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MICROCHIP 

Motivated by customer 
requirements .... 

... and powered by continuous 
improvement. .. 

... riding, leading and pushing 
the wave of technological 
change. 

@ 1994 Microchip Technology Inc. 

SERVING A COMPLEX AND 

COMPETITIVE WORLD WITH FIELD

PROGRAMMABLE EMBEDDED CONTROL 

SYSTEM SOLUTIONS 

"Microchip Technology draws its impetus from the technol
ogy expectations of a large base of long-standing customers. 
Microchip is small enough to respond quickly with technology 
to serve our customers' needs. Moreover, as a fully integrated 
IC manufacturer, Microchip deploys its panoply of resources 
to act timely and efficiently, and on a worldwide scale: Tech
nology Development, Design, Wafer Fabrication, Assembly 
and Test, Quality, Reliability and Customer Support . 

"Worldwide competition leaves no room for divergence or medi
ocrity. Microchip Technology, committed to focus on and continu
ously improve all the aspects of its business, has a unique 
corporate culture. To improve perfonnance, our employees are 
encouraged to analyze their methods continually. Personal 
empowennentexpands the capability of personal responsibility to 
continually serve our customers better . 

"Our industry's life-line is innovation. The fast pace of technologi
cal change is inherent in our industry. Microchip Technology has 
accelerated the rate of change of its technology and products to 
leadership in providing user-programmable space-sensitive em
bedded control solutions. 

"Change is our ally. Driving and managing customer-focused 
change is our winning strategy.• 

Steve Sanghi 
President & Chief Executive Officer 

05000271-page 1 
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MICROCHIP 

MICROCHIP 
TECHNOLOGY 

INCORPORATED 
Company Profile 

HIGHLIGHTS 

• Focused on providing high-performance, field
programmable embedded control solutions 

• An experienced executive team focussed on 
innovation 

• Offers RISC 8-bit user-programmable microcon
trollers and supporting logic products 

• Offers Serial and Parallel EEPROMs and 
EPROMs 

• Complementary Application Specific Standard 
Products 

• Fully integrated manufacturing 

• A global network of manufacturing and customer 
support facilities 

• A unique corporate culture dedicated to continu
ous improvement 

Chandler, Arizona: 
Company headquarters near Phoenix, Arizona; execu
tive offices, R & D and wafer fabrication occupy this 
142,000-square-foot facility. 

C 1994 Microchip Technology Inc. 
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BUSINESS SCOPE 

Microchip Technology Inc. manufactures and markets a 
variety of VLSI CMOS semiconductor components to 
support the field-programmable embedded control mar
ket In particular, the company specializes in highly 
integrated, field-programmable RISC microcontrollers, 
application specific standard products and related non
volatile memory products to meet growing market re
quirements for high performance, yet economical em
bedded control capability in an increasing number of 
price-sensitive products. Microchip's products feature 
the industry's most economical OTP (one-time program
mable) capability, along with the compact size, inte
grated functionality, ease of development and technical 
support so essential to timely and cost-effective product 
development by our customers. 

MARKET FOCUS 

Microchip targets selected markets where our advanced 
designs, progressive process technology and industry 
leading operating speeds enable us to deliver decidedly 
superior performance. The company has positioned 
itself to maintain a dominant role as a supplier of high 
performance field-programmable microcontrollers and 
associated memory and logic products for embedded 
control applications. 

Tempe, Arizona: 
New 170,000-square-foot wafer fabrication facility. 

08000271-page 3 
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Microchip delivers fast turnaround through total control over all phases of 
production. Research and development, design, mask making, wafer fabrica
tion, assembly and quality assurance testing are conducted at facilities 
owned and operated by Microchip. Our integrated approach to manufacturing 
along with rigorous use of advanced statistical process control (SPC) and a 
continuous improvement culture has brought forth tight product consistency 
levels and high yields which enable Microchip to compete successfully in 
world markets. Microchip's unique approach to SPC provides customers with 
excellent costs, quality, reliability and on-time delivery. 

Microchip is a global competitor providing local service to the world's 
technology centers. The Company's focal point is the design and technology 
advancement facility in Chandler, Arizona. Product and technology develop
ment is here, along with front-end wafer fabrication and electrical probing. 

In late 1993, Microchip purchased a second wafer fabrication facility in 
Tempe, Arizona - thirteen miles from its existing Chandler, Arizona, opera
tions. The additional 170,000 square foot facility will be equipped with 
process equipment for use in meeting future production volumes beyond 
those which could be efficiently produced in Microchip's single existing wafer 
facility. Initial production from the new Tempe facility is anticipated to begin 
by late 1994. 

Microchip's assembly and test facility in Kaohsiung, Taiwan houses the 
technology and modern assembly methods necessary for plastic and ceramic 
packaging. Other quality-conscious firms which fabricate wafers in the 
Pacific Rim use Microchip's Kaohsiung plant for assembly. 

Sales and application offices are located in key cities throughout the Western 
Hemisphere, Pacific Rim and Europe. Offices are staffed to meet the high 
quality expectations of our customers, and can be accessed for technical 
support, purchasing information and failure analysis. 

Microchip's product focus is CMOS field-programmable microcontrollers, 
non-volatile memories and peripherals, and application specific standard 
products (ASSP). These product lines include PIC16/17 microcontrollers, 
Serial and Parallel EEPROMs, high-speed EPROMs, and peripherals in a 
broad range of product densities, speeds and packages. 

PIC16/17 microcontrollers from Microchip combine high performance, low 
cost and small package size. They offer the best price/performance ratio in 
the industry. Large numbers of these devices are used in automotive and 
cost-sensitive consumer products, computer peripherals, office automation, 
automotive control systems, security and telecommunication applications. 

The widely-accepted CMOS PIC16CXX and PIC17CXX families are the 
industry's only 8-bit microcontrollers using a high-speed RISC architecture. 
Microchip pioneered the use of RISC architecture to obtain high speed and 
instruction efficiency. The CMOS PIC16CXX family is in high-volume 
production, with more than 60 million units shipped, and has achieved more 
than five thousand design wins worldwide. 

The PIC17CXX family offers the world's fastest execution performance of any 
8-bit microcontroller family. The PIC17CXX family extends the PIC16/17 
microcontroller's high-performance RISC architecture with a 16-bit instruc
tion word, enhanced instruction set and powerful vectored interrupt handling 
capabilities. The first member of the family, the PIC17C42, includes a 
powerful array of intelligent and precise on-chip peripheral features that are 
ideally suited for many demanding real-time embedded control applications 
including motor control, process control, security, automotive and medical 
applications. In addition, the PIC17C42 can function either as a stand-alone 
microcontroller or can execute instructions from up to 64K words of external 
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program memory. The PIC 17C42featurescomprehensivetimer/counter 
resources and 1/0 handling capabilities to address the requirements of 
complex embedded control applications. 

Current CMOS PIC16/17 microcontroller product families include ad
vanced features such as sophisticated timers, embedded A/D, extended 
instruction/data memory, inter-processor communication and ROM, 
EPROM and EEPROM memories. 

Both PIC16CXX and PIC17CXXfamilies are supported by user-friendly 
development systems including programmers and emulators. 

The PICMASTER™ is an advanced real-time in-circuit emulator system 
using the user-friendly Windowsn• software environment. The 
PICMASTER is a Microchip-designed universal emulator for both 
PIC16CXX and PIC17CXX families. The PRO MATETM is an advanced 
full-featured programmer. PICSTART™ is a low-cost development kit 
which includes an assembler, simulator and programmer. 

Both PIC16/17 microcontroller families are supported by assemblers. 
linker/loaders, libraries and a source-level debugger. The PIC16CXX 
family is also supported by a software simulator. 

Customers can obtain on-line updates on Microchip Development Sys
tems and Support Software via the Bulletin Board System (BBS). Please 
refer to the Microchip BBS product brief in Section 9 for specific access 
information. 

Microchip offers one of the broadest selections of CMOS Serial EEPROMs 
on the market for embedded control systems. Serial EEPROMs are 
available in variety of densities, operating voltages, bus interface proto
cols, operating temperature ranges and space saving packages. The 
company has developed the world's first 64K Smart Serial™ EEPROM 
which currently offers four times the speed, four times the memory and 
four times the features of any competitive 2-wire Serial EEPROM. 
Device densities range from 255K bits uptc 84K bits. In addition to 5 volt
only operation, Microchip offers Serial EEPROMs that read and write 
down to 2.5, 2 or 1.8 volts. l2C™, Microwire™ and 4-wire bus interface 
protocols are standard. Devices come in three standard operating 
temperature ranges; commercial, industrial and automotive. Small 
footprint packages include: 8-lead DIP, 8-lead SOIC in JED EC and EIAJ 
body widths and 14-lead SOIC. Other key features of the Serial 
EEPROM product line include: electrostatic discharge (ESD) protection 
greater than 4K volts and endurance of 1 OOK cycles minimum and one 
million typical. 

Microchip is a high-volume supplier of Serial EEPROMs to all the major 
markets worldwide, including consumer, automotive, industrial, com
puter and communications. To date, more than 100 million units have 
been produced. Microchip is continuing to develop additional unique 
Serial EEPROMs. 

The CMOS Parallel EEPROM devices from Microchip are available in 
4K, 16K and 64K densities. The manufacturing process used for these 
EEPROMs ensures 10,000 to 100,000 write and erase cycles typically. 
Data retention is more than 10 years. Fast write times are less than 200 
µsec. These EEPROMs work reliably under demanding conditions and 
operate efficiently at temperatures from -40°C to +125°C. Microchip's 
expertise in advanced SOIC, TSOP and VSOP surface mount packaging 
supports our customers' needs in space-sensitive applications. 

IC> 1994 Microchip Technology Inc. 
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Typical applications include computer peripherals, engine control, pattern 
recognition and telecommunications. 

Microchip's CMOS EPROM devices are produced in densities from 64K to 
512K. High Speed EPROMs have access times as low as 55 nanoseconds. 
Typical applications include computer peripherals, instrumentation, and 
automotive devices. Microchip's expertise in Surface Mount Packaging on 
SOIC, TSOP and VSOP packages led to the development of the Surface 
Mount one-time-programmable (OTP) EPROM market where Microchip is 
the #1 supplier today. Microchip is also a leading supplier of low-voltage 
EPROMs for battery powered applications. 

Microchip's new Application Specific Standard Product (ASSP) Division 
provides value-added embedded control solutions by combining PIC16/17 
microcontroller architecture with innovative software, silicon and assembly 
technology. These products incorporate technology that will offer a com
plete solution that is both unique to the customer and standard in manufac
ture to Microchip. The mission of this family is to offer a complete solution 
which reduces or removes the barriers for customers to use Microchip 
solutions in their products through the use of software embedded in secure 
OTP-or ROM-based microcontrollers. The family is packaged to provide the 
highest integration to the customer at the best overall system cost. 

The MTA11XXX family is the most accurate and most integrated battery 
management and charging solution available today. The family incorpo
rates Microchip/SPAN patented TrueGauge™ technology which digitally 
integrates battery charge and discharge currentto provide an accurate (<3% 
typical) state of charge indication. The family operates with NiCd and NiMH 
battery packs from 3 Vdc to 30 Vdc. These products are ideal for portable 
PC, cellular phone and portable consumer product applications. 

Ease of use, low voltage and low cost make the MTA41XXX mouse and 
trackball MCU firmware solutions ideal for implementing new designs for 
both PCs and Apple•computers. The products in the MTA41XXX family are 
18-lead, low-power CMOS microcontroller ICs combined with application
specific software. By adding a few external components, the user can easily 
realize a complete mouse or trackball system. 

The MTA810XX PICSEE™ family of cost-effective system solutions inte
grate PIC16/17 microcontrollers with EEPROM technology. These PICSEE 
devices are ideally suited for automotive security, keyless entry, remote 
control, data acquisition and telecommunication applications. The com
bined product assembly techniques provide the user the highest perfor
mance solution in a compact and cost-effective package. 

Future ASSP products will include advanced features such as mixed analog 
and digital capability as well as an ever broadening family of turnkey 
software solutions for the embedded control market. 

Other Microchip products, such as Liquid Crystal Display Drivers, are 
mature products with proven track record and a large, repeat customer base. 

Microchip has a long history of innovation in the semiconductor industry. For 
more than a quarter century, Microchip and its former parent company have 
been developers of leading-edge, cost-effective logic and memory prod
ucts. 

Microchip is credited with a number of firsts: The Metal-Oxide-Silicon (MOS) 
Integrated Circuit, DRAM, Serial EEPROM, Reduced Instruction Set Com
puter (RISC) microcontroller product family, UART, CMOS 64K EEPROM, 
and CMOS single chip DSP are all innovations that were originally devel
oped and introduced by Microchip engineers. 
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CHANDLER, AZ FACILITY 

Chandler Wafer Fabrication: Diffusion Area 

TAIWAN FACILITY 
Microchip's assembly and test operation in Kaohsiung, Taiwan 
received the prestigious Ishikawa Award for assembly and testing 
excellence. 
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Chandler Wafer Fab: Sub-micron Alignment Area 

The Microchip Kaohsiung planrs excellent 
track record and continuing efforts to achieve 
higher levels of quality and technological ad
vancement has resulted in superior yields and 
fast turnaround. 

C 1994 Microchip Technology Inc. 



FUTURE PRODUCTS AND 
TECHNOLOGY 

QUALITY WITHOUT 
COMPROMISE 

A QUALITY AND 
RELIABILITY ALLIANCE 
WITH CUSTOMERS 

© 1994 Microchip Technology Inc. 

Microchip Technology Incorporated 

New process technology is constantly being developed for microcontroller, 
ASSP, EEPROM and high-speed EPROM products. Advanced process 
technology modules are being developed that will be integrated into present 
product lines to continue to achieve a range of compatible processes. Current 
production technology utilizes dimensions down to 0.9 microns. 

Microchip's research and development activities, include exploring new 
process technologies and products that have industry leadership potential. 
Particular emphasis is placed on products that can be put to work in high
performance broad-based markets. 

Equipment is continually updated to bring the most sophisticated process, 
CAD and testing tools on line. Cycle times for new technology development 
are continuously reduced by using in-house mask making, a high-speed pilot 
line within the manufacturing facility and continuously improving methodolo
gies. 

More advanced technologies are under development, as well as advanced 
CMOS RISC-based microcontroller, ASSP and CMOS EEPROM and EPROM 
products. Objective specifications for new products are developed by 
listening to our customers and by close cooperation with our many customer
partners worldwide. 

Product reliability is designed into Microchip products at the outset. Wide 
design margins are established to guarantee that every product can be 
produced easily, error-free and within the tolerances of the manufacturing 
process. 

All quality assurance tests are tighterthan customer specifications. Products 
are tested at least two machine tolerances tighter than those specified by the 
customer. 

Every new product is qualified under accelerated stress testing. Test samples 
encompass the full range of processed tolerances at each step. Data sheets 
detailing these processes enable customers to reach accurate decisions 
based on known quantitative values. 

To determine whether a process is within normal manufacturing variation, 
industry-leading statistical control techniques are put to work at each process 
step. In-process controls are performed by operators in the wafer fabrication 
division and immediate corrective action is taken if they deem a process is out 
of tight control limits. Products are also sampled weekly through a variety of 
carefully monitored stress and accelerated life tests. 

Microchip's documentation control program assures the correct document is 
always available at the point of use. Active documents are serialized and 
stamped to eliminate the possibility of performing a job from obsolete or 
incorrect instructions. 

Individuals in all departments continuously analyze the methods employed at 
their positions and formulate plans to improve performance. In all areas of our 
business, everyone is expected to make continuous improvement. 

Microchip works together with customers to establish mutual programs to 
improve the performance of our products in their systems. We go beyond the 
incoming inspection level and specification by extending our quality and 
reliabilitysupporttothe point where the customer ships the system. Microchip's 
quality programs ensure that our products can be used with such impunity, a 
customer can implement improvement programs based on Microchip as your 
leading supplier. 
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MICROCHIP PIC16C5X 
EPROM-Based 8-Bit CMOS Microcontroller Series 

FEATURES 

High-Performance RISC-like CPU 
• Only 33 single word instructions to learn 
• All single cycle instructions (200ns) except for 

program branches which are two-cycle 
• Operating speed: DC - 20 MHz clock input 

DC - 200ns instruction cycle 
• 12-bit wide instructions 
• 8-bit wide data path 
• 512 - 2K x 12 on-chip EPROM program memory 
• 25 - 72 x 8 general purpose registers (SAAM) 
• Seven special function hardware registers 
• Two-level deep hardware stack 
• Direct, indirect and relative addressing modes for data 

and instructions 

Peripheral Features 
• 12 - 20 1/0 pins with individual direction control 
• 8-bit real time clock/counter (RTCC) with 8-bit 

programmable prescaler 
• Power-On Reset 

FIGURE A· PIN CONFIGURATIONS 

-RA2 
-RA3 

--RTCC 
--MCLR 
--vss 

-ABO 
-RB1 
-RB2 
-RB3 

-RA2 
-RA3 
-RTCC 

-~ 
-- Vss 
-- Vss 

-ABO 
-RB1 
-RB2 
-RB3 

PDIP,SOIC, 
CERDIP Window 

• 1 18 RA1-
2 17 RAO-
3 ~~ 16 OSC1/CLKIN.__ 
4 ........ 15 OSC2/CLKOUT --
5 en en 14 voo--
6 00 13 RB7-en en 
7 en..., 12 RB6-
8 11 RBS-
9 10 RB4-

SSOP 

20 RA1-
2 

~~ 
19 RAO-

3 18 OSC1/CLKIN.__ 
4 ........ 17 OSC2/CLKOUT -
5 en en 16 Voo .--(') (') 
6 g:~ 15 Voo .--
7 14 RB7-
8 13 RB6-
9 12 RBS-
10 11 RB4-

C 1994 Microchip Technology Inc. 
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• Oscillator Start-up Timer 
• Watchdog Timer (WOT) with its own on-chip RC 

oscillator for reliable operation 
• Security EPROM fuse for code-protection 
• Power saving SLEEP mode 
• EPROM fuse selectable oscillator options: 

- Low-cost RC oscillator: RC 
- Standard crystal/resonator: XT 
- High-speed crystal/resonator: HS 
- Power saving, low frequency crystal: LP 

CMOS Technology 
• Low-power, high-speed CMOS EPROM technology 
• Fully static design 
• Wide-operating voltage range: 

- Commercial: 2.5V to 6.25V 
- Industrial: 2.5V to 6.25V 
- Automotive: 2.5V to 6.0V 

• Low-power consumption 
- < 2mA typical @ 5V, 4 MHz 
- 15µA typical@. 3V, 32 KHz 
- < 3µA typical standby current @ 3V, o·c to 1o·c 

PDIP,SOIC, 
CERDIP Window 

--RTCC •1 28 MCLR-

-- Yoo 2 27 OSC1/CLKI~ 

N/C 3 26 OSC2/CLKOUT --
-- Vss 4 25 RC7---

N/C 5 J! J! 24 RC6---
---RAO 6 (')0 23 RCS---
---RA1 7 ........ 22 RC4---
---RA2 8 ~H~ 21 RC3---
---RA3 9 en en 20 RC2---...,. en 
---RBO 10 19 RC1---
---RB1 11 18 RCO---
---RB2 12 17 RB7---
---RB3 13 16 RBS---
---RB4 14 15 RBS---

SSOP 

--vss •1 28 MCLR-

-- RTCC 2 27 OSC1/CLKI~ 

--voo 3 26 OSC2/CLKOUT --
--voo 4 25 RC7---

-RAO 5 "II "II 24 RC6---
---RA1 6 00 23 RCS---
---RA2 7 ........ 22 RC4---
---RA3 8 gg 21 RC3---
---ABO 9 ...,. en 20 RC2---
---RB1 10 19 RC1---
---RB2 11 18 RCO---
---RB3 12 17 RB7---
---RB4 13 16 RB6---
--vss 14 15 RBS---
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1.0 GENERAL DESCRIPTION 

The PIC16C5X from Microchip Technology is a family 
low-cost, high-performance, 8-bit, fully static, EPROM
based CMOS microcontrollers. It employs a RISC-like 
architecture with only 33 single word/single cycle in
structions to learn. All instructions are single cycle 
(200ns) except for program branches which take two 
cycles. The PIC16C5X delivers performance an order of 
magnitude higher than its competitors in similar price 
category. The 12-bit wide instructions are highly sym
metrical resulting in 2:1 code compression over other 
8-bit microcontrollers in its class. The easy to use and 
easy to remember instruction set reduces development 
time significantly. 

The PIC16C5X products are equipped with special 
microcontroller like features that reduce system cost 
and power requirements. The Power-On Reset and 
oscillator start-up timer eliminate the need for external 
reset circuitry. There are four oscillator configurations to 
choose from, including the power-saving LP (Low Power) 
oscillator and cost-saving RC oscillator. Power saving 
SLEEP mode, watchdog timer and code protection 
features improves system cost, power and reliablity. 

The UV-erasable cerdip-packaged versions are ideal for 
code development, while the cost-effective One Time 

TABLE 1.0.1 - OVERVIEW OF PIC16C5X DEVICES 

Part# EPROM RAM* 110 Package Options 

PIC16C5X Series 

Programmable (OTP) versions are suitable for produc
tion in any volume. The customer can take full advan
tage of Microchip's price leadership in OTP microcon
troller while benefiting from the OTP flexibility. 

The PIC16C5X products are supported by an assem
bler, a software simulator, an in-circuit emulator and a 
production quality programmer. All the tools are sup
ported by IBM P~ and compatible machines. 

1.1 Applications 

The PIC16C5X series fits perfectly in applications rang
ing from high-speed automotive and appliance motor 
control to low-power remote transmitters/receivers, point
ing devices and telecom processors. The EPROM tech
nology makes customization of application programs 
(transmitter codes, motor speeds, receiver frequencies, 
etc.) extremely fast and convenient. The small footprint 
packages for through hole or surface mounting make 
this microcontroller series perfect for all applications 
with space limitations. Low-cost, low-power, high perfor
mance, ease of use and 1/0 flexibility make the PIC16C5X 
series very versatile even in areas where no 
microcontroller use has been considered before (e.g. 
timer functions, replacement of "glue' logic in larger 
systems, co-processor applications). 

PIC16C54 512 x 12 32x8 12 18L windowed CERDIP, 18L PDIP, 18L SOIC (300 mil), 20L SSOP 

PIC16C55 512 x 12 32x8 20 28L windowed CERDIP, 28L PDIP (600 mil), 28L PDIP (300 mil), 
28L SOIC (300 mil), 28L SSOP 

PIC16C56 1K x 12 32x8 12 18L windowed CERDIP, 18L PDIP, 18L SOIC (300 mil), 20L SSOP 

PIC16C57 2K x 12 80x8 20 28L windowed CERDIP, 28L PDIP (600 mil), 28L PDIP (300 mil), 
28L SOIC (300 mil), 28L SSOP 

• Including special function registers. 

2.0 ARCHITECTURAL DESCRIPTION 

2.1 Harvard Architecture 

The PIC16C5X single-chip microcomputers are low
power, high-speed, full static CMOS devices containing 
EPROM, RAM, 1/0 and a central processing unit on a 
single chip. 

The architecture is based on a register file concept with 
separate bus and memories for data and instructions 
(Harvard architecture). The data bus and memory (RAM) 
are 8-bits wide, while the program bus and program 
memory (EPROM) have a width of 12-bits. This concept 
allows a simple yet powerful instruction set designed to 
emphasize bit, byte and register operations under high 
speed with overlapping instruction fetch and execution 

© 1994 Microchip Technology Inc. 
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cycles. That means that, while one instruction is ex
ecuted, the following instruction is already being read 
from the program memory. A block diagram of the 
PIC16C5X series is given in Figure 2.1.1. 

2.2 Clocking Scheme/Instruction Cycle 

The clock input (from pin OSC1) is internally divided by 
four to generate four non overlapping quadrature clocks 
namely 01, 02, 03 and 04. Internally, PC is incre
mented every 01, instruction is fetched from program 
memory and latched into instruction register in 04. It is 
decoded and executed during the following 01 through 
04. The clocks and instruction execution flow is shown 
in Figure 2.2.1. 
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PIC16CSX Series 

FIGURE 2.1.1 - PIC16C5X SERIES BLOCK DIAGRAM 

STACK1 

STACK2 

WDTTIME 
OUT 

DIRECT RAM 
ADDRESS 

RAO-RA3 

TABLE 2.1.1 - PIN FUNCTIONS 

Name Function 

RAO-RA3 1/0 PORTA 
RBO- RB7 1/0 PORTS 
RCO- RC7 1/0 PORTC (C55/57 only) 
RTCC Real Time Clock/Counter 
MCLR Master Clear 
OSC1/CLKIN Oscillator (input) 
OSC2/CLKOUT Oscillator (output) 
Voo Power supply 
Vss Ground 
N/C No (internal) Connection 

2.3 Data Register File 

The 8-bit data bus connects two basic functional ele
ments together: the Register File composed of up to 80 
addressable 8-bit registers including the 1/0 Ports, and 
an 8-bitwide Arithmetic Logic Unit. The 32 bytes of RAM 
are directly addressable while a 'banking' scheme, with 
banks of 16 bytes each, is employed to address larger 
data memories (Figure 4.2.1 ). Data can be addressed 
direct, or indirect using the file select register. Immediate 
data addressing is supported by special 'literal' instruc
tions which load data from program memory into the W 
register. 

083001 SK-page 4 

RTCC 
PIN 

CONFIGURATION EPROM 

"DISABLE" 

OSC1 OSC2 MCLR 

"CODE 
~--T--~ PROTECT" OSCILLATOR/ 

TIMING& 
CONTROL 

WDT/RTCC 
PRESCALER 

CLKOUT 

2-6 

-- "OPTION" 

FROMW 

RBO-RB7 

"SLEEP" 

GENERAL 
PURPOSE 
REGISTER 

FILE 

RCO-RC7 
(PIC16C55/C57 

ONLY) 

The register file is divided into two functional groups: 
operational registers and general purpose registers. 
The operational registers include the Real Time Clock 
Counter (RTCC) register, the Program Counter (PC}, 
the Status Register, the 1/0 registers (PORTs) and the 
File Select Register. The general purpose registers are 
used for data and control information under command of 
the instructions. 

In addition, special purpose registers are used to control 
the 1/0 port configuration and the prescaler options. 

2.4 Arithmetic/Logic Unit (ALU) 

The 8-bit wide ALU contains one temporary working 
register (W Register). It performs arithmetic and Bool
ean functions between data held in the W Register and 
any file register. It also does single operand operations 
on either the W register or any file register. 

2.5 Program Memory 

Up to 512 words of 12-bit wide on-chip program memory 
(EPROM) can be directly addressed. Larger program 
memories can be addressed by selecting one of up to 
four available pages with 512 words each (Figure 4.3.1 ). 
Sequencing of microinstructions is controlled via the 
Program Counter (PC) which automatically increments 

© 1994 Microchip Technology Inc. 



FIGURE 2.2.1 • CLOCKS/INSTRUCTION CYCLE 

OSC1 

Q1 

Cl!' 

Q1 Cl! 

Cl!: 
,...-------' 

04 

R; 

(Program Counte~ 

OSC2/CLKOUT 

Cl! I 04 

(RC Mode) J----~Fel~ch~IN=s=T=PC~----i 

01 I Cl! 

PIC16C5X Series 

Cl! I 04 Q1 Cl! Cl! I 04 

+1 PC+2 

Execute INST (PC-1) Fe1ch INST (PC+1) 
ecute • 

to execute in-line programs. Program control opera
tions, supporting direct, indirect, relative addressing 
modes, can be performed by Bit Test and Skip instruc
tions, Call instructions, Jump instructions or by loading 
computed addresses into the PC. In addition, an on-chip 
two-level stack is employed to provide easy to use 
subroutine nesting. 

3.0 PIC16C5X SERIES OVERVIEW 

A wide variety of EPROM and RAM sizes, number of 
1/0 pins, oscillator types, frequency ranges and packag
ing options are available. Depending on application and 
production requirements the proper device option can 
be selected using the information and tables in this 
section. When placing orders, please use the 'PIC16C5X 
Product Identification System' on the back page of this 
data sheet to specify the correct part number. 

3.1 UV Erasable Devices 

Four different device versions, as listed in Table 1.0.1, 
are available to accommodate the different EPROM 
RAM, and 1/0 configurations. These devices are optimai 
for prototype development and pilot series. The desired 
oscillator configuration is EPROM programmable as 
'RC', 'XT', 'HS'or"LP'. An erased device is configured 
as 'RC' type by default. Depending on the selected 
oscillator type and frequency, the operating supply volt
age must be within the same range as a OTP/OTP part 
would be specified for. 

© 1994 Microchip Technology Inc. 

2-7 

Execute INST (PC+1) 

3.2 One-Time-Programmable (OTP) Devices 

The availability of OTP devices is especially useful for 
customers expecting frequent code changes and up
dates. OTP devices have the oscillator type pre-config
ured by the factory, and they are tested only for this 
special configuration (including voltage and frequency 
ranges, current consumption). 

The program EPROM is erased, allowing the user to 
write the application code into it. In addition, the watch
dog timer can be disabled, and/or the code protection 
logic can be activated by programming special EPROM 
fuses. The 16 special EPROM bits for ID code storage 
are also user programmable. 

3.3 Quick-Turnaround-Production (QTP) 
Devices 

Microchip offers a OTP Programming Service forfactory 
production orders. This service is made available for 
users who chose not to program a medium to high 
quantity of units and whose code patterns have stabi
lized. The devices are identical to the OTP devices but 
with all EPROM locations and fuse options already 
programmed by the factory. Certain code and prototype 
verification procedures do apply before production ship
ments are available. Please contact your Microchip 
Technology sales office for more details. 
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4.0 OPERATIONAL REGISTER FILES 

4.1 Indirect Data Addressing(INDF) 

This is not a physically implemented register. Address
ing INDF calls for the contents of the File Select Register 
to be used to select a file register. INDF is useful as an 
indirect address pointer. For example, in the instruction 
ADDWF INDF, W will add the contents of the register 
pointed to by the FSR to the content of the W Register 
and place the result in W. 

If INDF itself is read through indirect addressing (i.e. 
FSA = Oh), then OOh is read. If INDF is written to via 
indirect addressing, the result will be a NOP. 

4.2 Real Time Clock/Counter Register (RTCC) 

This register can be loaded and read by the program as 
any other register. In addition, its contents can be 
incremented by an external signal edge applied to the 
RTCC pin, or by the internal instruction cycle clock 
(CLKOUT =fosc/4). Figure 4.1.1 is a simplified block 
diagram of RTCC. 

An 8-bit prescaler can be assigned to the RTCC by 
writing the proper values to the PSA bit and the PS bits 
in the OPTION register. OPTION register is a special 
register (not mapped in data memory) addressable 
using the 'OPTION' instruction. See Section 7.5 for 
details. If the prescaler is assigned to the RTCC, 
instructions writing to RTCC (e.g. CLRF RTCC, or BSF 
RTCC,5, ... etc.) clear the prescaler. 

The bit 'RTS' (RTCC signal Source) in the OPTION 
register determines if RTCC is incremented internally or 
externally. 

RTS=i: The ciock source for the RTCC or the pres
caler, if assigned to it, is the signal on the RTCC 
pin. Bit 4 of the OPTION register (RTE) deter
mines, if an increment occurs on the falling 
(RTE=1) or rising (RTE=O) edge of the signal 
presented to the RTCC pin. 

RTS=O: The RTCC register or its prescaler, respec
tively, will be incremented with the internal 
instruction clock(= Fosd4). The 'RTE' bit in the 
OPTION register and the RTCC pin are 'don't 
care' in this case. The RTCC pin must not be 
left floating (tie to either Voo or Vss). This 
prevents unintended entering of test modes 
and to reduce the current consumption in low 
power applications. 

As long as clocks are applied to the RTCC (from internal 
or external source, with or without prescaler), RTCC 
keeps incrementing and just rolls over when the value 
'FFh' is reached. All increment pulses for RTCC are 
delayed by two instruction cycles. After writing to RTCC, 
for example, no increment takes place for the following 
two instruction cycles. This is independent if internal or 
external clock source is selected. If a prescaler is as
signed to the RTCC, the output of the prescaler will be 
delayed by two cycles before RTCC is incremented. 
This is true for instructions that either write to or read
modify-write RTCC (e.g. MOVF RTCC, CLRF RTCC). 
For applications where RTCC needs to be tested for 
zero without affecting its count, use of MOVF RTCC, W 
instruction is recommended. Timing diagrams in Figure 
4.2.2 show RTCC read, write and increment timing. 

4.2.1 USING RTCC WITH EXTERNAL CLOCK 

When external clock input is used for RTCC, it is syn
chronized with the internal phase clocks. Therefore, the 
external clock input must meet certain requirements. 
Also, there is some delay from the occurance of the 
external clock edge to the actual incrementing of RTCC. 
Referring to Figure 4.1.1, the synchronization is done 
after the prescaler. The output of the prescaler is 
sampled twice in every instruction cycle to detect rising 
or falling edges. Therefore, it is necessary for Psour to 
be high for at least2 tosc and low for at least2 lose where 
tosc = oscillator time period. 

FIGURE 4.1.1 • RTCC BLOCK DIAGRAM (SIMPLIFIED) 

DATA BUS 

fosc/4 0 
RTCC 
PIN 

~ 
SYNC WITH 
INTERNAL 

PROGRAMMABLE 
CLOCKS 

is 
RTCC(B) 

RTE 
RTS 

PRESCALER (2 CYCLE DELAY) 

PS2,PS1,PSO PSA 

Notes: 1. Bits, RTE, ATS, PS2, PS1, PSO are located in option register. 
2. The prescaler is shared with Watchdog Timer (see Figure 9.0.1 ). 

OS30015K-page 6 © 1994 Microchip Technology Inc. 

2-8 



PIC16CSX Series 

FIGURE 4.2.1 -PIC16C5X DATA MEMORY MAP 

FILE 
ADDRESS 7 6 5 4 3 2 1 0 

INDIRECT ADDA. (•) 

RTCC CALL 10 9 

[ A10lA9 lA8 RETLW I PC 

STATUS 

FSR t---i 

PORTA 

PORTB 

PORTC( .. ) 

t- --1 

t- -1 
t-- GENERAL --1 
t- PURPOSE -1 

876543 2 1 0 10 9 

STACK1 1-1 

7 6 5 4 3 2 1 0 

l TRISA 

~ 
TRISB 

TRISC 

TO AND FROM 
REGISTER FILE 
VIA ALU 

w 

8 7 

5 

I 

6 5 4 3 2 1 0 

STACK2 

4 3 2 1 0 

OPTION 

00 

01 

02 

03 

04 

05 

06 

07 

08 

09 

OA 

OB 

oc 
OD 

OE 

OF 

t-- REGISTER -1 

t-
FILE 

-1 
~ -1 L FROMP ROGRAM MEMORY 

BIT 6, 5 OF FSA: BANK SELECT 
(PIC16C57 ONLY) 

loo 1°1 10 r 
10 30 50 70 

11 

12 

13 

14 

15 

16 GENERAL 
PURPOSE GENERAL PURPOSE 

17 REGISTER REGISTER FILE 

18 FILE 
(ALL TYPES) (PIC16C57 ONLY) 

19 

1A 

18 

1C 

1D 
(BANKO)(" .. ) (BANK1)( .. ") (BANK2)( ... ) (BANK3)( ... ) 

1E 

1F 3F SF 7F 

(*) NOT A PHYSICALLY IMPLEMENTED REGISTER. SEE SECTION 4.0 FOR DETAILS. 

( .. ) FILE ADDRESS 7h IS A GENERAL PURPOSE REGISTER ON THE PIC16C54/C56 

(**j BANKO IS AVAILABLE ON ALL MICROCONTROLLERS WHILE BANK 1 TO BANK 3 ARE ONLY AVAILABLE ON THE 
PIC16C57. (SEE SECTION 4.6 FOR DETAILS) 
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PIC16C5X Series 

When no orescaler js used. PSOUT (Prescaler output, 
see Figure 4.1.1) is the same as RTCC clock input and 
therefore the requirements are: 
TRTH = RTCC high time <!: 2tosc + 20 as 
TRTL = RTCC low time <!: 2tosc + 20 as 

When presgaler is used, the RTCC input is divided by the 
asynchronous ripple counter-type prescaler and so the 
prescaler output is symmetrical. 
Then: PSOUT high time = PSOUT low time = N • TRT/2 
where TRT = RTCC input period and N = prescale value 
(2, 4, ... ., 256). The requirement is, therefore N • TRT/2 
:!: 2tosc+20ns,orTRT<!: 4tosc+40ns. 

N 

The user will notice that no requirement on RTCC high 
time or low time is specified. However, if the high time 
or low time on RTCC is too small then the pulse may not 
be detected, hence a minimum high or low time of 1 Oas 
is required. In summary, the RTCC input requirements 
are: 
TRT RTCC period<!: (4 tosc + 40ns)/N 
TRTH RTCC high time :!: 10ns 
TRTL RTCC low time <!: 1 Oas 

Delay from external clock edge: Since the prescaler 
output is synchronized with the internal clocks, there is 
a small delay from the time the external clock edge 
occurs to the time the RTCC is actually incremented. 
Referring to Figure 4.2.3, the reader can see that this 
delay is between 3 tosc and 7 tosc. Thus, for example, 
measuring the interval between two edges (e.g. period) 
will be accurate within ±4 tosc (±200 as @ 20 MHz). 

4.3 ·Program .Counter 

The program counter generates the addresses for up to 
2048 x 12 on-chip EPROM cells containing the program 
instruction words (Figure 4.3.1 ). 

Depending on the device type, the program counter and 
its associated two-level hardware stack is 9 - 11-bits 
wide. 

TABLE 4.3.1 -PROGRAM COUNTER STACK 
WIDTH 

Part# PC width Stack width 

PIC16C54/PIC16C55 9-bit 9-bit 
PIC16C56 10-bit 10-bit 
PIC16C57 11-bit 11-bit 

The program counter is set to all •1 •s upon a RESET 
condition. During program execution it is auto 
incremented with each instruction unless the result of 
that instruction changes the PC itself: 

a) "GOTO" instructions allow the direct loading of the 
lowernine program counter bits (PC <8:0>). In case 
of PIC16C56/PIC16C57, the upper two bits of PC 
(PC<10:9>) are loaded with page select bits PA1, 
PAO (bits 6,5 status register). Thus, GOTO allows 
jump to any location on any page. 

b) "CALL• instructions load the lower 8-bits of the PC 
directly, while the ninth bit is cleared to •o•. The PC 
value, incremented by one, will be pushed into the 
stack. In case of PIC16C56, PIC16C57, the upper 
2-bits of PC (PC<10:9>) are loaded with Page 
Select bits PA1, PAO (bits 6,5 status register). 

FIGURE 4.2.2A - RTCC TIMING: INT CLOCKlNO PRESCALE 

·~1m1001~·~1m1001~·~1m1001~·~1~1001~·~1m1001~·~1~1001~·~1m1001~·~1m1001~· 
I I I I I I I I I 

f'C 
(PROGRAM 
COUNTER) , 

fC-1 ' FC PCtl PC+2 PC+3 I PC+4 PC+S PC+8 
I I I I I I 

INST a I MOVF RTCC, W I MOVF RTCC, W I MOVF RTCC, W I MOVF RTCC, W I MOVF RTCC, W I 

I MOVWFF1 I I I 

' 
RltlC Rr BI±1 X BI±2 X NAT I NB! x ~BI±l x rill +2 x NBI+a c 

t t t t t t 
' WrlteRTCC ReadRTCC ' ReadRTCC ' ReadATCC ' ReadATCC ReadRTCC 

executed reads NAT ' reads NAT reads NAT+ 1 ' readsNRT +2 ' readsNRT +3 ' 

FIGURE 4.2.28 - RTCC TIMING: INT CLOCK/PRESCALE 1 :2 

·~1m1001~·~1m1001~·~1~1001~·~1~1001~·~1~1001~·~1m1001~·~1m1001~·~1~1001~· 
I I 1 I I I I I 

PC ( ec-1 FC PC+1 k PC+2 k PC+3 k PC+4 X PC+5 ~ PC+& 1 

(PROGRAM I I 1 I I 
COUNTER) : I MOVNF RTCC MOVF RTCC. w I MOVF RTCC, w I MOVF RTCC, w I MOVF RTCC, w I MOVF RTCC, w I 

' 
RTCC AT+1 NAT NAT+1 

t t t t t 
Wrte ATCC I Read RTCC I Read RTCC Read RTCC • Read RTCC Read RTCC 
executed ' reads NAT reads NAT reads NRT I reads NAT I reads NRT 
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c) "RETLW" instructions load the program counter 
with the top of stack contents. 

d) If PC is the destination in any instruction (e.g. 
MOVWF PC, ADDWF PC, or BSF PC,5) then the 
computed 8-bit result will be loaded into the lower 
8-bits of program counter. The ninth bit of PC will be 
cleared. lncaseofPIC16C56/PIC16C57,PC<10:9> 
will be loaded with Page Select bits PA 1, PAO (bits 
6,5 in status register). 

It should be noted that because bit 8 (ninth bit) of PC is 
cleared in CALL instruction or any instruction which 
writes to the PC (e.g. MOVWF PC), all subroutine calls 
or computed jumps are limited to the first 256 locations 
of any program memory page (512 words long). 

MORE ON PROGRAM MEMORY PAGE SELECT 
!PIC16C56/PIC16C57 ONL Yl: 

Incrementing the program counter when it is pointing to 
the last address of a selected memory page is also 
possible and will cause the program to continue in the 
next higher page. However, the page pre-select bits in f3 
will not be changed, and the next 'GOTO", 'CALL', 
'ADDWF PC', "MOVWF PC" instruction will return to the 
previous page, unless the page pre-select bits have 
been updated under program control. For example, a 
'NOP" at location "1 FF' (page 0) increments the PC to 
'200' (page 1). A 'GOTO xxx" at '200' will return the 
program to address 'xxx' on page "O' (assuming thatthe 
page preselect bits in file register STATUS are "O'). 

Upon a RESET condition, page O is pre-selected while 
the program counter addresses the last location in the 
last page. Thus, a 'GOTO" instruction atthis location will 
automatically cause the program to continue in page o. 

PIC16CSX Series 

4.4~ 

The PIC16C5X series employs a two-level hardware 
push/pop stack (Figure 4.3.1 ). 

CALL instructions push the current program counter 
value, incremented by "1 ', into stack level 1. Stack level 
1 is automatically pushed to level 2. If more than two 
subsequent 'CALL's are executed, only the most recent 
two return addresses are stored. 

For the PIC16C56 and PIC16C57, the page preselect 
bits of STATUS will be loaded into the most significant 
bits of the program counter. The ninth bit is always 
cleared to "O' upon a CALL instruction. This means that 
subroutine entry addresses have to be located always 
within the lower half of a memory page (addresses 000-
0FF, 200-2FF, 400-4FF, 600-6FF). However, as the 
stack has always the same width as the PC, subroutines 
can be called from anywhere in the program. 

RETLW instructions load the contents of stack level 1 
into the program counter while stack level 2 gets copied 
into level 1. If more than two subsequent "RETLW"s are 
executed, the stack will be filled with the address previ
ously stored in level2. Forthe PIC16C56 and PIC16C57 
the return will be always to the page from where th~ 
subroutine was called, regardless of the current setting 
of the page pre-select bits in file register STATUS. Note 
that the W register will be loaded with the literal value 
specified in the RETLW instruction. This is particularly 
useful for the implementation of 'data" tables within the 
program memory. 

FIGURE 4.2.3 - RTCC TIMING WITH EXTERNAL CLOCK 

:rn1~100104:rn1~100104'rn1~100104'rn1~100104' I I o 

EXT CLOCK INPUT OR I ' Small pulse I 

PRESCALER OUT (NOTE 2) misses sam ling 

EXT CLOCK/PRESCALER 
OUTPUT AFTER SAMPLING 

INCREMENT RTCC (04) 

t 

RTCC t-~~~~--1:~RL-~~--'XL--+--1:!R~+~1~~AX__,,____i:R~+~2:__~-
Notes: 

1. Delay from clock input change to RTCC increment is 3 tose to 7 lose. (Duration of Q = tose). 
Therefore, the error in measuring the interval between two edges on RTCC input = ± 4 tose max 

2. External clock ~ no presealer selected, Presealer output otherwise. · 
3. The arrows indicate the points in time where sampling occurs. 
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PIC16C5X Series 

FIGURE 4.3.1 ·PROGRAM MEMORY ORGANIZATION 

PC 

...------- GOTO, CALL, INST WITH PCAS DESTINATION ............... FROM STATUS<6> PIC16C570NLY) 
,....----- GOTO, CALL. INST WITH f'C AS DESTINATION ............... FROM STATUS<5> PIC16C561C57 ONLY) 
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CALL, INST WITH PC AS DESTINATION •.••.•••. ALWAYS "O" 

-(GOTO, CALL ........................................... DIRECT FROM INSTRUCTION WORD 
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4.5 STATUS Word Register 

This register contains the arithmetic status of the ALU, 
the RESET status, and the page preselect bits for larger 
program memories than 512 words (PIC16C56, 
PIC16C57). 

The STATUS register can be destination for any instruc
tion like any other register. However, the STATUS bits 
are set after the following write. Furthermore, TO and 
PD bits are not writable. Therefore, the result of an 
instruction with STATUS register as destination may be 

FIGURE 4.5.1 - STATUS WORD REGISTER 

(7) (S) (4) (1) 

[ PA2 I PA1 PAO I 10 I R> I z JrcJc] 
-:J L 

C 1994 Microchip Technology Inc. 

PIC16C5X Series 

different than intended. For exam~. CLRF STATUS 
will clear all bits except for TO and PD and then set the 
Z bit and leave status register as OOOUU100 (where U = 
unchanged). 

It is recommended, therefore, that only BCF, BSF and 
MOVWF instructions are used to alter the STATUS 
registers because these instructions do not affect any 
STATUS bit. 

For other instructions, affecting any STATUS bits, see 
Section "Instruction Set Summary' (Table 10.0.1). 

RESET CONDITION: 
PA2,PA1, PAO cleared to 'O'. 
TO, PD are set or reset as shown in Table 4.5.2.1 
Z, DC, C are unknown on power on reset and 
unchanged in any other reset. 

CARRY/BORROW BIT: 
For ADDWF and SUBWF Instructions, this bit is set if there is a 
carry out from the most significant bit of the resultant. 
Note that a subtraction is executed by adding the two's complement 
of the second operand. For rotate (RAF, ALF) instructions, this bit 
is loaded with either the high or low order bit of the source register. 

DIGIT CARRY/BORROW BIT: 
For ADDWF and SUBWF instructions, this bit is set if there is a 
carry out from the 4th low order bit of the resultant. 

ZERO BIT: 
Set if the result of an arithmetic or logic operation is zero. 

POWER DOWN BIT: 
Set to •1 • during power up or by a CLAWDT command. This bit 
is reset to •o• by a SLEEP Instruction. 

TIME-OUT BIT: 
Set to "1" during power up and by the CLRWDT and SLEEP 
command. This bit is reset to •o• by a watchdog timer time out. 

PIC16C541C55 : Two general purpose readfwrite bits 

PIC16CS6 

PIC16C57 

: BIT 5 ... Page preselect bit 

0= PageO (000· 1FF) 
1 = Page 1 (200 • 3FF) 

BIT 6 ... General purpose read/write bit 

: Two page preselect bits 

00 =Page o (000 • 1FF) 
01 = Page 1 (200 • 3FF) 
10 =Page 2 (400. SFF) 
11 = Page 3 (600 • 7FF) 

BIT 7: General purpose readfwrite bit 
(reserved for future use) 

DS30015K·page 11 
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PIC16C5X Series 

4.5.1 CARRY/BORROW AND DIGIT CARRY/ 
BORROW BITS: 

The Carry bit (C) is a carry out in addition operation 
(ADDWF) and a borrow out in subtract operation 
(SUBWF). 

It is also affected by RAF and ALF instructions. The 
following examples explain carry/borrow bit operation: 

;SUBWF Example #1 

;f(20h)=0 clrf Ox20 
movlw 1 
subwf Ox20 

;wreg=l 
;f(20h)=f(20h)-wreg=O-l=FFh 
;Carry=O: Result is negative 

;SUBWF Example #2 
movlw OxFF ; 
movwf Ox20 ;f(20h)=FFh 
clrw ;wreg=O 
subwf Ox20 ;f(20h)=f(20h)-wreg=FFh
O=FFh 

;Carry=l:Result is positive 

The digit c~erates in the same way as the carry bit, 
i.e. it is a borrow in subtract operation. 

4.5.2 TIME OUT AND POWER DOWN STATUS 
BITS ao. PD) 

The TO and PD bits in the ST A TUS register can be 
tested to determine ii a RESET condition has been 
caused by a Watchdog Timer time-out, a power-up 
condition, or a wake-up from SLEEP by the Watchdog 
Wimer or MCLR pin. 

These STATUS bits are only affected by events listed in 
Table 4.5.2.1. 

TABLE 4.5.2.1 - EVENTS AFFECTING PD/ 
TO STATUS BITS 

Event TO PD Remarks 

Power-up 1 1 
WDTTimeout 0 x No effect on PD 
SLEEP instruction 1 0 
CLRWDT instruction 1 1 

Note: A WOT timeout will occur regardless of the status of the TO 
bit. A SLEEP instruction will be executed, regardless of the 
status of the Po bit. Table 4.5.2.2 reflects the status of PD 
and TO alter the corresponding event. 

DS30015K-page 12 
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TABLE 4.5.2.2 - PD/TO STATUS AFTER 
RESET 

- -
TO PD RESET was caused by 

0 0 WOT wake-up from SLEEP 
0 1 WOT time-out (not during SLEEP) 
1 0 MCLR wake-up from SLEEP 
1 1 Power-up 
x x = Low pulse on MCLR input 

Note: The PD and TO btt maintain their status (X) until an event 
of Table 4.5.2.1 occurs. A low-pulse on the MCLR input 

does not change the PD and TO status bits. 

4.5.3 PROGRAM PAGE PRESELECT IPIC16C56, 
PIC16C57 ONLY) 

Bits 5-6 of the STATUS register are defined as PAGE 
address bits PA0<1 :O>, and are used to preselect a 
program memory page. When executing a GOTO, 
CALL, or an instruction with PC as destination (e.g. 
MOVWF PC), PA<1:0> are loaded into bit A<10:9> of 
the program counter, selecting one of the available 
program memory pages. The direct address specified in 
the instruction is only valid within this particular memory 
page. 

RETLW instructions do not change the page preselect 
bits. 

Upon a RESET condition, PA<2:0> are cleared to "O's. 

4.6 File Select Register (FSR) 

PIC16C54/C55/C56 

Bits 0-4 select one of the 32 available file registers in the 
indirect addressing mode (that is, calling the INDF 
register in any of the file oriented instructions). 

Bits 5-7 of the FSA are read-only and are always read as 
•one•s. 

If no indirect addressing is used, the FSA can be used 
as a 5-bit wide general purpose register. 

PIC16C57 ONLY 

Bits 5 and 6 of the FSA select the current data memory 
bank (Figure 4.2. 1). 

The lower 16 bytes of each bank are physically identical 
and are always selected when bit 4 of the FSA (in case 
of indirect addressing) is •o•, or bit 4 of the direct file 
register address of the currently executing instruction is 
·o· (e.g. MOVWF 08). 

Only if bit 4 in the above mentioned cases is '1', bits 5 
and 6 of the FSA select one of the four available register 
banks with 16 bytes each. 

Bit 7 is read-only and is always read as 'one.' 
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5.0 110 REGISTERS {PORTS) 

The 1/0 registers can be written and read under program 
control like any other register of the register file. How
ever, 'read' instructions (e.g. MOVF PORTB,W) always 
read the 1/0 pins, regardless if a pin is defined as "input" 
or 'output.• Upon a RESET condition, all 1/0 ports are 
defined as "input' (= high impedance mode) as the 1/0 
control registers (TRISA, TRISB, TRISC) are all set to 
"ones.• 

The execution of a 'TRIS I' instruction with correspond
ing 'zeros' in the W-register is necessary to define any 
of the 1/0 pins as output. 

5.1 PORTA 

4-bit 1/0 register. Low order 4-bits only are used (RAO -
RA3). Bits 4- 7 are unimplemented and read as "zeros.' 

5.2 PORTB 

8-bit 1/0 register. 

PIC16C5X Series 

5.3 PORTC 

PIC16C55/C57: 8-bit 1/0 register. 

PIC16C54/C56: General purpose register. 

5.4 1/0 Interfacing 

The equivalent circuit for an 1/0 port bit is shown in 
Figure 5.4.1. All ports may be used for both input and 
output operations. For input operations these ports are 
non-latching. Any input must be present until read by an 
input instruction (e.g. MOVF PORTB, W). The outputs 
are latched and remain unchanged until the output latch 
is rewritten. To use a port pin as output, the correspond
ing direction control bit (in TRISA, TRISB, TRISC) must 
be set to zero. For use as an input, the corresponding 
TRIS bit must be 'one'. Any 1/0 pin can be programmed 
individually as input or output. 

FIGURE 5.4_ 1 - EQUIVALENT CIRCUIT FOR A SINGLE 1/0 PIN 

FROM -- o 
DATA 

BUS 
DATA 

LATCH 

a 

"WRITE" -CK ll f----.. 

TO DATA BUS 
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"READ" 

D Q 

1/0 
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LATCH 

"TRIS f" - CK SET a t--------1 

"RESET" 
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PIC16CSX Series 

5.5 VO Programming Considerations 

5.5.1 BIDIRECTIONAL 1/0 PORTS 

Some instructions operate internally as read followed by 
write operations. The SCF and SSF instructions, for 
example, read the entire port into the CPU, execute the 
bit operation and re-output the result. Caution must be 
used when these instructions are applied to a port where 
one or more pins are used as input/outputs. For ex· 
ample, a BSF operation on bit 5 of PORTS will cause all 
eight bits of f6 to be read into the CPU. Then the BSF 
operation takes place on bit 5 and PORTS is re-output 
to the output latches. If another bit of PORTS is used as 
a bidirectional 1/0 pin (say bit 0) and it is defined as an 
input atthis time, the input signal present on the pin itself 
would be read into the CPU and re-written to the data 
latch of this particular pin, overwriting the previous 
content. As long as the pin stays in the input mode, no 
problem occurs. However, if bit O is switched into output 
mode later on, the content of the data latch may now be 
unknown. 

FIGURE 5.5.2.1 - VO PORT READ/WRITE TIMING 

A pin actively outputting a 'O' or •1 •should not be driven 
from external devices at the same time in order to 
change the level on this pin ('wired-or', 'wired-and'). 
The resulting high output currents may damage the chip. 

5.5.2 SUCCESSIVE OPERATIONS ON 1/0 PORTS 

The actual write to an 110 port happens at the end of an 

instruction cycle, whereas for reading, the data must be 
valid atthe beginning of the instruction cycle (see Figure 
5.5.2.1 ). Therefore, care must be exercised if a write 
followed by a read operation is carried out on the same 
1/0 port. The sequence of instructions should be such to 
allow the pin voltage to stabilize (load dependent) before 
the next instruction which causes that file to be read into 

the CPU is executed. Otherwise, the previous state of 
that pin may be read into the CPU rather than the new 

state. When in doubt, it is better to separate these 
instructions with a NOP or an other instruction not 
accessing this 1/0 port. 

:~1~1m1~:~1~1m1~:~1~1m1~:~1~1m1~: Note: 

FC ~ FC ~ PC+1 ~ : PC+2 X PC+3 : 
Instruction r MOVWF PORTS r MOVF PORTS, W 1 NOP NOP 

fetched ' Write to PORTB • Read PORTS 

RB (7:0) ~' -------,.-----__.~:;~4;::::::::~:---_-_-_-_-_-_-_-_-_-_
: : IPortpin : 
, , samoled here . .......; ,.....- ' . 

Execute 'TPO Execute 
I MOVWF PORTS I MOVF PORTB, w I 
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Execute 
NOP 

This example showi 
write to PORTB followed 
by a read from PORTB. 
Note that the data setup 
time = (0.25 TCY - TPD) 
where TCY = instruction 
cycle. Therefore, at 
higher clock frequencies, 
write followed by a read 
may be problematic. 
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6.0 GENERAL PURPOSE REGISTERS 

PIC16C54/C55/C56: 

f08h - f1 Fh: are general purpose register files. 

PIC16C57 only: 

f08h - fOFh: 

f10h - f1 Fh: 

f20h - f2Fh: 
f30h - f3Fh: 

f40h - f4Fh: 
f50h - f5Fh: 

f60h - f6Fh: 
f70h - f7Fh: 

are general purpose register files which 
are always selected, independent of bank 
select. 
general purpose register files in memory 
bankO. 
physically identical to too- fOF. 
general purpose register files in memory 
bank 1. 
physically identical to fOO- fOF. 
general purpose register files in memory 
bank2. 
physically identical to too - fO. 
general purpose register files in memory 
bank3. 

7.0 SPECIAL PURPOSE REGISTERS 

7.1 W Working Register 

Holds second operand in two operand instructions and/ 
or supports the internal data transfer. 

FIGURE 7.5.1 - OPTION REGISTER 

4 3 2 0 

[ ATS l RTE] PSA l Ps2 J PS1 l PSO 

\ I 

PRESCALER VALUE 

0 0 0 
0 0 1 
0 1 0 
0 1 
1 0 0 

0 1 
0 

7.2 TRISA 

PIC16C5X Series 

VO Control Register For 
PORTA 

Only bits O - 3 are available. The corresponding 1/0 port 
(f5) is only 4-bit wide. 

7.4 TRISC 

VO Control Register For 
PORTB 

1/0 Control Register For 
PORTC 

The 1/0 control registers will be loaded with the content 
of the W register by executing of the TRIS f instruction. 
A "1' in the 1/0 control register puts the corresponding 
110 pin into a high impedance mode. A 'O' puts the 
contents of file register PORTA, PORTB, or PORTC, 
respectively, out on the selected 1/0 pins. 
These registers are 'write-only' and are set to all 'ones' 
upon a RESET condition. 

7.5 OPTION Prescaler/RTCC Option 
Register 

Defines prescaler assignment (RTCC or WOT), pres
calervalue, signal source and signal edge for the RTCC. 
The OPTION register is 'write-only" and is 6-bit wide. 
By executing the "OPTION' instruction, the contents of 
the 'W' register will be transferred to the option register. 
Upon a RESET condition, the option register is set to all 
'ones.' 

RESETVALUE: 111111b 

RTCC RATE WOT RATE 

1 : 2 1 : 1 
1 : 4 1 : 2 
1 : 8 1 : 4 
1 : 16 1 : 8 
1 : 32 1 : 16 
1 : 64 1 : 32 
1 : 128 1 : 64 
1 : 256 1 : 128 

'--------- PRESCALER ASSIGNMENT BIT: 
0 .... RTCC 
1 .... WOT 

'----------- RTCC SIGNAL EDGE: 
0 .... INCREMENT ON LOW·TO·HIGH TRANSITION ON RTCC PIN 
1 .... INCREMENT ON HIGH-TO-LOW TRANSITION ON RTCC PIN 

'------------- RTCC SIGNAL SOURCE: 
0 .... INTERNAL INSTRUCTION CYCLE CLOCK (CLKOUT) 
1 .... TRANSITION ON RTCC PIN 
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8.0 RESET CONDITION 
A RESET condition can be caused by applying power to 
the chip (power-up), pulling the MCLR input 'low', or by 
a Watchdog Timer timeout. The device will stay in 
RESET as long as the oscillator start-up timer (OST) is 
active or the MCLR input is 'low.• 

The oscillator start-up timer is activated as soon as 
MCLR input is sensed to be high. This implies that in 
case of Power-On Reset with MCLR tied to Voe the OST 
starts from power-up. In case of WDT time-out, it will 
start at the end of the time-out (since MCLR is high). In 
case of MCLR reset, the OST will start when MCLR goes 
high. The nominal OST time-out period is 18ms. See 
Section 13.0 for detailed information on OST and power 
on reset. 

During a RESET condition the state of the PIC16C5X is 
defined as: 

• The oscillator is running, or will be started (power
up or wake-up from SLEEP). 

• All 1/0 port pins (RAO - RA3, ABO - RB7, RCO - RC7) 
are put into the high-impedance state by setting the 
'TRIS' registers to all "ones'(= input mode). 

• The Program Counter is set to all "ones' (1 FFh in 
PIC16C54/55, 3FFh in PIC16C56 and 7FFh in 
PIC16C57). 

• The OPTION register is set to all 'ones". 
• The Watchdog Timer and its prescaler are cleared. 
• The upper-three bits (page select bits) in the 

STATUS Register are cleared to 'zero.' 
• 'RC" devices only: The "CLKOUT" signal on the 

OSC2 pin is held at a"low" level. 

9.0 PRESCALER 
An 8-bit counter is available as a prescalerforthe RTCC, 
or as a post-scaler for the Watchdog Timer, respectively 
(Figure 9.0.1 ). For simplicity, this counter is being re
ferred to as 'prescaler' throughout this data sheet. Note 
that there is only one prescaler available which is mutu
ally exclusively shared between the RTCC and the 
Watchdog Timer. Thus, a prescaler assignment for the 
RTCC means thatthere is no prescalerforthe Watchdog 
Timer, and vice-versa. 

The PSA and PSO-PS2 bits in the OPTION register 
determine the prescaler assignment and pre-scale ratio. 
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When assigned to the RTCC, all instructions writing to 
the RTCC (e.g. CLRF RTCC, MOVWF RTCC, BSF 
RTCC,x .... etc.) will clear the prescaler. When assigned 
to WDT, a CLRWDT instruction will clear the prescaler 
along with the Watchdog Timer. 

9.1 Switching Prescaler Assignment 

CHANGING PRESCALER FROM RTCC TO WDT 

The prescaler assignment is fully under software con
trol, i.e., it can be changed 'on the fly' during program 
execution. To avoid an unintended device RESET, the 
following instruction sequence must be executed when 
changing the prescaler assignmentfrom RTCC to WDT: 

1. MOVLW B'xxOXOxxx' 
2. OPTION 

3. CLRF 1 
4. MOVLW B'xxxx1 xxx' 

5. OPTION 
6. CLRWOT; 

f7. MOVLW B'xxxx1xxx' 
La. OPTION 

; Select internal clock and select new 
; prescaler value. If new prescale value 
; is = '000' or '001 ', then select any other 
; prescale value temporarily. 
; Clear RTCC and~-
; Select WOT, do not change prescale 
; value. 

Clears WOT and~-
; Select new prescale value. 

Steps 1 and 2 are only required if an external RTCC 
source is used. Steps 7 and 8 are necessary only if the 
desired prescale value is '000' or '001 '. 

CHANGING PRESCALER FROM WOT TO RTCC 

To change prescaler from WDTto RTCC use the follow
ing sequence: 

1. CLRWOT; Clear WOT and mescalfil 
2. MOVLWB'xxxxOxxx' ; Select RTCC, new prescale value 

; and clock source 
3. OPTION 

© 1994 Microchip Technology Inc. 
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FIGURE 9.0.1 - BLOCK DIAGRAM RTCC/WDT PRESCALER 
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10.0 BASIC INSTRUCTION SET 
SUMMARY 

Each PIC16C5X instruction is a 12-bit word divided into 
an OPCODE which specifies the instruction type and 
one or more operands which further specify the opera
tion of the instruction. The PIC16C5X instruction set 
summary in Table 10.0.1 lists byte-oriented, bit-ori
ented, and literal and control operations. 

For byte-oriented instructions, 'f' represents a file regis
ter designator and 'd" represents a destination designa
tor. The file register designator specifies which one of 
the 32 PIC16C5X file registers is to be utilized by the 
instruction. For the PIC16C57, bits 5 and 6 in the FSR 
determine the selected register bank. 

The destination designator specifies where the result of 
the operation is to be placed. If "d' is zero, the result is 
placed in the W register. If 'd" is one, the result is placed 
in the file register specified in the instruction. 

For bit-oriented instructions, 'b" represents a bit field 
designator which selects the number of the bit affected 
by the operation, while 'f" represents the number of the 
file in which the bit is located. 

For literal and control operations, 'k' represents an 8- or 
9-bit constant or literal value. 

All instructions are executed within one single instruc
tion cycle, unless a conditional test is true or the program 
. counter is changed as a result of an instruction. In this 
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Note: RTE, RTS, PSA, PSO-PS2 
are bits in the OPTION register. 

case, the execution takes two instruction cycles. One 
instruction cycle consists offouroscillator periods. Thus, 
for an oscillator frequency of 4 MHz, the normal instruc
tion execution time is 1 µsec. If a conditional test is true 
or the program counter is changed as a result of an 
instruction, the instruction execution time is 2 µsec. 

Notes to Table 10.0.1 

Note 1: The ninth bit of the program counter will be 
forced to a 'zero' by any instruction that writes 
to the PC except for GOTO (e.g. CALL, 
MOVWF PC etc.). See Section 4.3 on page 8 
for details. 

Note 2: When an 1/0 register is modified as a function of 
itseH ( e.g. MOVF PORTB, 1 ), the value used 
will be that value present on the pins them
selves. For example, if the data latch is '1' for 
a pin configured as output and is driven low by 
an external device, the data will be written back 
witha'O'. 

Note 3: The instruction 'TRIS f' , where f = 5,6, or 7 
causes the contents of the W register to be 
written to the tristate latches of the specified file 
(port). A "one' forces the pin to a high imped
ance state and disables the output buffers. 

Note 4: If this instruction is executed on file register 
RTCC (and, where applicable, d=1 ), the pres
caler will be cleared if assigned to the RTCC . 
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TABLE 10.0.1 - INSTRUCTION SET SUMMARY 

(11-6) (5) (4-0) 
BYTE -ORIENTED FILE REGISTER OPERATIONS 

I OPCODE I d I f{FILE #) I 
d = O for destination W 
d = 1 for destination f 

Instruction-Binary (Hex) Name Mnemonic, Operands Operation Status Affected Notes 

0001 lldf fff f lCf Add Wand f AOOWF f, d W+f~d C,DC,Z 1,2,4 
0001 Oldf ffff 14f AND Wand f ANDWF f, d W&f~d z 2,4 
0000 Ollf ffff 06f Clearf CLRF f O~f z 4 
0000 0100 0000 040 Clearw CLRW - o~w z 
0010 Oldf ffff 24f Complement f COMF f, d f~d z 2,4 
0000 lldf ffff OCf Decrement f DECF f, d f-1 ~d z 2,4 
0010 lldf ffff 2Cf Decrement f,Skip if Zero DECFSZ f, d f - 1 ~ d, skip if zero None 2,4 
0010 lOdf fff f 28f Increment f INCF f, d f+1 ~d z 2,4 
0011 lldf ffff 3Cf Increment f,Skip if zero INCFSZ f, d f+ 1 ~d. skip if zero None 2,4 
0001 ODdf fff f lOf Inclusive OR Wand f IORWF f, d Wvf~d z 2,4 
0010 OOdf ffff 20f Move f MOVF f, d f~d z 2,4 
0000 DDlf ffff D2f Move Wtof MOVWF f w~f None 1,4 
0000 0000 0000 ODO No Operation NOP . - None 
0011 Dldf ffff 34f Rotate left f RLF f, d f(n) ~ d(n+ 1 ), C ~ d(O), f(7) ~ C c 2,4 
0011 DDdf ffff 3Df Rotate right f RRF f, d f(n) ~ d(n-1), C ~ d(7), f(O) ~ C c 2,4 
0000 lDdf ffff 08f Subtract W from f SUBWF f, d f - W ~ d [f + W + 1 ~ d] C,DC,Z 1,2,4 
0011 lOdf ffff 38f Swap halves f SWAPF f, d f(Q-3) H f(4-7) ~ d None 2,4 
0001 lOdf ffff 18f Exclusive OR W and f XORWF f, d Wf!J f~d z 2,4 

(11-8) (7-5) (4-0) 
BIT· ORIENTED FILE REGISTER OPERATIONS 

I OPCODE I b(BIT #)I f(FILE#) I 

lnstructlon·Blnary (Hex) Name Mnemonic, Operands Operation Status Affected Notes 

0100 bbbf ffff 4bf Bit Clear f BCF f, b O~f(b) None 2,4 
0101 bbbf ffff 5bf Bit Set f BSF f, b 1 ~f(b) None 2,4 
0110 bbbf ffff 6bf Bit Test f,Skip if Clear BTFSC f, b Test bit (b) in file (f): Skip if clear None 
0111 bbbf ff ff 7bf Bit Test f, Skip if Set BTFSS f, b Test bit (b) in file (f): Skip if set None 

(11-8) (7-0) 
LITERAL AND CONTROL OPERATIONS I OPCODE I k (LITERAL) I 

Instruction-Binary (Hex) Nam a Mnemonic, Operands Operation Status Affected Notes 

1110 kkkk kkkk Ekk AND Literal and W ANDLW k k&W~W z 
1001 kkkk kkkk 9kk Call subroutine CALL k PC + 1 ~ Stack, k ~ PC None 1 
0000 0000 0100 004 Clear Watchdog timer CLRWDT • O ~ WDT (and prescaler, if assigned) TO,PD 
!Olk kkkk kkkk Akk Go To address (k is 9 bit) GOTO k k ~ PC (9 bits) None 
1101 kkkk kkkk Dkk Incl. OR Literal and W IORLW k kvw~w z 
110 0 kkkk kkkk Ckk Move Literal to W MOVLW k k~W None 
0000 0000 0010 002 Load OPTION register OPTION - W ~ OPTION register None 
1000 kkkk kkkk 8kk Return.place Literal in W RETLW k k ~ W, Stack~ PC None 
0000 0000 0011 003 Go into standby mode SLEEP - 0 ~ WDT, stop oscillator TO,PD 
0000 0000 Dfff DDf Tristate port f TRIS f w~ 1/0 control register f None 3 
1111 kkkk kkkk Fkk Exel. OR Literal and W XORLW k kf!JW~W z 

Notes: See previous page 
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10.1 Instruction Description 

ADDWF 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

ADDWtof 

ADDWF f,d 

I 0001 I lldf I ffff 

1 

1 

(W+f)--td 

Status bits: C, DC, Z 

Description: Add the contents of the W register to 
register "I". If "d" is 0 the result is stored 
in the W register. If "d" is 1 the result is 
stored back in register "I". 

ANDLW AND Literal and W 

Syntax: 

Encoding: 

Words: 

ANDLW k 

11110 I kkkk I kkkk 

1 

Cycles: 1 

Operation: (W .AND. k) --t W 

Status bits: Z 

Description: The contents of W register are AND'ed 
with the 8-bit literal "k". The result is 
placed in the W register. 

ANDWF 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

Description: 

BCF 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

ANDWwithf 

ANDWF f,d 

I 0001 I Oldf I ffff 

1 

1 

(W .AND. f) --t d 

z 
AND the W register with register"!". If "d" 
is 0 the result is stored in the W register. 
If "d" is 1 the result is stored back in 
register "I". 

Bit Clear f 

BCF f,b 

I 0100 I bbbf I ffff 

1 

0 --t f(b) 

None 

Description: Bit "b" in register "I" is reset to O. 

BSF 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

PIC16CSX Series 

Bit Setf 

BSF f,b 

I 0101 I bbbf I ffff 

1 

1 

1 --t f(b) 

None 

Description: Bit "b" in register "I" is set to 1. 

BTFSC 

Syntax: 

Encoding: 

Words: 

Bit Test. skip if Clear 

BTFSC f,b 

I 0110 I bbbf I ffff 1 
1 

Cycles: 1 (2) 

Operation: skip if f(b) = O 

Status bits: None 

Description: If bit "b" in register "I" is •o• then the next 
instruction is skipped. 

BTFSS 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

Description: 

CALL 

Syntax: 

Encoding: 

Words: 

Cycles: 

lfbit"b"is"O", thenext instruction, fetched 
during the current instruction execution, 
is discarded and a NOP is executed in
stead making this a two-cycle instruction. 

Bit Test. skip if Set 

BTFSS f,b 

I 0111 I bbbf I ffff 

1 

1 (2) 

skip if f(b) = 1 

None 

If bit "b" in register "I" is "1" then the next 
instruction is skipped. 

If bit 'b' is '1 ',the next instruction, fetched 
during the current instruction execution, 
is discarded and a NOP is executed in· 
stead making this a two-cycle instruction. 

Subroutine Call 

CALL 

I 1001 

1 

2 

k 

I kkkk I kkkk I 

Operation: PC + 1 --t TOS; k --t PC<7:0>, 
'O' --t PC<B>, PA2, PA1, PAO--t 
PC<11:9>; 

Status bits: None 
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Description: 

CLRF 

Subroutine call. First, return address (PC. 
+ 1) is pushed into the stack. The eight bit 
value .is loaded into PC bits <7:0>. PC bit 
8 is cleared. PA <2:0> bits are loaded into 
PC <11 :9>. CALL is a two cycle instruc
tion. 

Clearf 

Syntax: CLRF f 

Encoding: I 0000 I Ollf I ffff 

Words: 

Cycles: 

Operation: OOh-+ f 

Status bits: Z 

Description: The contents of register "f' are set to 0. 

CLRW 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

Clear W Register 

CLAW 

1 0000 1 0100 I 0000 

OOh-+W 

z 
Description: W registered is cleared. Zero bit (Z) is set 

CLRWDT Clear Watchdog Timer 

Syntax: CLRWDT 

Encoding: I 0000 I 0000 I 0100 I 
Words: 

Cycles: 

Operation: OOh -+WOT, O -+WOT prescaler, 

Status bits: 1 -+ TO, 1 -+ PD 

Description: CLRWDTinstruction resetsthe Watchdog 
Timer.It also resets the prescaler of the 
WOT. Status bits TO and PD are set 

COMF Complement f 

Syntax: COMF f,d 

Encoding: I 0010 l Oldf I ffff 

Words: 

Cycles: 

Operation: f-+ d 

Status bits: Z 

Description: The contents of register "f' are comple
mented. If "d" is o the result is stored in W. 
If "d" is 1 the result is stored back in 
register "f'. 
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DECF Decrement f 

Syntax: 

Encoding: 

DECF f,d 

I 0000 I ndf ffff 

Words: 

Cycles: 1 

Operation: (f-1)-+ d 

Status bits: Z 

Description: Decrement register "f'. If "d" is O the result 
is stored in the W register. If "d" is 1 the 
result is stored back in register "f'. 

DECFSZ Decrement f. skip if O 

Syntax: DECFSZ f,d 

Encoding: I 0010 I 11df I ffff 

Words: 1 

Cycles: 1 (2) 

Operation: (f - 1) -+ d; skip if result = O 

Status bits: None 

Description: The contents of register "f' are decre
mented. If "d" is O the result is placed in 
the W register. If "d" is 1 the result is 
placed back in register "f'. If the result is 
O the next instruction is skipped. 

If the result is o, the next instruction, 
which is already fetched, is discarded. A 
NOP is executed instead making it a two
cycle instruction. 

GOTO Unconditional Branch 

Syntax: GOTO k 

Encoding: I 101k I kkkk I kkkk I 
Words: 

Cycles: 2 

Operation: k-+ PC<8:0>, PA2, PA1, PAO 

-+ PC<11 :9>; 

Status bits: None 

Description: The low order nine bits come from the 
immediate value. The upper-three bits 
are loaded from the PA <2:0> bits in the 
STATUS register. 

INCF 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

lncrementf 

INCF f,d 

I 0010 i 1odf I ffff 

1 

(f+ 1)-+d 

z 
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Description: 

INCFSZ 

Syntax: 

Encoding: 

Words: 

The contents of register "f' are incre
mented. If "d" is O the result is placed in 
the W register. If "d" is 1 the result is 
placed back in register "f'. 

Increment f. skip if O 

INCFSZ f,d 

I 0011 I 11af ffff 

Cycles: 1 (2) 

Operation: (f + 1) ~ d, skip if result= O 

Status bits: None 

Description: The contents of register "f' are incre
mented. If "d" is O the result is placed in 
the W register. If "d" is 1 the result is 
placed back in register "f'. If the result is 
O the next instruction is skipped. 

IORLW 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

If the result is 0, the next instruction, 
which is already fetched, is discarded. A 
NOP is executed instead making it a two
cycle instruction. 

Inclusive OR Literal with W 

IORLW k 

I 1101 lkkkk I kkkk 

1 

1 

(W.OR.k)~W 

z 
Description: The contents of the W register are OR'ed 

with the 8-bit literal "k". The result is 
placed in the W register. 

IORWF Inclusive OR W with f 

Syntax: IORWF f,d 

Encoding: I 0001 j OOdf j ffff I 
Words: 1 

Cycles: 

Operation: 

Status bits: 

Description: 

1 

(W .OR.f)~d 

z 
Inclusive OR the W register with register 
"f'. If "d" is O the result is stored in the W 
register. If "d" is 1 the result is stored back 
in register "f'. 
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MOVF 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

PIC16CSX Series 

Movef 

MOVF 

I 0010 

1 

1 

(f)~d 

z 

f,d 

OOdf I ffff 

Description: The contents of register 'f' are moved. If 
'd' is O the result is placed in the W 
register. If 'd' is 1 the result is placed 
back in register 'f". 

MOVLW Move Literal to W 

Syntax: MOVLW k 

Encoding: I 1100 I kkkk I kkkk 

Words: 

Cycles: 

Operation: k ~ W 

Status bits: None 

Description: The 8-bit literal "k" is loaded into W register. 

MOVWF 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

Description: 

NOP 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

Description: 

OPTION 

Syntax: 

Encoding: 

Words: 

Cycles: 

MoveWtof 

MOVWF 

I 0000 I OOlf I ffff 

1 

W~f 

None 

Move data from W register to register "f'. 

No Ooeration 

NOP 

I 0000 I 0000 0000 

1 

No operation 

None 

No operation 

Load Option Register 

OPTION 

I 0000 I 0000 0010 

1 

Operation: W ~ OPTION; 

Status bits: None 

Description: The contents of the W register is loaded in 
the OPTION register. 
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RETLW Return Literal to W 

Syntax: RETLW k 

Encoding: I 1000 I kkkk I kkkk 

Words: 

Cycles: 2 

Operation: k ~ W; TOS ~ PC; 

Status bits: None 

Description: The W register is loaded with the eight bit 
literal "k". The program counter is loaded 
from the top of the stack (the return 
address). This is a two-cycle instruction. 

RLF 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

Description: 

RAF 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

Description: 

SLEEP 

Syntax: 

Encoding: 

Words: 

Cycles: 

Rotate Left f through Carry 

ALF f,d 

I 0011 I Oldf I ffff 

1 

f<n> ~ d<n+1>, f<7>-t C, C ~ d<O>; 

c 
The contents of register "f" are rotated 
one bit to the left through the Carry Flag. 
If "d" is o the result is placed in the W 
register. If "d" is 1 the result is stored back 
in register "f". 

Rotate Right f through Carry 

RAF f,d 

joo11 j OOdf j ffff 

1 

f<n> ~d<n-1>, f<O> ~c. C~d<7>; 

c 
The contents of register "f" are rotated 
one bit to the right through the Carry Flag. 
If "d" is O the result is placed in the W 
register. If "d" is 1 the result is placed 
back in register "f". 

SLEEP 

I 0000 I 0000 I 0011 

1 

Operation: O ~ PD, 1 ~TO; 
OOh ~ WOT, 0 ~WOT prescaler; 

Status bits: TO, PD 

Description: The power-down status bit (PD) is cleared. 
Time-out status bit (TO) is set. Watchdog 
Timer and its prescaler are cleared. 
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SUBWF 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

The processor is put into SLEEP mode 
with the oscillator stopped. See section 
on SLEEP mode for more details. 

Subtract W from f 

SUBWF f,d 

I 0000 i 1odf 1 ffff 

1 

(f-W) ~d 

C,DC,Z 

;SUBWF Example #1 

' clrf Ox20 
movlw 1 
subwf Ox20 

' 

;f{20h)=0 
;wreg=l 
;f(20h)=f(20h)-wreg=O-l=FFh 
;Carry=O; Result is negative 

;SUBWF Example #2 

' movlw OxFF 
movwf Ox20 
clrw 
subwf Ox20 
O=FFh 

Description: 

SWAPF 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

Description: 

TRIS 

Syntax: 

Encoding: 

Words: 

Cycles: 

;f (20h)=FFh 
;wreg=O 
;f (20h)=f(20h)-wreg=FFh-

;Carry=l:Result is positive 

Subtract (2's complement method) the W 
register from register "f". If "d" is O the 
result is stored in the W register. If "d" is 
1 the result is stored back in register "f". 

Swapf 

SWAPF f,d 

I 0011 j 1odf I ffff 

1 

f<0:3> ~ d<4:7>, f<4:7> -t d<0:3>; 

None 

The upper and lowernibbles of register"f" 
are exchanged. If "d" is 0 the result is 
placed in W register. If "d" is 1 the result 
is placed in register "f". 

Load TRIS Register 

TRIS I 

I 0000 I 0000 I Offf I 
1 

Operation: W ~ TRIS register f; 

Status bits: None 

Description: TRIS register! (I= 5, 6 or7) is loaded with 
the contents of the W register. 
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XORLW 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

Exclusive OR literal with W 

XORLW k 

I 1111 I kkkk I kkkk I 
1 

1 

(W .XOR. k) ~ W 

z 
Description: ThecontentsoftheWregisterare XOR'ed 

with the 8-bit literal "k". The result is 
placed in the W register. 

XORWF 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

Exclusive OR W with f 

XORWF l,d 

I 0001 I lOdf I ffff 
1 

(W .XOR. I) ~ d 

z 
Description: Exclusive OR the contents of the W reg· 

ister with register "I". If "d" is O the result 
is stored in the W register. If "d" is 1 the 
result is stored back in register "I". 

11.0 WATCHDOG TIMER (WOT) 

The Watchdog Timer is realized as a free running on· 
chip RC oscillator which does not require any external 
components. That means that the WDT will run, even if 
the clock on the OSC1/0SC2 pins of the device has 
been stopped, for example, by execution of a SLEEP 
instruction. A WDT timeout generates a device RESET 
condition. The WDT can be permanently disabled by 
programming a "zero" into a special EPROM fuse which 
is not part of the normal program memory EPROM. 

11.1 WOT Period 

The WDT has a nominal time-out period of 18ms, (with 
no prescaler). The time-out periods vary with tempera· 
ture, Voo and process variations from part to part (see 
DC specs). If longer time-out periods are desired, a 
prescaler with a division ratio of up to 1:128 can be 
assigned to the WDT under software control by writing 
to the OPTION register. Thus, time-out periods up to 2.5 
seconds can be realized. 

The "CLRWDT" and "SLEEP" instructions clear the 
WDT and the prescaler count, ii assigned to the WDT, 
and prevent it from timing out and generating a device 
RESET condition. 

The status bit, TO, in the STATUS register, will be 
cleared upon a Watchdog Timer timeout. 
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The WDT period is a function of the supply voltage, 
operating temperature, and will also vary from unit to unit 
due to variations in the manufacturing process. Please 
refer to the graphs in Section 18.0 and DC specs for 
more details. 

11.2 WOT Programming Considerations 

It should also be taken in account that under worst case 
conditions (Voo =Min., Temperature= Max., max. WDT 
prescaler) it may take several seconds before a WDT 
timeout occurs. 

12.0 OSCILLATOR CIRCUITS 

12.1 Oscillator Types 

The PIC16C5X series is available with four different 
oscillator options. On windowed devices, a particular 
oscillator circuit can be selected by programming the 
configuration EPROM accordingly. On OTP and OTP 
devices, the oscillator configuration is programmed by 
the factory and the parts are tested only to the according 
specifications. 

12.2 Crystal Oscillator 

The PIC16C5X·XT, ·HS, or LP needs a crystal or ce· 
ramie resonator connected to the OSC1 and OSC2 pins 
to establish oscillation (Figure 12.2.1). XT =Standard 
crystal oscillator, HS= High speed crystal oscillator. The 
series resistor RS may be required for the "HS" oscilla· 
tor, especially at lower than 20 MHz oscillation Ire· 
quency. It may also be required in XT mode with AT 
strip-cut type crystals to avoid overdriving. 

12.3 RC Oscillator 

For timing insensitive applications the "RC" device op
tion offers additional cost savings. The RC oscillator 
frequency is a function of the supply voltage, the resistor 
(Rext) and capacitor (Cext) values and the operation 
temperature. In addition to this, the oscillator frequency 
will vary from unit to unit due to normal process param· 
etervariation. Furthermore, the difference in lead frame 
capacitance between package types will also affect the 
oscillation frequency, especially for low Cext values. 
The user also needs to take into account variation to due 
tolerance of external Rand C components used. Figure 
12.3.1 shows how the RIC combination is connected to 
the PIC16C5X. For Rext values below 2.2 kOhm, the 
oscillator operation may become unstable, or stop com
pletely. For very high Rext values (e.g. 1 MOhm), the 
oscillator becomes sensitive to noise, humidity and 
leakage. Thus, we recommend to keep Rext between 5 
kOhm and 100 kOhm. 

Although the oscillator will operate with no external 
capacitor (Cext = O pF), we recommend using values 
above 20 pF for noise and stability reasons. With no or 
small external capacitance, the oscillation frequency 
can vary dramatically due to changes in external capaci· 
lances, such as PCB trace capacitance or package lead 
frame capacitance. 
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See the table in Section 18.0 for RC frequency variation 
from part to part due to normal process variation. The 
variation is larger for larger R (since leakage current 
variation will affect RC frequency more for large R) and 
for smaller C (since variation of input capacitance will 
affect RC frequency more). 

See characteristics in Section 18.0 for variation of oscil
lator frequency due to Voo for given Rext/Cext values as 
well as frequency variation due to operating temperature 
for given R, C and Voo values. 

The oscillator frequency, divided by 4, is available on the 
OSC2/CLKOUT pin, and can be used for test purposes 
or to synchronize other logic (see Figure 2.2.1 for 
liming). 

Higher capacitance increases the stability of oscillator 
but also increases the start-up lime. These values are 
for design guidance only. Since each resonator has its 
own characteristics, the user should consult the resona
tor manufacturer for appropriate values of external com
ponents. 

FIGURE 12.2.1 - CRYSTAL OPERATION 
(OR CERAMIC RESONATOR) 
(HS, XT OR LP TYPES ONLY) 

OSC1 

Rs may be raquii&d in HS and XT modes foi AT stiip-cut 
crystals to avoid overdriving. See Tables 12.2.1 and 12.2.2 
for recommended values of C1, C2 per oscillator type and 
frequency. 

TABLE 12.2.1- CAPACITOR SELECTION 
FOR CERAMIC 
RESONATORS 

Oscillator Resonator Capacitor Range 
Type Frequency C1 =C2 

XT 455 KHz 150 - 330 pF 
2.0 MHz 20-330 pF 
4.0 MHz 20-330_Qf 

HS 8.0MHz 20-200 pF 
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FIGURE 12.2.2 - EXTERNAL CLOCK INPUT 
OPERATION (HS, XT, or LP 
TYPES ONLY) 

CLOCK FROM 
EXT.SYSTEM 

OPEN OSC2 

PIC16C5X 

TABLE 12.2.2- CAPACITOR SELECTION FOR 
CRYSTAL OSCILLATOR 

Osc Freq C1 C2 
Type 

LP 32KHz 15...llf 15...llf 
XT 100 KHz 15 - 30 pF 200-300 pF 

200 KHz 15 - 30 pF 100-200 pF 
455 KHz 15 - 30 pF 15-100pF 

1 MHz 15- 30 pF 15-30pF 
2MHz 15 pF 15 pF 
4MHz 15..Qf 15..Qf 

HS 4MHz 15 pF 15 pF 
8MHz 15 pF 15 pF 

20MHz 15 pF 15 pF 

Higher capacitance increases the stability of oscillator 
but also increases the start-up time. These values are 
for design guidance only. Rs may be required in HS 
mode as well as XT mode to avoid overdriving crystals 
with low drive level specification. Since each crystal has 
its own characteristics, the user should consult the 
crystal manufacturer for appropriate values of external 
components. 

FIGURE 12.3.1 ·RC OSCILLATOR 
(RC TYPE ONLY) 

Vro 

Rext 

Cext I 
Vss -= 

Internal 
clock 

PIC16C5XRC 

------! OSC2/CLKOUT 
Fosc/4'"-"-""-'-~~~'--~~~~~ 

© 1994 Microchip Technology Inc. 



FIGURE 13.1.1 - EXTERNAL POWER 
ON RESET CIRCUIT 

Voo 

of A 

R1 
MCLR 

IC PIC16C5X 
Notes: = 
1. External power on reset circuit is required only H Voe 

power-up slope is too slow or if a low frequency 
crystal oscillator is being used that need a long 
start-up time. The diode D helps discharge the 
capacitor quickly when VDD powers down. 

2. A < 40 KO must be observed to make sure that 
voltage drop across A does not exceed 0.2 V (max 
leakage current spec on MCLR pin is 5 µA~ 
larger voltage drop will degrade V H level on MCLR 
pin. 

3. R1= 1000 to 1KQ will limit any current flowing 
into MCLR from external capacitor C in the 
event of MCLR pin breakdown due to ESD or 
EOS. 

FIGURE 13.1.2- BROWN OUT PROTECTION 
CIRCUIT 

Notes: 
1. This circuit will activate reset when VDD goes 

below ryz + 0.7 V) where Vz = Zener voltage. 

FIGURE 13.1.3- BROWN OUT PROTECTION 
CIRCUIT 

Notes: 
1. This brown circuit is less expensive, albeit less 

accurate. Transistor 01 turns off when VDD is 
below a certain level such that: 

VDD• _R_l_ =0.7V. 
R1 +R2 
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13.0 OSCILLATOR START-UP TIMER 
(OST) 

Oscillator circuits based on crystals or ceramic resona
tors require a certain time after power-up to establish a 
stable oscillation. An on-chip oscillator start-up timer is 
provided which keeps the device in a RESET condition 
for approximately 18ms after the voltage on the MCLR 
pin has reached a logic high (VIHMC) level. Thus, 
external RC networks connected to the MCLR input are 
not required in most cases, allowing for savings in cost
sensitive and/or space restricted applications . 

The OST will also be triggered upon a Watchdog Timer 
timeout. This is particularly important for applications 
using the WDT to awake the PIC16C5X from SLEEP 
mode automatically. 

The OST is not adequate for low frequency crystals 
which require much longer than 18ms to start-up and 
stabilize. 

13.1 Power-On Reset (POR) 

The PIC16C5X incorporates an on chip Power-On Re
set (POR) circuitry which provides internal chip reset for 
most power-up situations. To use this feature the user 
merely needs to tie MCLR pin to Voo. A simplified block 
diagram of the on-chip power on reset circuit is shown in 
Figure 13.1.4. The Power-On Reset circuit and the 
oscillator start-up timer circuit are closely related. On 
power-up the reset latch is set and the start-up timer (see 
Figure 13.1.4) is reset. The start-up timer begins count
ing once it detects MCLR to be high. After the time-out 
period, which is typically 18ms, it will reset the reset
latch and thus end the on-chip reset signal. 

Figures 13.1.5 and 13.1.6 are two power-up situations 
with relatively fast rise time on Voo. In Figure 13.1.5, 
Voo is allowed to rise and stabilize before bringing 
MCLR high. The chip will actually come out of reset 
!OST ms after MCLR goes high. In Figure 13.1.6, the on 
chip Power-On Reset feature is being utilized (MCLR 
and Voo are tied together). The Voo is stable before the 
start-up timer times out and there is no problem in getting 
a proper reset. Figure 13.1.7 depicts a potentially 
problematic situation where Voo rises too slowly. In this 
situation, when the start-up timer times out, Voo has not 
reached the Voo (min) value and the chip is, therefore, 
not guaranteed to function correctly. 

To summarize, the on-chip Power-On Reset is guaran
teed to work if the rate of rise of Voo is no slower than 
0.05 Vims. It is also necessary that the Voo starts from 
OV. The on-chip Power-On Reset is also not adequate 
for low frequency crystals which require much longer 
than 18ms to start-up and stabilize. For such situations, 
we recommend that external RC circuits are used for 
longer Power-On Reset. 
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FIGURE 13.1.4 ·SIMPLIFIED POWER ON RESET BLOCK DIAGRAM 

VDO 

MCLR 
PIN 

POWER-UP 
DETECT 

ON-CHIP 
RCOSC 

POR (POWER-ON RESET) 

WOT TIME-OUT 

.----------.RESET 
1------tS Q 

8-BIT ASYNCH 
RIPPLE COUNTER 
(START-UP TIMER) 

1------1 R Ot------
CHIP RESET 

FIGURE 13.1.5 ·USING EXTERNAL RESET INPUT 

Voo 

INTERNAL POR 

y 
===::::~-----~~,;--------'~ ! : 

! 
Unote1 

i i 
l 1 !-!OST--'.! r-IOST~ ' , r 

OST TIME-OUT i 

-~~~~~~~~~~~--'__.~i ~~~~' -INTE-=RN_AL_R=E=sET= · ·· 

Note 1: The lost time-out is invoked every time the chip comes out of reset. 

FIGURE 13.1.6. USING ON-CHIP POR (FAST Voo RISE TIME) 

Voe 

MCLR 

INTERNAL POR 

'4--------roST---+1~----------------
0STTIME-OUT ------------~ 

INTERNAL RESET 
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FIGURE 13.1.7- USING ON-CHIP POR (SLOW Yoo RISE TIME) 

5V 

Voo OV 

INTERNAL POR r-tOST-1 
;--~~~~~~~~~~~~~~~~ 

OST TIME-OUT 

When \Alo rises slowly, the internal time-out period expires long before Voo has reached its final 
value. In this example, the chip will reset property if, and only if, V1~ VDDMIN. 

14.0 POWER DOWN MODE (SLEEP) 

The power-down mode is entered by executing a SLEEP 
instruction. 

If enabled, the Watchdog Timer will be cleared but keeps 
running, the bit PD in the STATUS register is cleared, the 
TO bit is set, and the oscillator driver is turned off. The 
1/0 ports maintain the status they had, before the SLEEP 
command was executed (driving high, low, or hi-imped
ance). 

For lowest current consumption in this mode, all 1/0 pins 
should be either at Voo, or Vss, with no external circuitry 
drawing current from the 1/0 pin. 1/0 pins that are in the 
High-Z mode should be pulled high or low externally to 
avoid switching currents caused by floating inputs. The 
RTCC input should also be at Voo or Vss for lowest 
current consumption. 

The fVfC[R pin must be at VIHMC. 

14.1 Wake-Up 

The device can be awakened by a Watchdog Timer 
timeout (ii it is enabled) or an externally applied "low' 
pulse atthe tvfC[Rpin. In both cases the PIC16C5Xwill 
stay in RESET mode for one oscillator start-up timer 
period (triggered from rising edge on fVfC[R or WDT 
timeout) before normal program execution resumes. 

The PD bit in the STATUS register, which is set to one 
during power-on , but cleared by the 'SLEEP' com
mand, can be used to determine if the processor was 
powered up or awakened from the power-down mode 
(Table 4.5.1.2). The TO bit in the STATUS register can 
be used to determine if the "wake up' was caused by an 
external fVfC[R signal or a Watchdog Timer timeout. 
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NOTE: Some applications may require external RIC 
networks on the MCLR pin in order to allow for oscillator 
startup times longer than one OST period. In this case, 
a WOT wake up from power-down mode is not recom
mended, because a RESET generated by a WOT time 
out does not discharge the external capacitor, and the 
PIC16C5X will be in RESET only for the Oscillator Start
up Timer period. 

15.0 CONFIGURATION FUSES 

The configuration EPROM consists of four EPROM 
fuses which are not part of the normal EPROM for 
program storage. 

Two are forthe selection of the oscillator type, one is the 
Watchdog Timer enable fuse, and one is the code 
protection fuse. 

OTP or QTP devices have the oscillator configuration 
programmed by the factory and the parts are tested 
accordingly. The packages are marked with the suffixes 
'XT', 'RC', "HS' or 'LP' following the part number to 
identify the oscillator type and operating range. 

15.1 Customer ID Code 

The PIC16C5X series has 16 special EPROM bits which 
are not part of the normal program memory. These bits 
are available to the user to store an Identifier (ID) code, 
checksum, or other informative data. They cannot be 
accessed during normal program execution. 
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15.2 Code Protection 

The program code written into the EPROM can be 
protected by programming the code protection fuse with 
·o·. 
When code protected, the contents of the program 
EPROM cannot be read out in a way that the program 
code can be reconstructed. In addition, all memory 
locations starting at 040h and above are protected 
against programming. 

It is still possible to program locations OOOh - 03Fh, the 
ID locations and the configuration fuses. 

Note that the configuration fuses and the ID bits can still 
be read, even if the code protection logic is active. 
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15.2.1 Verifying a Code-protected Part 

When code protected verifying any program memory 
location will read a scrambled output which looks like 
·ooooooooxxxx· (binary) where xis 1 or o. To verify a 
device after code protection, follow this procedure: 

a. First, program and verify a good device without code 
protecting it. 

b. Next, blow its code protection fuse and then load its 
contents in a file. 

c. Verify any code-protected Part against this file. 
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16.0 ELECTRICAL CHARACTERISTICS 

16.1 Absolute Maximum Ratings* 

Ambient temperature under bias ........ -55"C to + 125"C 

*Notice: Stresses above those listed under"Maximum Ratings• 

may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at those or any 
other conditions above those indicated in the operation listings 

of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

Storage Temperature ....................... - 65"C to +150"C 
Voltage on any pin with respect to Vss 
(except Voo and MCLR) .............. -0.6V to Voo +0.6 V 
Voltage on Voo with respect to Vss .............. o to +7.5 V 
Voltage on MCLR with respect to Vss 
(Note 2) ....................................................... Oto +14 V 

Notes: 1. Total power dissipation should not exceed 800 
mW for the package. Power dissipation is 

Total power Dissipation (Note 1) .................... 800 mW calculated as follows: .. 
Max. Current out of Vss pin ............................ 150 mA Pdis = Voo x {loo- L loh} + L {(Voo-Voh) x loh} 
Max. Current into Voo pin ................................. 50 mA + L(Vol x lol) 
Max. Current into an input pin ........................ ±500 µA 2. Voltage spikes below Vss at the MCLR pin, 

inducing currents greater than 80mA, may 
cause latch-up. Thus, a series resistor of 50-
1 oon should be used when applying a 'low' 
level to the MCLR pin rather than pulling this 
pin directly to Vss. 

Input clamp current, llK (Vl<O or V1>Voo) ........ ±20 mA 
Output clamp current, loK (VO<O or VO>Voo) . ±20 mA 
Max. Output Current sinked by any 1/0 pin ....... 25 mA 
Max. Output Current sourced by any 1/0 pin .... 20 mA 
Max. Output Current sourced by a single 
1/0 port (Port A, B, or C) .................................... 40 mA 
Max. Output Current sinked by a single 
1/0 port (Port A, B, or C) ..................................... 50mA 

TABLE 16.2- PIN DESCRIPTIONS 

Name Function Description 

RAO-RA3 l/OPORTA Four inpuVoutput lines. 
ABO- RB7 1/0 PORTB Eight inpuVoutput lines. 
RCO-RC7 1/0 PORTC Eight inpuVoutput lines, (PIC16C55/C57 only). 
RTCC Real Time Clock/Counter Schmitt Trigger Input. 

Clock input to RTCC register. Must be tied to Vss or Voo if 
not in use to avoid unintended entering of test modes and 

-- to reduce current consumption. 
MCLR Master Clear Schmitt Trigger Input. 

A 'Low' voltage on this input generates a RESET condition 
for the PIC16C5X microcontroller. 
A rising voltage triggers the on-chip oscillator start-up timer 
which keeps the chip in RESET mode for about 18ms. This 
input must be tied directly, or via a pull-up resistor, to Voo. 

OSC1 Oscillator (input) 'XT', 'HS' and 'LP" devices: Input terminal for crystal, 
ceramic resonator, or external clock generator. 
'RC' devices : Driver terminal for external RC combination 
to establish oscillation. 

OSC2/CLKOUT Oscillator (output) For 'XT', "HS' and 'LP" devices: Output terminal for crystal 
and ceramic resonator. Do not connect any other load to 
this output. Leave open if external clock generator is used. 
For 'Re• devices : A 'CLKOUT' signal with a frequency of 
1/4 Fosc1 is put out on this pin. 

Voo Power supply 
Vss Ground 
N/C No (internal) Connection 
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PIC16C5X Series 

16.3 DC CHARACTERISTICS: PIC16C5X-RC. XT. HS. LP (Commercial) 

DC CHARACTERISTICS, Standard Operating Conditions 

POWER SUPPLY PINS Operating temperature Os TA s +70°C, unless otherwise stated 

Operating voltage Voo = 3.0V to 5.5V unless otherwise stated 

Typ 
Characteristic Sym Min (Note 1) Max Units Conditions 

Supply Voltage 
PIC16C5X·XT Voo 3.0 6.25 v Fosc = DC to 4 MHz 
PIC16C5X·RC 3.0 6.25 v Fosc = DC to 4 MHz 
PIC16C5X-HS 4.5 5.5 v Fosc = DC to 20 MHz 
PIC16C5X-LP 2.5 6.25 v Fosc = DC to 40 KHz 
RAM Data Retention VOA 1.5 v Device in SLEEP mode 
Voltage (Note 3) 
Voo start voltage to VPOR Vss v See Section 13. 1 for details on power on 
guarantee power on reset reset 
Voo rise rate to guarantee Svoo 0.05 Vims See Section 13.1 for details on power on 
power on reset 
Supply Current (Note 2) 
PIC16C5X·XT loo 1.8 3.3 mA Fosc = 4 MHz, Voo = 5.5V 
PIC16C5X-RC (Note 5) 1.8 3.3 mA Fosc = 4 MHz , Voo = 5.5V 
PIC16C5X-HS 4.8 10 mA Fosc =10 MHz, Voo = 5.5V 

9.0 20 mA Fosc = 20 MHz, Voo = 5.5V 
PIC16C5X-LP 15 32 µA Fosc = 32 KHz, Voo=3.0V, WOT disabled 
Power Down Current 
(Note 4) 
PIC16C5X IPO 4 12 µA Voo = 3.0V, WOT enabled 

0.6 9 µA Voo = 3.0V, WOT disabled 

* These parameters are based on characterization and are not tested. 

Note 1: Data in the column labeled 'Typical' is based on characterization results at 25°C. This data is for design 
guidance only and is not tested for, or guaranteed by Microchip Technology. 

Note 2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus 
loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on the 
current consumption. 
a) The test conditions for all loo measurements in active operation mode are: 
OSC1 =external square wave, from rail to rail; all 1/0 pins tristated, pulled to Voo, RT= Voo, MCLR = Voo; WDT 
enabled/disabled as specified. 
b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP mode. 

Note 3: This is the limit to which Voo can be lowered in SLEEP mode without losing RAM data. 
Note 4: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 

measured with the part in SLEEP mode, with all 1/0 pins in hi-impedance state and tied to Voo and Vss. 
Note 5: Does not include current through Rext. The current through the resistor can be estimated by the formula 

Ir= Voo/2Rext (mA) with Rext in kOhm. 
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PIC16CSX Series 

16.4 DC CHARACTERISTICS: PIC16C5Xl-RC. XT. HS. LP (Industrial) 

DC CHARACTERISTICS, Standard Operating Conditions 

POWER SUPPLY PINS Operating temperature -40 :s; TA :s; +as·c, unless otherwise stated 

Operating voltage Voo = 3.5V to 5.5V unless otherwise stated 

Typ 
Characteristic Sym Min (Note 1) Max Units Conditions 

Supply Voltage 
PIC16C5X-XT Voo 3.0 6.25 v Fosc = DC to 4 MHz 
PIC16C5X-RC 3.0 6.25 v Fosc = DC to 4 MHz 
PIC16C5X-HS 4.5 5.5 v Fosc = DC to 20 MHz 
PIC16C5X-LP 2.5 6.25 v Fosc = DC to 40 KHz 
RAM Data Retention VOR 1.5 v Device in SLEEP mode 
Voltage (Note 3) 
Voo start voltage to VPOR vss v See section 13.1 for details on power on 
guarantee power on reset reset 

Voo rise rate to guarantee Svoo 0.05* Vims See section 13.1 for details on power on 
power on reset reset 
Supply Current (Note 2) 
PIC16C5X·XT loo 1.8 3.3 mA Fosc = 4 MHz, Voo = 5.5V 
PIC16C5X-RC (Note 5) 1.8 3.3 mA Fosc = 4 MHz, Voo = 5.5V 
PIC16C5X-HS 4.8 10.0 mA Fosc = 10 MHz, Voo = 5.5V 

9.0 20.0 mA Fosc = 20 MHz, Voo = 5.5V 
PIC16C5X-LP 19 40 µA Fosc = 32 KHz, Voo = 3.0V, WOT disabled 
Power Down Current 
(Note 4) 
PIC16C5X IPO 5 14 µA Voo = 3.0V, WOT enabled 

0.8 12 µA Voo = 3.0V, WOT disabled 

• These parameters are based on characterization and are not tested. 

Note 1: Data in the column labeled "Typical" is based on characterization results at 25°C. This data is for design 
guidance only and is not tested for, or guaranteed by Microchip Technology. 

Note 2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus 
loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on the 
current consumption. 
a) The test conditions for all loo measurements in active operation mode are: 
OSC 1 =external square wave, from rail to rail; all 1/0 pins tristated, pulled to Voo, RT= Voo, MCLR = Voo; WOT 
enabled/disabled as specified. 
b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP mode. 

Note 3: This is the limit to which Voo can be lowered in SLEEP mode without losing RAM data. 
Note 4: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 

measured with the part in SLEEP mode, with all 1/0 pins in hi-impedence state and tied to Voo and Vss. 
Note 5: Does not include current through Rext. The current through the resistor can be estimated by the formula 

Ir= Voo/2Rext (mA) with Rext in kOhm. 
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PIC16C5X Series 

16.5 DC CHARACTERISTICS: PIC16C5XE·RC. XT. HS. LP (Automotive) 

DC CHARACTERISTICS, Standard Operating Conditions 

POWER SUPPLY PINS Operating temperature -40 s TA s +125°C, unless otherwise stated 

Operating voltage Voo = 3.5V to 5.5V unless otherwise stated 

Characteristic Sym Min 
Typ 

Max Units Conditions (Note 1) 

Supply Voltage 
PIC16C5X-XT Voo 3.25 6.0 v Fosc = DC to 4 MHz 
PIC16C5X-RC 3.25 6.0 v Fosc = DC to 4 MHz 
PIC16C5X-HS 4.5 5.5 v Fosc = DC to 20 MHz 
PIC16C5X-LP 2.5 6.0 v Fosc = DC to 40 KHz 
RAM Data Retention VOA 1.5 v Device in SLEEP mode 
Voltage (Note 3) 
Voo start voltage to VPOR Vss v See section 13.1 for details on power on 
guarantee power on reset reset 

Voo rise rate to guarantee Svoo 0.05* Vims See section 13.1 for details on power on 
power on reset reset 
Supply Current (Note 2) 
PIC16C5X-XT loo 1.8 3.3 mA Fosc = 4 MHz, Voo = 5.5V 
PIC16C5X-RC (Note 5) 1.8 3.3 mA Fosc = 4 MHz, Voo = 5.5V 
PIC16C5X-HS 4.8 10.0 mA Fosc = 10 MHz, Voo = 5.5V 

9.0 20.0 mA Fosc = 16 MHz, Voo = 5.5V 
PIC16C5X-LP 25 55 µA Fosc = 32 KHz, Voo = 3.25V, WOT disabled 
Power Down Current 
(Note 4) 
PIC16C5X IPO 5 22 µA Voo = 3.25V, WOT enabled 

0.8 18 µA Voo = 3.25V, WOT disabled 

• These parameters are based on characterization and are not tested. 

Note 1: Data in the column labeled 'Typical' is based on characterization results at 25°C. This data is for design 
guidance only and is not tested for, or guaranteed by Microchip Technology. 

Note 2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus 
loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on the 
current consumption. 
a) The test conditions for all loo measurements in active operation mode are: 
OSC1 =external square wave, from rail to rail; all 1/0 pins tristated, pulled to Voo, RT= Voo, MCLR = Voo; WOT 
enabled/disabled as specified. 
b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP mode. 

Note 3: This is the limit to which Voo can be lowered in SLEEP mode without losing RAM data. 
Note 4: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 

measured with the part in SLEEP mode, with all 1/0 pins in hi-impedance state and tied to Voo and Vss. 
Note 5: Does not include current through Rext. The current through the resistor can be estimated by the formula 

Ir= Voo/2Rext (mA) with Rext in kOhm. 
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PIC16C5X Series 

16.6 DC CHARACTERISTICS: PIC16CSX-RC. XT. HS. LP (Commercial) 
PIC16CSXl-RC. XT. HS. LP (Industrial) 

DC CHARACTERISTICS, Standard Operating Conditions (unless otherwise stated) 

ALL PINS EXCEPT POWER SUPPLY Operating temperature -40 <TA< +85'C for industrial 

and o·c s; TA s; +70'C for commercial 

Operating voltage Voo range as described in DC spec tables 

16.3 and 16.4 

Characteristic Sym Min Typ Max Units Conditions 
(Note 1) 

Input Low Voltage 
1/0 ports VIL Vss 0.2Voo v Pin at hi-impedance 
MCLR (Schmitt trigger) Vss 0.15 Voo v 
RTCC (Schmitt trigger) Vss 0.15 VDD v 
OSC1 (Schmitt trigger) Vss 0.15 Voo v PIC16C5XRC only (Note 5) 
OSC1 Vss 0.3 Voo v PIC16C5X-XT, HS, LP 
Input High Voltage 
1/0 ports VIH 0.45 Voo VDD v For all Voo (Note 6) 

2.0 Voo v 4.0 V < Voo s; 5.5 V (Note 6) 
0.36 Voo Voo v VDD>5.5V 

MCLR (Schmitt trigger) 0.85 Voo Voo v 
RTCC (Schmitt trigger) 0.85 Voo Voo v 
OSC1 (Schmitt trigger) 0.85 VDD Voo v PIC16C5X-RC only (Note 5) 
OSC1 0.7 Voo Voo v PIC16C5X-XT, HS, LP 
Input Leakage Current For Yoo s; 5.5V 
(Notes 3, 4) 
1/0 ports ltL -1 0.5 +1 µA Vss s; VPIN s; Voo. 

Pin at hi-impedance 
--
MCLR -5 µA VPIN = Vss + 0.25V 
MCLR 0.5 +5 µA VPIN =VDD 
RTCC -3 0.5 +3 µA Vss s; VPIN s; Voo 
OSC1 -3 0.5 +3 µA Vss s; VPIN s; VDD ' 

PIC16C5X-XT, HS, LP 
Output Low Voltage 
1/0 Ports VOL 0.6 v IOL = 8. 7 mA, Voo = 4.5V 
OSC2/CLKOUT 0.6 v IOL = 1.6 mA, Voo = 4.5V 

_1PIC16C5X-RQ)_ 
Output High Voltage 
1/0 Ports (Note 4) VOH Voo-0.7 v IOH = -5.4 mA, Voo = 4.5V 
OSC2/CLKOUT Voo-0.7 v IOH = ·1.0 mA, VDD = 4.5V 
(PIC16C5X-RC) 

Note 1: Data in the column labeled 'Typical' is based on characterization results at 25 • C. This data is for design guidance 
only and is not tested for, or guaranteed by Microchip Technology. 

Note 2 : Total power dissipation as stated under absolute maximum ratings must not be exceeded. 
Note 3 : The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels 

represent normal operating conditions. Higher leakage current may be measured at different input voltages. 
Note 4 : Negative current is defined as coming out of the pin. 
Note 5: For PIC16C5XRC devices, the OSC1 pin is a Schmitt trigger input. It is not recommended that the PIC16C5X 

be driven with external clock in RC mode. 
Note 6: The user may use better of the two specifications. 
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PIC1 &CSX Series 

16.7 DC CHARACTERISTICS: PIC16CSX-RC. XI. HS. LP (Aytomot!ye) 

DC CHARACTERISTICS, Standard Operating Conditions (unless otherwise stated) 

ALL PINS EXCEPT POWER SUPPLY Operating temperature '40 <TA< +125'C 

Operating voltage Voo range as described in DC spec tables 

16.3 and 16.4 

Characteristic Sym Min Typ Max Units Conditions 
(Note 1) 

Input Low.Voltage 
VO ports VIL Vss 0.15 Voo v Pin at high·impedance 
MCLR (Schmitt trigger) Vss 0.15 Voo v 
RTCC (Schmitt trigger) Vss 0.15 Voo v 
OSC1 (Schmitt trigger) Vss 0.15 Voo v PIC16C5XRC only (Note 5) 
OSC1 Vss 0.3Voo v PIC16C5X·XT, HS, LP 

Input High Voltage 
VO ports VIH 0.45VDD Voo v For all Voo (Note 6) 

2.0 Voo v' 4.0 V < Voo s 5.5 V (Note 6) 
0.36VDD Voo v VDD>5.5V 

MCLR (Schmitt trigger) 0.85Voo Voo v 
RTCC (Schmitt trigger) 0.85VDD Voo v 
OSC1 (Schmitt trigger) 0.85Voo Voo v PIC16C5X-RC only (Note 5) 
OSC1 0.7Voo Voo v PIC16C5X-XT,HS, LP 

Input Leakage Current For VDD s; 5.SV 
(Notes3, 4) 
VO ports Ill -1 0.5 +1 µA Vss s VPIN s Voo, 

Pin at hi-impedance 
MCLR -5 µA VPIN = Vss + 0.25V 
MCLR 0.5 +5 µA VPIN=VDD 
RTCC -3 0.5 +3 µA Vss ~ VPiN s VDD 
OSC1 -3 0.5 +3 µA Vss s VPIN s Voo • 

PIC16C5X-XT, HS, LP 

Output Low Voltage 
110 Ports VOL 0.6 v IOL = 8.7 mA, Voo = 4.5V 
OSC21CLKOUT 0.6 v IOL = 1.6 mA, Voo = 4.5V 
(PIC16C5X-RC) 

Output High Voltage 
VO Ports (Note 4) VOH Voo-0.7 v IOH = -5.4 mA, Voo = 4.5V 
OSC2/CLKOUT Voo-0.7 v IOH = -1.0 mA, Voo = 4;5v 
(PIC16C5X-RC) 

Note 1: Data in the column labeled "Typical" is based on characterization results at25 • C. This data is for design guidance 
only and is not tested for, or guaranteed by Microchip Technology. 

Note 2 : Total power dissipation as stated under absolute maximum ratings must not be exceeded. 
Note 3 : The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels 

represent normal operating conditions. Higher leakage current may be measured at different input voltages. 
Note 4 : Negative current is defined as coming out of the pin. 
Note 5: For PIC16C5XRC devices, the OSC1 pin is a Schmitt trigger input. It is not recommended that the PIC16C5X 

be driven with external clock in RC mode. 
Note 6: The user may use better of the two specifications. 
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PIC16C5X Series 

16.8 AC CHARACTERISTICS: PIC16C5X-RC. XI. HS. LP (Commercial) 
PIC16C5Xl-RC. XI. HS. LP (Industrial) 
PIC16C5Xl-RC. XI. HS. LP (Automotive) 

AC CHARACTERISTICS Standard Operating Conditions (unless otherwise stated) 
Operating temperature TA= -40°C to +85°C (industrial), 
TA= -40°C to +125"C (automotive) and o·c s TA s +70"C (commercial) 
Operating voltage Voo range as described in DC spec tables 16.3 and 16.4 

Characteristic Sym Min Typ Max Units Conditions 
(Note 1) 

External CLOCKIN Fosc DC 4 MHz RC mode 
Frequency (Note 2) DC 4 MHz XTmode 

DC 20 MHz HS mode (Com/Ind) 
DC 16 MHz HS mode (Automotive) 
DC 40 KHz LP mode 

Oscillator Frequency Fosc DC 4 MHz RC mode 
(Note 2) 0.1 4 MHz XT mode 

4 20 MHz HS mode (Com/Ind) 
4 16 MHz HS mode (Automotive) 
DC 40 KHz LP mode 

Instruction Cycle Time Tcv 1.0 4/Fosc DC µs RC mode 
(Note 2) 1.0 DC µs XTmode 

0.2 DC µs HS mode 
100 DC µs LP mode 

External Clock In Timing 
(Note 4) 
Clock in (OSC1) High or Low Time 
XT oscillator type TCKHLXT 50* ns 
LP oscillator type TCKHLLP 2* µs 
HS oscillator type TCKHLHS 20* ns 
Clock in (OSC1) Rise or Fall Time 
XT oscillator type TCKRFXT 25* ns 
LP oscillator type TCKRFLP 50* ns 
HS oscillator type TCKRFHS 25* ns 
RESET Timing 
MCLR Pulse Width _!!owl TMCL 100* ns 
RTCC Input Timing, No Prescaler 
RTCC High Pulse Width TRTH 0.5 Tcv+ 20* ns Note 3 
RTCC Low Pulse Width TRTL 0.5 Tcv+ 20* ns Note 3 
RTCC Input Timing, With Prescaler 
RTCC High Pulse Width TRTH 10* ns Note 3 
RTCC Low Pulse Width TRTL 10* ns Note 3 
RTCC Period TRTP TCY+40 

. 
ns Note 3. Where N = prescale 

N value (2,4, ... , 256) 
Watchdog Timer Timeout Period 
(No Prescaler) TWDT 9* 18* 30* ms Voo = 5.0V 
Oscillation Start-up Timer Period TOST 9* 18* 30* ms Voo = 5.0V 
l/OTlming 
1/0 Pin Input Valid Before 
CLKOUTi (RC Mode) Tos 0.25 Tcv+ 30* ns 
1/0 Pin Input Hold After 
CLKOUTi (RC Mode) TOH o· ns 
1/0 Pin Output Valid After 
CLKOUT.J.. (RC Mode) TPD 40* ns 

• Guaranteed by characterization, but not tested. (Notes on next page) 
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PIC16C5X Series 

NOTES TO TABLE 16.8: 

1. Data in the column labeled "Typical' is based on characterization 
results at 2s·c. This data is for design guidance only and is not 
tested for, or guaranteed by Microchip Technology. 

2. Instruction cycle period (Tcy) equals four times the input oscillator 
time base period. 
All specified values are based on characterization data for that 
particular oscillator type under standard operating conditions with 
the device executing code. Exceeding these specified limits may 

result in an unstable oscillator operation and/or higher than ex
pected current consumption. All devices are tested to operate at 
"min." values with an external clock applied to the OSC1 pin. 
When an external clock input is used, the "Max.• cycle time limit 
is "DC" (no clock) tor all devices. 

3. For a detailed explanation of RTCC input clock requirements see 
section 4.2.1. 

4. Clock-in high-timeisthedurationtorwhich clock input isatVIHOSC 
or higher. 
Clock-in low-time is the duration tor which clock input is atVILOSC 
or lower. 

16.9 Electrical Structure of Pins 17.0 TIMING DIAGRAMS 

FIGURE 16.9.1 - ELECTRICAL FIGURE 17.0.1 - RTCC TIMING 
STRUCTURE OF 1/0 PINS (RA, RB, RC) 

VDD 

RTCC 

VSS VSS 

l-TATH----! 
';,..-----,'' 

:--TRTL--: 
·--VIH 

' 
"------~: ·-:-·-VIL 

~--- TRTP --------, 

FIGURE 16.9.2- ELECTRICAL 
STRUCTURE OF MCLR AND RTCC PINS 

FIGURE 17.0.2 - OSCILLATOR START-UP TIMING (PIC16C5XRC) 

MCLR, 
RTCC 

Vss vss 

11 

~--------· 

:-- Tcy ----- Tcy ---' 

:---· 
Tost T1 : T1 : 

CLKOUT ----

' ' 
DEVICE --- RESET__: FETCH1.INSIBUCTION : FETCH2.1NSTRUCTION '----· 

FUNCTION l EXECUTE •FQRCEO- NOP l EXECUTE 1. INSTRUCTION r 

Notes to Figures 16.9.1 and 16.9.2: The diodes and the grounded gate (or output driver) NMOS device are carefully designed to protect against ESD 
(Electrostatic discharge) and EOS (Electrical overstress). Rin is a small resistance to further protect the input buffer from ESD. 

FIGURE 17.0.3 - INPUT/OUTPUT TIMING FOR 1/0 PORTS (PIC16C5XRC*) 

OSC2/ 
CLKOUT 

INPUT 

OUTPUT 

DS30015K-page 36 

~---------Tcy 

T1 

1 1Tdh 1 I 

•--Tds -.-.. 1 
I 1 I I I 

~##A VALID VOo/ffffi'~hM'& 
I____! I I '----1 

~Tpd! :rpd: 
HIGH-Z ( . ~ 

• The CLKOUT output is available only on PIC1 SCSXRC devices. 

© 1994 Microchip Technology Inc. 

2-38 



PIC16CSX Series 

18.0 DC AND AC CHARACTERISTICS GRAPHS/TABLES: 

The graphs and tables provided in this section are for 
design guidance and are not tested or guaranteed. In 
some graphs or tables the data presented are outside 
specified operating range {e.g. outside specified Voo 
range). This is for information only and devices are 
guaranteed to operate properly only within the specified 
range. 

The data presented in this section is a statistical sum
mary of data collected on units from different lots over a 
period of time. 'Typical' represents the mean of the 
distribution while 'max' or 'min' represents {mean + 3a) 
and {mean - 3<J) respectively where a is standard 
deviation. 

FIGURE 18.0.2 - TYPICAL RC OSCILLATOR 
FREQUENCY vs Voo* 

5.5 
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cext = 2opi, T = ~·c 
0.5 f----t.l--+---+----t--+---1 

R=100k 
0 ~-~-~--~-~-~-~ 

3.0 3.5 4.0 4.5 5.0 5.5 6.0 

VID (Volts) 

* Measured on DIP packages. 
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FIGURE 18.0.1 - TYPICAL RC OSCILLATOR 
FREQUENCY vs. 
TEMPERATURE 

-Fosc (25"C) 
FREQUENCY NORMALIZED TO +25"C 
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10 2'.l :I) 40 00 
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FIGURE 18.0.3 - TYPICAL RC OSCILLATOR 
FREQUENCY vs VDD* 

1.8 ----------1-~ 

R=3.3k 

1.6 f---+---+---+---t--+---1 

1.4 1---+---+---+---t--+---; 

~ R=Sk 1.21-1-1--=1-r=::::::=:t.===1 
"N 
~ 1.0 

l 0.8 F=--<:~:::-----1--+---+---+---J 

r---+--1-- R=10k 
0.6 ~-~-~-+--.!-===:t==:j 

0.4 1---+---+----+---t--+----i 

0.2 f---+---+----+----t--+---l 
R=100k 

o~--'----+----+---<~--'---~ 

3.0 3.5 4.0 4.5 5.0 5.5 6.0 
VID (Volts) 

*Measured on DIP packages. 
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PIC16C5X Series 

FIGURE 18.0.4 • TYPICAL RC OSCILLATOR 
FREQUENCY vs Voo• 

A=100k 

0 ~-~-~-~-~-~-~ 
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* Measured on DIP packages. 

FIGURE 18.0.5 • TYPICAL lpd vs Voo 
WATCHDOG DISABLED 2s·c 
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TABLE 18.0.1 • RC OSCILLATOR 
FREQUENCIES* 

Cext Rext Average 

Fosc@ 5V, 25"C 

20pF 3.3k 4.973MHz ±27% 

5k 3.82MHz ±21% 

10k 2.22MHz ±21% 

100k 262.15 KHz ±31% 

100pF 3.3k 1.63 MHz ±13% 

5k 1.19 MHz ±13% 

10k 648.64 KHz ±18% 

100k 71.56 KHz ±25% 

300pF 3.3k 660.0KHz ±10% 

5k 484.1 KHz ±14% 

10k 267.63 KHz ±15% 

100k 29.44 KHz ±19% 

•Measured on DIP packages. 

The percentage variation indicated here is part to part 
variation due to normal process distribution. The varia
tion indicated is ±3 standard deviation from average 
value for Voo = 5V. 

FIGURE 18.0.6. TYPICAL lpd VS Voo 
WATCHDOG ENABLED 2s·c 
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FIGURE 18.0.7 - MAXIMUM lpd vs Voo 
WATCHDOG DISABLED 
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FIGURE 18.0.8- MAXIMUM lpd vs Voo 
WATCHDOG ENABLED* 
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• IPD, with watchdog timer enabled, has two components: The leakage current which increases with higher temperature and the 
operating current of the watchdog timer logic which increases with lower temperature. At -40"C, the latter dominates explaining the 
apparently anomalous behavior. 

FIGURE 18.0.9-VTH (INPUT THRESHOLD VOLTAGE) OF 1/0 PINS vs Voo 
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FIGURE 18.0.10- VIH, VIL OF MCLR, RTCC AND OSC1 (IN RC MODE) vs Yoo 
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Note: These input pins have Schmitt trigger input buffer. 

FIGURE 18.0.11 • VTH (INPUT THRESHOLD VOLTAGE) OF OSC1 INPUT (IN XT, HS, AND LP 
MODES) vs Yoo 
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FIGURE 18.0.12 -TYPICAL loo vs FREQ (EXT CLOCK, 25°C) 
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FIGURE 18.0.13- MAXIMUM loo vs FREQ (EXT CLOCK, -40° to +85°C) 
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FIGURE 18.0.14- MAXIMUM loo vs FREQ (EXT CLOCK, -55° to +125°C) 
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FIGURE 18.0.15 • WOT Timer Time-out Period 
vsVoo 
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FIGURE 18.0.16- Transconductance (gm) of 
HS Oscillator VS Voo 
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FIGURE 18.0.17 - Transconductance (gm) of 
LP Oscillator vs Voo 
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FIGURE 18.0.19 - IOH vs VoH, Voo = 3V 
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FIGURE 18.0.18 - Transconductance (gm) of 
XT Oscillator vs Voo 
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FIGURE 18.0.20 - IOH vs VOH, Voo = sv 

-10 

< 
.§. -20 

.Q 

-30 

-40 ~~-~-~-~-~-~-~ 
1.5 2 2.5 3 3.5 4 4.5 5 

VOH (Volts) 

DS30015K-page 43 

.. 



PIC16CSX Series 

FIGURE 18.0.21 - IOL vs VOL, Voo = 3V 
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TABLE 18.0.2 - INPUT CAPACITANCE FOR 
PIC16C54/56 * 

Typical Capacitance (pF) 
Pin Name 

18LPDIP 18LSOIC 

RA port 5.0 4.3 
RB port 5.0 4.3 
MCLR 17.0 17.0 
OSC1 4.0 3.5 
OSC2/CLKOUT 4.3 3.5 
RTCC 3.2 2.8 

3 

* All capacitance values are typical at 25"C and mea
sured at 1 MHz. A part to part variation of±25% (three 
standard deviations) should be taken into account. 
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FIGURE 18.0.22 - IOL VS VOL, Voo = 5V 
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TABLE 18.0.3 - INPUT CAPACITANCE FOR 
PIC16C55/57 * 

Typical Capacitance (pF) 
Pin Name 

28L PDIP 28LSOIC 
(600 mil) 

RA port 5.2 4.8 
RB port 5.6 4.7 
RC port 5.0 4.1 
MCLR 17.0 17.0 
OSC1 6.6 3.5 
OSC2/CLKOUT 4.6 3.5 
RTCC 4.5 3.5 
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19.0 PACKAGING INFORMATION 

See Section 11 of the Data Book. 

19.1 Pacl<age Marking Information 

18L PDIP 

MMMMMMMMMMMMXXX 0 MMMMMMMMXXXXXXX 
~AABB COE 

18LSOIC 

MMMMMMMMM 

MMMMMMMMM 

[Q_~AABB CDE 

28LSOIC 

MMMMMMMMMMMMMMMX 
xxxxxxxxxxxxxxxxxxxx 
lo~AABB CDE 

28L PDIP (.300 mll) 

0 

xxxxxxxxxxxxxxx 0 xxxxxxxxxxxxxxx 
~AABB COE 

28LSSOP 

xxxxxxxxxxxx 
xxxxxxxxxxxx 

ln~AABB CDE 

20LSSOP 

xxxxxxxx 
xxxxxxxx 
O~AABB CDE 

Example 

PIC16C56-o RCI/P456 
~9123 CBA 

Example 

PIC16C54-

XTI/S0218 

l:o_~9118 CDK 

Example 

PIC16C57-XT/SO 

Lo_~ 9051 CBK 

Example 

PIC16C56-o RCI/P456 
~9123 CBA 

Example 

PIC16C57-XT 

l0~9225 CBK 

Example 

PIC16C54 

XTI/218 

0~9051 CBP 

Legend: MM ... M 
xx ... x 

Microchip part number information 
Customer specific information* 

AA 
BB 
c 

Year code (last 2 digits of calendar year) 
Week code (week of January 1 is week '01 ') 
Facility code of the plant at which wafer is manufactured. 
C =Chandler, Arizona, U.S.A. 

D Mask revision number 
E Assembly code of the plant or country of origin in which 

part was assembled. 

Note: In the event the full Microchip part number can not be marked on one 
line, it will be carried over to the next line thus limiting the number 
of available characters for customer specific information. 

*Standard OTP marking consists of Microchip part number, year code, week code, 
facility code, mask rev#, and assembly code. For OTP marking beyond this, 
certain price adders apply. Please check with your Microchip Sales Office. For 
QTP devices, any special marking adders are incuded in QTP price. 

C> 1994 Microchip Technology Inc. 
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19.1 Pacl<age Marking Information (Cont,) 

28L PDIP (.600 mil) 

MMMMMMMMMMMMXXX 
MMMMMMMMXXXXXXX O .xxxxxxxxxxxxxxx Q 
~AABB CDE 
... ' MlcRac:tt"" 

18LCerdlp 

28L Cerdlp 

~ 
MICROCHIP 

0 
MMMMMMMMMM 
MMMMMM 

I AABB 
CDE 

Example 

0 

Example 

~ ~ 0 PIC16C54 

- 9101 CBA 

Example 

~ 
MICROCHIP 

0 
PIC16C57 

19038 CBA 

Legend: MM ... M 
xx ... x 

Microchip part number information 
Customer specific information• 

AA 
BB 
c 

Year code (last 2 digits of calendar year) 
Week code (week of January 1 is week '01 ') 
Facility code of the plant at which wafer is manufactured. 
C =Chandler, Arizona, U.SA. 

D Mask revision number 
E Assembly code of the plant or country of origin in which 

part was assembled. 

Note: In the event the full Microchip part number can not be marked on one 
line, it will be carried over to the next line thus limiting the number 
of available characters for customer specific information. 

• Standard OTP marking consists of Microchip part number, year code, week code, 
facility code, mask rev#, and assembly code. For OTP marking beyond this, certain 
price adders apply. Please check with your Microchip Sales Office. For QTP 
devices, any special marking adders are included in QTP price. 

0 
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20.0 DEVELOPMENT SUPPORT 

20.1 Development Tools 

The PIC16C5X and PIC16CXX microcontrollers are 
supported with a full range of hardware and software 
development tools: 

• PICMASTER™ Real-Time In-Circuit Emulator 
• PRO MATE™ Universal Programmer 
• PICSTARTTM Low-Cost Prototype Programmer 
• Assembler 
• Software Simulator 

20.2 PICMASTER™: High Performance 
Universal In-Circuit Emulator 

The PICMASTER Universal In-Circuit Emulator is in· 
tended to provide the product development engineer 
with a complete microcontroller design tool set for all 
microcontrollers in the PIC16C5X, PIC16CXX and 
PIC17CXX families. 

Interchangeable target probes allow the system to be 
easily reconfigured for emulation of different proces
sors. The universal architecture of the PICMASTER 
allows expansion to support all new PIC16C5X, 
PIC16CXX and PIC17CXX microcontrollers. 

The Emulator System is designed to operate on PC 
compatible machines ranging from 80286-AT" class 
ISA-bus systems through the new 80486 EISA-bus 
machines. The development software runs in the 
Microsoft Windowse 3.1 environment, allowing the op
erator access to a wide range of supporting software and 
accessories. 

The PICMASTER has been designed as a real-time 
emulation system with advanced features generally 
found on more expensive development tools. The AT 
platform and Windows 3.1 environment was chosen to 
best make these features available to you, the end user. 

PIC16CSX Series 

The PICMASTER Emulator Universal System consists 
primarily of four major components: 

• Host-Interface Card 

• Emulator Control Pod 
• Target-Specific Emulator Probe 
• PC Host Emulation Control Software 

The Windows 3.1 System is a multitasking operating 
system which will allow the developer to take full advan
tage of the many powerful features and functions of the 
PICMASTER system. 

PICMASTER emulation can operate in one window, 
while a text editor is running in a second window. 

Dynamic Data Exchange (ODE), a feature of Windows 
3.1, will be available in this and future versions of the 
software. ODE allows data to be dynamically transferred 
between two or more Windows programs. With this 
feature, data collected with PICMASTER can be auto
matically transferred to a spreadsheet or database pro
gram for further analysis. 

Under Windows 3.1, two or more PICMASTER emula
tors can run simultaneously on the same PC making 
development of multi·microcontroller systems possible 
(e.g., a system containing a PIC16CXX processor and a 
PIC17CXX processor). 

20.3 PRO MATE™: Universal Programmer 

The PRO MATE Universal Programmer is a production 
quality programmer capable of operating in stand alone 
mode as well as PC-hosted mode. 

The PRO MATE has programmable Voo and VPP sup
plies which allows it to verify programmed memory at 
Voo min and Voo max for maximum reliability . It has an 
LCD display for displaying error messages, keys to enter 
commands and a modular detachable socket assembly 
to support various package types. In stand alone mode 
the PRO MATE can read, verify or program PIC16C5X, 
PIC16CXX and PIC17CXX devices. It can also set fuse 
configuration and code-protect in this mode. Its EE PROM 
memory holds data and parametric information even 
when powered down. It is ideal for low to moderate 
volume production. 

FIGURE 20.2 - PICMASTER SYSTEM CONFIGURATION 
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PIC16C5X Series 

In PC-hosted mode, the PRO MATE connects to the PC 
via one of the COM (RS232) ports. A PC based user
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and menu
based. Full screen display and editing of data, easy 
selection off use configuration and part type, easy selec
tion of Voo min, Voo max and VPP levels, load and store 
to and from disk files (intel hex format) are some of the 
features of the software. Essential commands such as 
read, verify, program, blank check can be issued from 
the screen. Additionally, serial programming support is 
possible where each part is programmed with a different 
serial number, sequential or random. 

The PRO MATE has a modular "programming socket 
module'. Different socket modules are required for 
different processor types and/or package types. 
PRO MATE supports all PIC16C5X, PIC16CXX and 
PIC17CXX processors. 

20.4 PICSTART™ Programmer 

The PICSTART™ programmer is an easy to use, very 
low-cost prototype programmer. It connects to the PC 
via one of the COM (RS232) ports. A PC based user 
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and menu
based. 

20.5 Assembler (MPASM) 

Cross Assembler is a PC hosted symbolic assembler. It 
supports all microcontroller series including the 
PIC16C5X CMOS, PIC16CXX and PIC 17CXX families. 

MPASM offers fully featured Macro capabilities, condi
tional assembly, and several source and listing formats. 
It generates various object code formats to supoort 
Microchip's de ~lopment tools as well as third party 
programmer . 

MPAS Hows full symbolic debugging from the Micro-
chiJ:?>J iversal Emulator System (PICMASTER). 

MPASM has the following features to assist in develop
ing software for specific use applications. 

• Provides translation of Assembler source code to 
object code for all Microchip microcontrollers. 

• Macro Assembly Capability 

• Provides Object, Listing, Symbol and special files 
required for debugging with one of the Microchip 
Emulator systems. 

• Supports Hex (default), Decimal and Octal source 
and listing formats. 

MPASM provides a full feature directive language repre
sented by four basic classes of directives: 

• Data Directives are those that control the allocation 
of memory and provide a way to refer to data items 
symbolically, by meaningful names. 

• Listing Directives control the MPASM listing dis 
play. They allow the specification of titles and sub
titles, page ejects and other listing control. 
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• Control Directives permit sections of conditionally 
assembled code. 

• Macro Directives control the execution and data 
allocation within macro body definitions. 

20.6 Software Simulator (MPSIM) 

The Software Simulator allows code development in a 
PC host environment. It allows the user to simulate the 
PIC16C5X and PIC16CXX series microcontrollers on 
an instruction level. On any given instruction, the user 
may examine or modify any of the data areas or provide 
external stimulus to any of the pins. The inpuVoutput 
radix can be set by the user and the execution can be 
performed in single step, execute until break or in a trace 
mode. Two forms of symbolic debugging are available: 
an internal symbol table for disassembling opcodes and 
the displaying of source code from a listing file. The 
Software Simulator offers the low cost flexibility to de
velop and debug code outside of the laboratory environ
ment making it an excellent multi-project software devel
opment tool. 

20.7 Development Systems 

For convenience, the development tools are packaged 
into comprehensive systems as listed in Table 19-1: 

TABLE 20-1: DEVELOPMENT SYSTEM 
PACKAGES 

Item Name System Description 

1. PICMASTER™ PICMASTER In-Circuit Emulator 
System with your choice of Target Probe, 

PRO MATE Programmer, 
Assembler, Software Simulator and 
Samples. 

2. PICSTART™ PICSTART™ Low-Cost Prototype 
System Programmer, Assembler, Software 

Simulator and Samples 

20.8 Probe Specifications 

The PICMASTER probes currently meet the following 
specifications: 

PROBE 
PICMASTER Devices Maximum Operating 

PROBE Supported Frequency Voltage 

PROBE-16A PIC16C54, 4MHZ 4.5V-5.5V 
PIC16C55, 
PIC16C56, 
and PIC16C57 

PROBE-160 PIC16C54, 20MHz 4.5V-5.5V 
PIC16C55, 
PIC16C56, 
PIC16C57, 
and PIC16C58 

© 1994 Microchip Technology Inc. 



21.0 EPROM PROGRAMMING 

21.1 Prototype Programmers 

Microchip's proprietary low cost PICSTART program
mer is ideal for programming during development and 
prototyping. It is not recommended for production 
programming. 

21.2 Production Quality Programmers 

Microchip's PRO MATE programmer can be used for 
reliable programming for production. High volume pro
gramming is also supported by production quality pro
grammers from third party sources. See Table 21.2.1. 

Microchip assumes no responsibility for replacing defec
tive units related to mechanical and/or electrical prob
lems of any third party programming equipment or the 
improper use of such equipment. 

PIC1 &CSX Series 

Programming of the code protection bit (also called 
'security bit' or 'security fuse') implies that the contents 
of the PIC16C5X EPROM can no longer be verified, thus 
making programming related failure analysis an impos
sibility. 

Microchip warrants that PIC16C5X units will not exceed 
a programming failure rate of 1% of shipment quality. 
Programming related failures beyond this level can be 
returned for replacement, again, if the security bit has 
not been programmed. 

21.3 Gang Programmers 

Gang programmers are available from third party sources. 
See Table 21.2.1. 

21.4 Eactocy Programming 

High volume factory programming (QTP) is an available 
service from Microchip Technology. A small price adder 
and minimum quantity requirements apply. 

TABLE 21.2.1 ·LIST OF THIRD PARTY PROGRAMMERS* 

Company Model Contact Company Model Contact 

ADVIN Systems, Inc. PILOT™-U40 408-243-7000 U.S. HI-LO ALL-03 02 7640215 Taiwan 

Application Solutions Ltd. Programmer 273 476608 U.K. Link Computer Graphics CLK-3100 201-808-8990 U.S. 

Baradine Products Ltd. Micro-Burner™ 604-988-9853 Canada Logical Devices, Inc. ALLPR0"'-88 305-428-6868 U.S. 

BP Microsystems CP-1128™ 800-225-2102 U.S. 
713-668-4600 U.S. Parallax, Inc. PIC16C5X-PGM 916-624-8333 U.S. 

Citadel Products Ltd. PC-82 44-819-511-848 U.K. Stag Microsystems PP39 44-707-332-148 U.K. 

Data 1/0 Corporation Unisite™ with 800-332-8246 U.S. Transdata PGM16 (214) 980 2960 
Site-48™ module 31 (0) 6622866 Europe PGM 16x8 

(03) 432-6991 Japan Gang Programmer 

Elan Digital Systems Ltd. EF-PER™ 0489 579 799 U.K. 
5000 Series (800) 541-3526 U.S. 
Gang Programmer 

* For a complete listing of all Microchip third party support, please refer to the Third Party Support Handbook 
(DS00104A). 

All lllldemarks shown In table 21.2.1 belong to their respective holders. 
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CONNECTING TO MICROCHIP BBS 

Connect world wide to the Microchip BBS using the 
CompuServeecommunications network. In most cases 
a local call is your only expense. The Microchip BBS 
connection does not use CompuServe membership 
services, therefore you do not need Compuserve 
membership to join Microchip's BBS. 

The procedure to connect will vary slightly from country 
to country. Please check with your local CompuServe 
agent for details if you have a problem. CompuServe 
services allows multiple users at baud rates up to 9600. 

To connect: 

1. Set your modem to 8 bit, No parity, and One stop 
(8N1). This is not the normal CompuServe setting 
which is 7E1. 

2. Dial your local CompuServe phone number. 

3. Depress <ENTER> and a garbage string will appear 
because CompuServe is expecting a 7E1 setting. 

4. Type+ <ENTER> and Host Name: will appear. 

5. Type MCHIPBBS<ENTER> and you will be con
nected to the Microchip BBS. 

In the United States, to find CompuServe's phone num
ber closest to you, set your modem to 7E1 and dial (800) 
848-4480 for300-2400 baud or (800) 331-7166 for9600 
baud connection. After the system responds with Host 
Name:, type 

NETWORK<ENTER> and follow CompuServe's direc
tions. 

For voice information (or calling from overseas), you 
may call {614) 457-1550 for your local CompuServe 
number. 

© 1994 Microchip Technology Inc. 
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PIC16C5X Series 

Trademarks: 

PIC is a registered trademark of Microchip Technology 
Incorporated in the U.S.A. 

The Microchip logo and name are trademarks of Microchip 
Technology Incorporated. 

PICMASTER, PRO MA TE and PICSTARTare trademarks of 
Microchip Technology Incorporated. 

IBM PC and AT are registered trademarks of IBM toipora
tion. 

MS-DOS and Microsoft Windows are registered trademarks 
of Microsoft Corporation. 

CompuServe is a registered trademark of CompuServe Inc. 

All other trademarks mentioned herein are the property of 
their respective companies. 
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PIC16CSX Series 

PIC16C5X Product Identification System 
To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 

PART NO. -XX X /XX XXX 
·-r-

q~ 3-Digit Pattern Code for OTP (blank for OTP and Window Parts) 

Package: p = PDIP SS = SSOP (209 mil) 
so = 300 mil SOIC (Gull Wing Lead) JW* = CERDIP Window 
SP = 28L PDIP (300 mil) s = Die in Waffle Pack 

J Temperature - = o·c to + 1o·c {T for tape/reel) 

l Range: I = -40"C to +85"C (S for tapelreel) 
E -40"C to +125"C 

Examples: J Oscillator RC,HS 
XT,LP a) PIC16C54 - XTIPXXX = "XT' oscillator, commercial 

-. Type: temp., PDIP, OTP pattern 
b} PIC16C55 - XTllSO = "XT" oscillator, industrial 

Device: PIC16C54 temp., SOIC (OTP device) 

PIC16C55 c) PIC16C55-JW = Commercial temp. 

PIC16C56 CERDIP with WINDOW 

PIC16C57 d) PIC16C57-RCllS = "RC oscillator', industrial temp., 
dice in waffle pack. 

Notes: •For UV-erasable devices, the oscillator type is RC by default(= erased device). The user can select XT, HS, 
or LP oscillators by programming the appropriate fuses. 

Sales and Support 

Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and 
recommended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1. Your local Microchip sales office (see below) 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Mlcrochip's Bulletin Board, via your local Compuserve number. 

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using. 

For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302. 
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MICROCHIP PIC16CR54 
ROM-Based 8-Bit CMOS Microcontroller 

FEATURES 

High-Performance RISC-like CPU 

• Only 33 single word instructions to learn 
• All single cycle instructions (200ns) except for 

program branches which are two-cycle 
• Operating speed: DC - 20 MHz clock input 

DC - 200ns instruction cycle 
• 12-bit wide instructions 
• 8-bit wide data path 
• 512 x 12 on-chip ROM program memory 
• 25 x 8 general purpose registers (SAAM) 
• Seven special function hardware registers 
• Two-level deep hardware stack 
• Direct, indirect and relative addressing modes 

Peripheral Features 

• 12 1/0 pins with individual direction control 
• 8-bit real time clock/counter (RTCC) with 8-bit 

programmable prescaler 
• Power-on Reset 
• Oscillator Start-up Timer 
• Watchdog Timer (WOT) with its own on-chip RC 

oscillator for reliable operation 
• Security bit for code-protection 
• Power saving SLEEP mode 
• ROM mask selectable oscillator options: 

- Low-cost RC oscillator: RC 
- Standard crystal/resonator: XT 

High-speed crystal/resonator: HS 
- Power saving, low frequency crystal: LP 

CMOS Technology 

• Low-power, high-speed CMOS ROM technology 
• Fully static design 
• Wide-operating voltage range: 

- Commercial: 2.0V to 6.25V 
- Industrial: 2.0V to 6.25V 

• Low-power consumption 
- < 2mA typical @ 5V, 4 MHz 
- 15µA typical @ 3V, 32 KHz 
- < 1 µA typical standby current @ 3V 
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FIGURE A - PIN CONFIGURATION 

PDIP,SOIC, 
CERDIP Window 

--- RA2 • 1 18 RA1---

--- RA3 2 17 RAO---
_.RTCC 3 "ti 16 OSC1/CLKIN--0 --.MCLR 4 _.. 1S OSC2/CLKOUT --
--.vss s OI 14 Voo .,..__ 

0 
---RBO 6 :D 13 RB7---
---RB1 7 UI 12 RB6-.a. 
---RB2 8 11 RBS---
---RB3 9 10 RB4---

SSOP 

---RA2 • 1 20 RA1---

--- RA3 2 19 RAO-
-RTCC 3 "ti 18 OSC1/CLKIN--
-MCLR 4 0 17 OSC2/CLKOUT --

__. Vss s _.. 
16 Voo~ 

OI __. Vss 6 0 1S Voo ....._ 
---RBO 7 :D 14 RB7---

UI 
---RB1 8 .a. 13 RB6 ---
--- RB2 12 RBS ---
--- RB3 11 RB4-

OVERVIEW 
PIC16CR54 is a fully compatible ROM-version of the 
PIC16C54 EPROM based microcontroller and a mem
ber of the PIC16C5X microcontroller family. The 
PIC16CR54 is a low-cost, high performance, 8-bit, fully 
static CMOS microcontroller. It employs a RISC-like 
architecture with only 33 single word/single cycle in
structions to learn. All instructions are single cycle 
(200ns) except in the case of program branches which 
take two cycles. The PIC16CR54 delivers performance 
an order of magnitude higher than its competitors in 
similar price category.The 12-bit wide instructions are 
highly symmetrical resulting in 2:1 code compression 
advantage over other 8-bit microcontrollers in its cat
egory. The easy to use and easy to remember instruc
tion set reduces development time significantly. 

The customer can also take full advantage of the UV
erasable PIC16C54 EPROM version for code develop
ment. The cost-effective One Time Programmable (OTP) 
version allows the customer to move in to production 
without committing to a final ROM code. 

The PIC16CR54 is supported by an assembler, a soft
ware simulator and an in-circuit emulator. All the tools 
are supported by IBM Pee and compatible machines. 
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PIC16CR54 
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1.0 GENERAL DESCRIPTION 

The Microchip Technology PIC16CR54 microcontroller 
is based on the proven architecture of the PIC16CSX 
product family. The PIC16CR54 is pin for pin compatible 
with the EPROM based PIC16C54, but it has the added 
advantage of an extended operating voltage. 

FIGURE 2.1.1 - PIC16CR54 BLOCK DIAGRAM 
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1.1 Applications 

The PIC16CR54 fits perfectly in applications ranging 
from high speed automotive and appliance motor control 
to low-power remote transmitters/receivers, pointing 
devices, and telecommunications processors. The small 
footprint package for through hole or surface mounting 
make this microcontroller perfect for all applications with 
space limitations. Low-cost, low-power, high-perfor
mance, ease of use, and 1/0 flexibility make the 
PIC16CR54 very versatile even in areas where no 
microcontroller use has been considered before (e.g. 

systems, co-processor applications). 
timer functions, replacement of "glue• logic in larger • 
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PIC16CR54 

2.0 ARCHITECTURAL DESCRIPTION 

2.1 Harvard Architecture 

The PIC16CR54 single-chip microcomputer is a low
power, high-speed, fully static CMOS device containing 
ROM, RAM, 1/0, and a central processing unit on a 
single chip. 

The architecture is based on a register file concept with 
separate bus and memories for data and instructions 
(Harvard architecture). The data bus and memory (RAM) 
are 8-bits wide while the program bus and program 
memory (ROM) have a width of 12-bits. This concept 
allows a simple yet powerful instruction set designed to 
emphasize bit, byte and register operations under high 
speed with overlapping instruction fetch and execution 
cycles. In other words, while one instruction is executed, 
the following instruction is already being read from the 
program memory. A block diagram of the PIC16CR54 is 
given in Figure 2.1.1. 

TABLE 2.1.1 - PIN FUNCTION TABLE 

Name Function 

RAO- RA3 l/OPORTA 
RBO- RB7 1/0 PORTB 
RTCC Real Time Clock/Counter 
MCLR Master Clear 
OSC1/CLKIN Oscillator (input)/External 

Clock Input 
OSC2/CLKOUT Oscillator (output) 
Voo Power supply 
Vss Ground 

2.2 Clocking Scheme/Instruction Cycle 

The clock input (from pin OSC1) is internally divided by 
four to generate four non overlapping quadrature clocks 
namely 01, 02, 03 and 04. Internally, PC is incre
mented every 01, instruction is fetched from program 
memory and latched into instruction register in 04. It is 
decoded and executed during the following 01 through 
04. The clocks and instruction execution flow is shown 
in Figure 2.2.1. 

2.3 Data Register File 

The 8-bit data bus connects two basic functional ele
ments together: the Register File composed of 32 ad
dressable 8-bit registers including the 1/0 Ports, and an 
8-bit wide Arithmetic Logic Unit. The 32 bytes of RAM 
are directly addressable (Figure 2.3.1 ). Data can be 
addressed direct, or indirect using the file select register 
(f4). Immediate data addressing is supported by special 
'literal' instructions which load data from program 
memory into the W register. 

The register file is divided into two functional groups: 
operational registers and general purpose registers. 
The operational registers include the Real Time Clock 
Counter (RTCC) register, the Program Counter (PC), 
the Status Register, the 1/0 registers (PORTs), and the 
File Select Register. The general purpose registers are 
used for data and control information under command of 
the instructions. 

In addition, special purpose registers are used to control 
the 1/0 port configuration, and the prescaler options. 

FIGURE 2.2.1 - CLOCKS/INSTRUCTION CYCLE 

01IClllCX!IQ4 01IClllCX!I04 

OSC1 ' 

:} lntemal 
' Phase 
' Clocks 
' 

Q1 

Q4 

~ /r-----~~-----V-----PC-+-1-----V-----~PC~+-2----~ 
(Program Counter) ' 

OSC2/CLKOUT 

(RCMode) ~' ------------< 
~ Fe1ch INST PC 

Execute INST (f>C..1) Fetch INST (PC+ 1) 
IN +2 

Execute INST(PC+1) 
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2.4 Arithmetic/Logic Unit (ALU) 

The 8-bit wide ALU contains one temporary working 
register (W Register). It performs arithmetic and Bool
ean functions between data held in the W Register and 
any file register. It also does single operand operations 
on either the W register or any file register. 

2.5 Program Memory 

512 words of 12-bit wide on-chip read only program 
memory (ROM) can be directly addressed. Sequencing 
of instructions is controlled via the Program Counter 
(PC) which automatically increments to execute in-line 
programs. Program control operations, supporting di
rect, indirect, relative addressing modes, can be per
formed by Bit Test and Skip instructions, Call instruc
tions, Jump instructions or by loading computed ad
dresses into the PC. In addition, an on-chip two-level 
stack is employed to provide easy to use subroutine 
nesting. 

3.0 PIC16CR54 OVERVIEW 

A wide variety of oscillator types, frequency ranges, and 
packaging options are available. Depending on applica
tion and production requirements the proper device 
option can be selected using the information and tables 
in this section. When placing orders, please refer to the 
part numbering system on the back page of this docu
ment. 

To facilitate development and initial production phases, 
Microchip offers UV erasable EPROM version, One 
Time Programmable (OTP) version as well as Ouick
Turnaround-Production (OTP) devices as described in 
the following sections. For more details on these, please 
refer to 'PIC16C5X data-sheet' (Literature number 
DS30015) or contact your nearest sales office. 

TABLE 3.0.1 - OVERVIEW OF PIC16CR54 DEVICES 

Part# ROM RAM• l/O 
Supply 
Voltage 

PIC16CR54RC 512 x 12 32x8 12 2.5-6.25 v 

PIC16CR54XT 512 x 12 32x8 12 2.5-6.25 v 

PIC16CR54HS 512 x 12 32x8 12 4.5-5.5 v 

PIC16CR54LP 512 x 12 32x8 12 2.0-6.25 v 

• Including special function registers. 

PIC16CR54 

3.1 UV Erasable Device for Program 
Development 

Microchip offers PIC16C54, the EPROM based version 
of the PIC16CR54 for program development. This 
device is optimal for prototype development and pilot 
series. The desired oscillator configuration is EPROM 
programmable as 'RC', 'XT', 'HS' or 'LP'. An erased 
device is configured as 'RC' type by default. The user 
should refer to the PIC16C5Xdatasheetforfull electrical 
specification of these parts. 

3.2 One-Time-Programmable (OTP} Devices 

The availability of OTP devices is especially useful for 
customers expecting frequent code changes and up
dates. OTP devices are ideal for initial production runs. 
OTP devices have the oscillator type pre-configured by 
the factory. 

3.3 Quick-Turnacound-Production (QTP) 
Devices 

Microchip offers a OTP Programming Service forfactory 
production orders. OTP devices are also ideal for initial 
production. This service is made available for users who 
chose not to program a medium to high quantity of units 
and whose code patterns have stabilized. The devices 
are identical to the OTP devices but with all EPROM 
locations and fuse options already programmed by the 
factory. Certain code and prototype verification proce
dures do apply before production shipments are avail
able. Please contact your Microchip Technology sales 
office for more details. 

Frequency Package 
Range .. Options 

DC-4 MHz 18L PDIP, 18L SOIC (300 mil), 
20LSSOP 

0.1 -4MHz 18L PDIP, 18L SOIC (300 mil), 
20LSSOP 

4-20MHz 18L PDIP, 18L sore (300 mil), 
20LSSOP 

DC-200KHz 18L PDIP, 18L SOIC (300 mil), 
20LSSOP 

All devices operate down to DC when external clock is applied. 
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FIGURE 2.3.1 - PIC16CR54 DATA MEMORY MAP 

FILE 
ADDRESS 7 6 5 4 3 2 1 0 

00 INDIRECT ADDA. (") 

01 RTCC CALL B 7 6 5 4 3 2 1 0 B 7 6 5 4 3 2 1 0 
RETLW 1--1 02 AB PC STACK1 STACK2 

03 STATUS 

04 FSA 
7 6 5 4 3 2 1 0 

05 PORTA 
TRISA 5 4 3 2 1 0 

06 PORTS 
TRISB OPTION 

07 

OB 

09 GENERAL TO AND FROM 

OA 
REGISTER FILE 

PURPOSE VIA ALU 
OB w 

REGISTER 
oc 

L FROM PROGRAM MEMORY 
OD 

FILE 

OE 

OF 

10 

11 

12 

13 

14 

15 

16 
GENERAL 

17 PURPOSE 

18 
REGISTER 

FILE 

19 

1A 

16 

1C 

1D 

1E 

1F 

(") NOT A PHYSICALLY IMPLEMENTED REGISTER. 
SEE SECTION "OPERATIONAL REGISTER FILES" FOR DETAILS 
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4.0 OPERATIONAL REGISTER FILES 

4.1 Indirect Data Addressing (!NOE) 

This is not a physically implemented register. Address
ing INDF calls for the contents of the File Select Register 
to be used to select a file register. INDF is useful as an 
indirect address pointer. For example, in the instruction 
ADDWF INDF, W will add the contents of the register 
pointed to by the FSA to the content of the W Register 
and place the result in W. 

If INDF itself is read through indirect addressing (i.e. 
FSA = Oh), then OOh is read. If INDF is written to via 
indirect addressing, the result will be a NOP. 

4.2 Real Time Clock/Counter Register 
~ 

This register can be loaded and read by the program as 
any other register. In addition, its contents can be 
incremented by an external signal edge applied to the 
RTCC pin, or by the internal instruction cycle clock 
(CLKOUT =fosc/4 ). Figure 4.2.1 is a simplified block 
diagram of RTCC. 

An 8-bit prescaler can be assigned to the RTCC by 
writing the proper values to the PSA bit and the PS bits 
in the OPTION register. OPTION register is a special 
register (not mapped in data memory) addressable 
using the 'OPTION' instruction. See Section 7.4 for 
details. If the prescaler is assigned to the RTCC, 
instructions writing to RTCC (e.g. CLRF RTCC, or 
BSF RTCC,5, ... etc.) clear the prescaler. 

The bit "ATS' (RTCC signal Source) in the OPTION 
register determines, if RTCC is incremented internally or 
externally. 

RT5=1: The clock source for the RTCC or the pres
caler, if assigned to it, is the signal on the RTCC 
pin. Bil 4 of the OPTION register (RTE) deter
mines, if an increment occurs on the falling 
(RTE=1) or rising (RTE=O) edge of the signal 
presented to the RTCC pin. 

PIC16CR54 

RTS=O: The RTCC register or its prescaler, respec
tively, will be incremented with the internal 
instruction clock(= Fosc/4). The 'RTE' bit in the 
OPTION register and the RTCC pin are 'don't 
care• in this case. The RTCC pin must not be 
left floating (tie to either Voo or Vss). This 
prevents unintended entering of test modes 
and to reduce the current consumption in low 
power applications. 

As long as clocks are applied to the RTCC (from internal 
or external source, with or without prescaler), RTCC 
keeps incrementing and just rolls over when the value 
'FFh" is reached. All increment pulses for RTCC are 
delayed by two instruction cycles. After writing to RTCC, 
for example, no increment takes place for the following 
two instruction cycles. This is independent if internal or 
external clock source is selected. If a prescaler is as
signed to the RTCC, the output of the prescaler will be 
delayed by two cycles before RTCC is incremented. 
This is true for instructions that either write to or read
modify-write RTCC (e.g. MOVF RTCC, CLRF RTCC). 
For applications where RTCC needs to be tested for 
zero without affecting its count, use of MOVF RTCC, W 
instruction is recommended. Timing diagrams in 
Figure 4.2.2 show RTCC read, write and increment 
timing. 

4.2.1 USING BTCC WITH EXTERNAL CLOCK 

When external clock input is used for RTCC, it is syn
chronized with the internal phase clocks. Therefore, the 
external clock input must meet certain requirements. 
Also, there is some delay from the occurance of the 
external clock edge to the actual incrementing of RTCC. 
Referring to Figure 4.2.1, the synchronization is done 
after the prescaler. The output of the prescaler is 
sampled twice in every instruction cycle to detect rising 
or falling edges. Therefore, it is necessary for PSOUT 
to be high for at least 2 tosc and low for at least 2 tosc 
where lose = oscillator time period. 

FIGURE 4.2.1 • RTCC BLOCK DIAGRAM (SIMPLIFIED) 

DATA BUS 

RTCC 
fosc/4 0 

8 
PIN 

~ 
SYNC WITH 
INTERNAL 

PROGRAMMABLE 
CLOCKS 

RTCC(8) 

RTE 
RTS PRESCALER (2 CYCLE DELAY) 

PS2, PS1, PSO PSA 

Notes: 1. Bits, RTE, ATS, PS2, PS1, PSO are located in option register. 
2. The prescaler is shared with Watchdog Timer (see Figure 9.0.1 ). 
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When no orescaler is used, PSOUT (Prescaler output, 
see Figure 4.2.2.1) is the same as RTCC clock input and 
therefore the requirements are: 

TRTH = RTCC high time ~ 2tosc + 20 ns 
TRTL = RTCC low time ~ 2tosc + 20 ns 

When prescaler is used, the RTCC input is divided by the 
asynchronous ripple counter-type prescaler and so the 
prescaler output is symmetrical. 
Then: PSOUT high time = PSOUT low time = N • ;RT 
where TRT = RTCC input period and N = prescale value 
(2, 4, .... , 256). The requirement is, therefore N •TAT 
~ 2 lose + 20 ns, or TAT ~ 4 lose + 40 ns . 2 

N 

The user will notice that no requirement on RTCC high 
time or low time is specified. However, if the high time 
or low time on RTCC is too small then the pulse may not 
be detected, hence a minimum high or low time of 1 Ons 
is required. In summary, the RTCC input requirements 
are: 

TAT 
TRTH 
TRTL 

RTCC period~ (4 lose+ 40 ns)/N 
RTCC high time~ 10ns 
RTCC low time~ 10ns 

4.2.2 DELAY FROM EXTERNAL CLOCK EDGE 

Since the prescaler output is synchronized with the 
internal clocks, there is a small delay from the time the 
external clock edge occurs to the time the RTCC is 
actually incremented. Referring to Figure 4.2.2.1, the 
reader can see that this delay is between 3 lose and 7 
lose. Thus, for example, measuring the interval be
tween two edges (e.g. period) will be accurate within ±4 
lose (±500ns @ 8 MHz). 

4.3 Program Counter (PC) 

The program counter generates the addresses for on
chip ROM containing the program instruction words 
(Figure 4.3.1 ). 

The program counter is set to all "1's upon a RESET 
condition. During program execution it is auto 
incremented with each instruction unless the result of 
that instruction changes the PC itself: 

a) 'GOTO' instructions allow the direct loading of the 
lower nine program counter bits (PC <8:0>). 

b) 'CALL' instructions load the lower 8-bit of the PC 
directly while the ninth bit is cleared to •o•. The PC 
value, incremented by one, will be pushed into the 
stack. 

c) 'RETLW' instructions load the program counter 
with the top of stack contents. 

FIGURE 4.2.2A • RTCC TIMING: INT CLOCK/NO PRESCALE 

FC 
(PROGRAM 
COUNTER) : 

PC-1 FC PC+ 1 PC+? PC+3 I PC+4 PC+S I PC+6 

INST= : MOVF RTCC, W : MOVF RTCC, W : MOVF RTCC, W : MOVF RTCC, W : MOVF RTCC, W : 
I MOVWF RTCC I I 

RT+1 I RT+2 I NRT NRT NRT+1 NAT+? NRT+3 X:::::: . t ' t ' t . t . t 
WriteRTCC ' ReadRTCC . ReadRTCC ' ReadRTCC . Read RTCC ' ReadRTCC 
execu1ed . reads NAT raadsNRT reads NAT+ 1 ' readsNRT+2 ' reads NAT +3 

FIGURE 4.2.28 • RTCC TIMING: INT CLOCK/PRESCALE 1 :2 

FC 
(PROGRAM 
COUNTER) 

RTCC 

l'C-1 

DS30075E-page 8 

FC ~ PC+1 I PC+2 I PC+3 I PC+4 I PC+S ~ PC+6 

I MOVWF RTCC I MOVF RTCC, w I MOVF RTCC, w I MOVF RTCC. w I MOVF RTCC, w I MOVF RTCC, w I 

RT+1 : NRT NRT+1 

' t t ' t ' t . t ' t 
' WriteRTCC ' ReadRTCC ReadRTCC Read RTCC I Read RTCC I Read RTCC I 

executed "'ads NAT raads NRT 1 reads NRT 1 reads NAT reads NAT 
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d) If PC is the destination in any instruction (e.g. 
MOVWF PC, ADDWF PC, or BSF PC,5) then the 
computed 8-bit result will be loaded into the low 
8-bits of program counter. The ninth bit of PC will be 
cleared. 

It should be noted that because bit 8 (ninth bit) of PC is 
cleared in CALL instruction or any instruction which 
writes to the PC (e.g. MOVWF PC), all subroutine calls 
or computed jumps are limited to the first 256 locations 
of the program memory page (512 words long). 

4.4 STACK 

The PIC16CR54 has a two-level (9-bit wide) hardware 
push/pop stack (Figure 4.3.1 ). 

PIC16CR54 

CALL instructions push the current program counter 
value, incremented by' 1 ', into stack level 1. Stack level 
1 is automatically pushed to level 2. If more than two 
subsequent 'CALL 's are executed, only the most recent 
two return addresses are stored. 

RETLW instructions load the contents of stack level 1 
into the program counter while stack level 2 gets copied 
into level 1. If more than two subsequent 'RETLW's are 
executed, the stack will be filled with the address previ
ously stored in level 2. Note that the W register will be 
loaded with the literal value specified in the RETLW 
instruction. This is particularly useful for the implemen
tation of "data' tables within the program memory. 

FIGURE 4.2.2.1 - RTCC TIMING WITH EXTERNAL CLOCK 

:~1~1m1~:~1m1m1~:~1m1~1~:~1m1m1~: 

EXT CLOCK INPUT OR 
PRESCALER OUT (NOTE 2) , ~~......_, ___ ,_.., 

Small pulse 1 

misses sam ling 

EXT CLOCK/PRESCALER 
OUTPUT AFTER SAMPLING 

INCREMENT RTCC (04) •~-----~---~ 

t 

RTCC '------~:R~---~X~_..,.~R~+~1 __ ,_X_,__~R~+~2~ _ ___. 

Notes: 

1. Delay from clock input change to RTCC increment is 3 lose to 7 tosc. (Duration of Q = tosc). 
Therefore, the error in measuring the interval between two edges on RTCC input=± 4 lose max. 

2. External clock if no prescaler selected, Prescaler output otherwise. 
3. The arrows indicate the points in time where sampling occurs. 

FIGURE 4.3.1 - PROGRAM MEMORY ORGANIZATION 

PC 

-(GOTO ...............................•.........•.....•..............• DIRECT FROM INSTRUCTION WORD 
CALL, INST WITH PC AS DESTINATION •........ ALWAYS "O" 

8 

PAGED 

-(GOTO, CALL ...............•........................... DIRECT FROM INSTRUCTION WORD 
INST WITH PC AS DESTINATION......... FROM ALU 

RETLW A 
STACK LEVEL 1 

9BIT 
STACK LEVEL 2 

000 

OFF 

100 

1FF 
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4.5 StatUS Word Register 

This register contains the arithmetic status of the ALU, 
and the RESET status. 

The STATUS register can be destination for any instruc
tion like any other register. However, the status bits are 
set after the following write. Furthermore, TO and PD 
bits are not writable. Therefore, the result of an instruc
tion with STATUS register as destination may be differ
ent than intended. For example, CLRF STATUS will 

FIGURE 4.5.1 ·STATUS WORD REGISTER 

(1) (6) (!i) (4) ('3) ~ (1) 

clear all bits except for TO and PD and then set the Z bit 
and leave the STATUS register as OOOXX100 (where X 
= unchanged). 

It is recommended, therefore, that only BCF, BSF and 
MOVWF instructions are used to alter the STATUS 
registers because these instructions do not affect any 
status bit. 

For other instructions affecting status bits, see Section 
"Instruction Set Summary.• 

RESET CONDITION: 
PA2,PA1, PAOclearedto'O'. 

c ] TO, PD are set or reset as shown In Table 4.5.1.1 

L Z, DC, C are unknown on power on reset and 
unchanged in any other reset. 

CARRY BIT: 
For ADDWF and SUBWF Instructions, this bH is set if there is 
a carry out from the most significant bit of the resultant. 
Note that a subtraction Is executed by adding the two's 
complement of the second operand. For rotate (RAF, ALF) 
instructions, this bit is loaded with either the high or low 
order bit of the souroe register. 

~-- DIGIT CARRY BIT: 
For ADDWF and SUBWF instructions, this bH is set if there is 
a carry out from the 4th low order bH of the resultant . 

..__ _____ ZERO BIT: 

Set if the result of an arithmetic or logic operation is zero. 
Reset otherwise. 

I 

-------- POWER DOWN BIT: 
Set to "1" during power up or by a CLRWDT command. This 
bit is reset to •o• by a SLEEP instruction. 

~---TIME-OUT BIT: 
Set to "1" during power up and by the CLRWDT and SLEEP 
command. This bit Is reset to •o• by a watchdog timer time 
out 

---------------- Three general purpose readfwrite bits 
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4.5.1 TIME OUT AND POWER DOWN STATUS 
BITS (JQ. PDl 

The TO and PD bits in the STATUS register can be 
tested to determine if a RESET condition has been 
caused by a Watchdog Timer time-out, a power-up 
condition, or a wake-up from SLEEP by the Watchdog 
Timer or MCLR pin. 

These status bits are only affected by events listed in 
Table4.5.1.1. 

TABLE 4.5.1.1 - EVENTS AFFECTING 
PD/TO STATUS BITS 

Event TO PD Remarks 

Power-up 1 1 -
WOT Timeout 0 x No effect on PD 
SLEEP instruction 1 0 
CLRWDT instruction 1 1 

Note: A WOT timeout will occur regardless of the 
status of the TO bit. A SLEEP instruction will be 
executed, regardless of the status of the PD bit. 
Table 4.5.1.2 reflects the status of PD and TO 
after the corresponding event. 

«:> 1994 Microchip Technology Incorporated 

PIC16CR54 

TABLE 4.5.1.2- PD/TO STATUS AFTER 
RESET 

TO PD RESET was caused by 

0 0 WOT wake-up from SLEEP 
0 1 WOT time-out (not during SLEEP) 
1 0 MCLR wake-up from SLEEP 
1 1 Power-up 
x x = Low pulse on MCLR input 

Note: The PD and TO bit maintain their status (X) 
until an event of Table 4.5.1.1 occurs. A low
pulse on the MCLR input does not change the 
PD and TO status bits. 

4.6 File Select Register (FSA) 

Bits 0-4 select one of the 32 available file registers in the 
indirect addressing mode (that is, calling for file INDF in 
any of the file oriented instructions). 

Bits 5-7 of the FSR are read-only and are always read as 
'one's. 

If no indirect addressing is used, the FSR can be used 
as a 5-bit wide general purpose register. 
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5.0 VO REGISTERS {PORTS) 

The 1/0 registers can be written and read under program 
control like any other register of the register file. How
ever, •read' instructions (e.g. MOVF PORTB,W) always 
read the 1/0 pins, regardless if a pin is defined as "input" 
or 'output.' Upon a RESET condition, all 1/0 ports are 
defined as "input' (= high impedance mode) as the 1/0 
control registers (TRISA, TRISB) are all set to 'ones.• 

The execution of a 'TRIS I' instruction with correspond
ing 'zeros' in the W-register is necessary to define any 
of the 1/0 pins as output. 

5.1 f.QBIA 

4-bit 1/0 register. Low order 4-bits only are used (RAO -
RA3). Bits 4- 7 are unimplemented and read as 'zeros.• 

5.2 PORTS 

8-bit 1/0 register. 

5.3 VO Interfacing 

The equivalent circuit for an VO port bit is shown in 
Figure 5.3.1. All ports may be used for both input and 
output operations. For input operations these ports are 
non-latching. Any input must be present until read by an 
input instruction (e.g. MOVF PORTB, W). The outputs 
are latched and remain unchanged until the output latch 
is rewritten. To use a port pin as output, the correspond
ing direction control bit (in TRISA, TRISB) must be set to 
zero. For use as an input, the corresponding TRIS bit 
must be 'one'. Any 1/0 pin can be programmed individu
ally as input or output. 

FIGURE 5.3.1 - EQUIVALENT CIRCUIT 
FOR A SINGLE 110 PIN 

FROM 
DATA 

BUS 

'WRITE' 

D Q 

CK 

DATA 
LATCH 

TO DATA BUS 

FROM 
W·REGISTER 

'TRISr 
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1/0 
CONTROL 

LATCH 

CK SET 0 

'RESET' 

Voo 

02 

1/0 
PIN 
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5.4 1/0 Programming Considerations 

5.4.1 BIDIRECTIONAL 1/0 PORTS 

Some instructions operate internally as read followed by 
write operations. The BCF and BSF instructions, for 
example, read the entire port into the CPU, execute the 
bit operation, and re-output the result. Caution must be 
used when these instructions are applied to a port where 
one or more pins are used as input/outputs. For ex
ample, a BSF operation on bit 5 of PORTS will cause all 
eight bits of PORTS to be read into the CPU. Then the 
BSF operation takes place on bit 5 and PORTS is re
output to the output latches. If another bit of PORTB is 
used as a bidirectional 1/0 pin (say bit O) and it is defined 
as an input at this time, the input signal present on the pin 
itself would be read into the CPU and re-written to the 
data latch of this particular pin, overwriting the previous 
content. As long as the pin stays in the input mode, no 
problem occurs. However, if bit O is switched into output 
mode later on, the content of the data latch may now be 
unknown. 

A pin actively outputting a •o• or "1' should not be driven 
from external devices at the same time in order· to 
change the level on this pin ('wired-or', 'wired-and"). 
The resulting high output currents may damage the chip. 

5.4.2 SUCCESSIVE OPERATIONS ON 1/0 PORTS 

The actual write to an 1/0 port happens at the end of an 
instruction cycle, whereas for reading, the data must be 
valid atthe beginning of the instruction cycle (see Figure 
5.5.2.1 ). Therefore, care must be exercised if a write 
followed by a read operation is carried out on the same 
1/0 port. The sequence of instructions should be such to 
allow the pin voltage to stabilize (load dependent) before 
the next instruction which c.auses that file to be read into 
the CPU is executed. Otherwise, the previous state of 
that pin may be read into the CPU rather than the new 
state. When in doubt, it is better to separate these 
instructions with a NOP or an other instruction not 
accessing this 1/0 port. 
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FIGURE 5.4.2.1 - 1/0 PORT READ/WRITE TIMING 

:~1~1m1~:~1~1m1~:~1~1m1~:~1~1m1~: Note: 

PC ~ PC ~ PC+ 1 ~ : PC+2 X PC+3 : 
Instruction ' MOVWF PORTB , MOVF PORTB, W , ' NOP NOP 

This example shows write 
to PORTB followed by a 
read from PORTB. Note 
that the data setup time = 
(0.25 TCY • TPD) where 
TCY = instruction cycle 
Therefore, at higher clock 
frequencies, write followed 
by a read may be 
problematic. 

fetched ' Write to PORTB ' Read PORTB ' 

RB(7:0) :~------------"~""""~t----~: -----, 
' 1 Portpin ' 
' ' ' , 1 sampled here 1 

~,T~~ 
Execute ' Execute 

' MOVWF PORTB ' MOVF PORTB, W ' 
Execute 

NOP 

6.0 GENERAL PURPOSE 
REGISTERS 

f07h - f1 Fh: are general purpose register files. 

7.0 SPECIAL PURPOSE REGISTERS 

7.1 W Working Register 

Holds second operand in two operand instructions and/ 
or supports the internal data transfer. 

7.2 TRISA VO Control Register For 
PORTA 

Only bits O - 3 are available. The 1/0 PORTA is only 
4-bits wide. 

FIGURE 7.4.1 - OPTION REGISTER 

4 3 

[ ATS I RTE I PSA I PS2 I PS1 I PSO 

\ I 

7.3 TRISB 1/0 Control Register For 
PORTB 

The 1/0 control registers will be loaded with the content 
of the W register by executing of the TRIS f instruction. 
A '1' in the 1/0 control register puts the corresponding 
1/0 pin into a high impedance mode. A •o• puts the 
contents offile register PORTA or PORTB, respectively, 
out on the selected 1/0 pins. 

These registers are 'write-only' and are set to all "ones• 
upon a RESET condition. 

7 .4 OPTION Prescaler/RTCC Option 
Register 

Defines prescaler assignment (RTCC or WOT), pres
calervalue, signal source and signal edge for the RTCC. 
The OPTION register is 'write-only' and is 6-bits wide. 

By executing the "OPTION" instruction, the contents of 
the •w• register will be transferred to the option register. 
Upon a RESET condition, the option register is set to all 
'ones.• 

AESETVALUE: 111111b 

PRESCALER VALUE RTCC RATE WOT RATE 

0 
1 
0 
1 
0 
1 
0 
1 

1 : 2 
1 : 4 
1 : 8 
1 : 16 
1 : 32 
1 : 64 
1 : 128 
1 : 256 

1: 1 
1 : 2 
1 : 4 
1 : 8 
1 : 16 
1 : 32 
1 : 64 
1 : 128 

~----- PRESCALER ASSIGNMENT BIT: 
0 .... RTCC 
1 .... WOT 

~------- RTCC SIGNAL EDGE: 
0 .... INCREMENT ON LOW·TO-HIGH TRANSITION ON RTCC PIN 
1 .••• INCREMENT ON HIGH-TO-LOW TRANSITION ON RTCC PIN 

~---------- RTCCSIGNALSOURCE: 
0 .... INTERNAL INSTRUCTION CYCLE CLOCK (CLKOUT) 
1 .... TRANSITION ON RTCC PIN 
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8.0 RESET CONDITION 
A RESET condition can be caused by applying power to 
the chip (power-up), pulling the MCLR input 'low', or by 
a Watchdog Timer timeout. The device will stay in 
RESET as long as the Oscillator Start-up Timer (OST) is 
active or the MCLR input is 'low.· 

The Oscillator Start-up Timer is activated as soon as 
MCLR input is sensed to be high. This implies that in 
case of power on reset with MCLR tied to Voo the OST 
starts from power-up. In case of a WOT timeout, it will 
start at the end of the time-out (since MCLR is high). In 
case of MCLR reset, the OST will start when MCLR goes 
high. The nominal OST time-out period is 18ms. See 
Section 13.0 for detailed information on OST and Power
On Reset. 

During a RESET condition the state of the PIC16CR54 
is defined as: 

• The oscillator is running, or will be started (power
up or wake-up from SLEEP). 

• All 1/0 port pins (RAO - RA3, RBO - RB7) are put into 
the high-impedance state by setting the 'TRIS' reg
isters to all "ones' (= input mode). 

• The Program Counter is set to all 'ones' (1 FFh). 
• The OPTION register is set to all 'ones'. 
• The Watchdog Timer and its prescaler are cleared. 

The upper-three bits (page select bits) in the STATUS 
Register are cleared to 'zero.• 

• 'RC' devices only: The "CLKOUT' signal on the 
OSC2 pin is held at a"low' level. 

9.0 PRESCALER 
An 8-bit counter is available as a prescalerfor the RTCC, 
or as a post-scaler for the Watchdog Ttimer, respectively 
(Figure 9.0.1). For simplicity, this counter is being 
referred to as 'prescaler· throughout this data sheet. 
Note that there is only one prescaler available which is 
mutually exclusively shared between the RTCC and the 
watchdog timer. Thus, a prescaler assignment for the 
RTCC means thatthere is no prescalerforthe Watchdog 
Timer, and vice-versa. 

The PSA and PSO-PS2 bits in the OPTION register 
determine the prescaler assignment and pre-scale ratio. 
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When assigned to the RTCC, all instructions writing to 
the RTCC (e.g. CLRF RTCC, MOVWF RTCC, BSF 
RTCC, x .... etc.) will clear the prescaler. When assigned 
to WOT, a CLRWDT instruction will clear the prescaler 
along with the Watchdog Timer. 

9.1 Switching Prescaler Assignment 

CHANGING PRESCALER FROM RTCC TO WOT 

The prescaler assignment is fully under software con
trol, i.e., it can be changed 'on the fly' during program 
execution. To avoid an unintended device RESET, the 
following instruction sequence must be executed when 
changing the prescaler assignment from RTCC to WOT: 

1. MOVLW B'xxOxOxxx' 
2. OPTION 

3. CLRF 1 
4. MOVLW B'xxxx1xxx' 

5. OPTION 
6.CLRWOT 

r1. MOVLW B'xxxx1xxx' 
La. OPTION 

; Select internal clock and select new 
; prescaler value. If new prescale value 
; is = '000' or '001 '. then select any other 
; prescale value temporarily. 
; Clear RTCC and~ 
; Select WOT, do not change prescale 
; value. 

; Clears WOT and~ 
; Select new prescale value. 

Steps 1 and 2 are only required if an external RTCC 
source is used. Steps 7 and 8 are necessary only if the 
desired prescale value is 'OOO'or '001 '. 

CHANGING PRESCALER FROM WOT TO RTCC 

To change prescalerfrom WDTto RTCC use the follow
ing sequence: 

1. CLRWOT ; Clear WOT and~ 
2. MOVLW B'xxxxOxxx' ; Select RTCC, new prescale value 

; and clock source 
3. OPTION 
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FIGURE 9.0.1 - BLOCK DIAGRAM RTCCIWDT PRESCALER 
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10.0 BASIC INSTRUCTION SET 
SUMMARY 

Each PIC16CR54 instruction is a 12-bit word divided 
into an OPCODE which specifies the instruction type 
and one or more operands which further specify the 
operation of the instruction. The PIC16CR54 instruction 
set summary in Table 10.0.1 lists byte-oriented, bit
oriented, and literal and control operations. 

For byte-oriented instructions, 'f' represents a file regis
ter designator and 'd' represents a destination designa
tor. The file register designator specifies which one of 
the 32 PIC16CR54 file registers is to be utilized by the 
instruction. 

The destination designator specifies where the result of 
the operation is to be placed. If 'd' is zero, the result is 
placed in the W register. If "d" is one, the result is placed 
in the file register specified in the instruction. 

For bit-oriented instructions, 'b' represents a bit field 
designator which selects the number of the bit affected 
by the operation, while 'f" represents the number of the 
file in which the bit is located. 

For literal and control operations, 'k' represents an 8- or 
9-bit constant or literal value. 

All instructions are executed within one single instruc
tion cycle, unless a conditional test is true or the program 
counter is changed as a result of an instruction. In this 
case, the execution takes two instruction cycles. One 
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Note: RTE, RTS, PSA, PSO-PS2 
are bits In the OPTION register. 

instruction cycle consists of four oscillator periods. Thus, 
for an oscillator frequency of 4 MHz, the nonnal instruc
tion execution time is 1 µsec. If a conditional test Is true 
or the program counter is changed as a result of an 
instruction, the instruction execution time is 2 µsec. 

Notes to Table 10.0.1 

Note 1: The9thbitoftheprogramcounterwillbeforced 
to a 'zero' by any instruction that writes to the 
PC except for GOTO (e.g. CALL, MOVWF PC 
etc.). See Section 4.3 for details. 

Note 2: When an 1/0 register is modified as a function of 
itself ( e.g. MOVF PORTB, 1 ), the value used 
will be that value present on the pins them
selves. For example, if the data latch is '1' for 
a pin configured as input, and it is driven low by 
an external device, the data latch will be written 
back with a 'O'. 

Note 3: The instruction 'TRIS f', wheref=5or6 causes 
the contents of the W register to be written to the 
tristate latches of the specified file (port). A 
'one' forces the pin to a high impedance state 
and disables the output buffers. 

Note 4: If this instruction is executed on file register 
RTCC (and, where applicable, d=1 ), the pres
caler will be cleared if assigned to the RTCC. 
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TABLE 10.0.1 - INSTRUCTION SET SUMMARY 

(11-6) (5) (4 - 0) 

BYTE-ORIENTED FILE REGISTER OPERATIONS I OPCODE I d I f(FILE #) I 
d = O for destination W 

d = 1 for destination f 

Instruction-Binary (Hex) Name Mnemonic, Operands Operation Status AHected Notes 

0001 lldf ff ff lCf Add Wand f ADDWF d W+f~d C,DC,Z 1,2,4 
0001 Oldf ff ff 14f ANDWandf ANDWF d W&f~d z 2,4 
0000 Ollf ff ff 06f Clear f CLRF O~f z 4 
0000 0100 0000 040 ClearW CLRW o~w z 
0010 Oldf ff ff 24f Complement f COMF d f~d z 2,4 
0000 lldf ff ff OCf Decrement f DECF d f-1 ~ d z 2,4 
0010 lldf ff ff 2Cf Decrement f,Skip if Zero DECFSZ d f - 1 ~ d, skip if zero None 2,4 
0010 lOdf ff ff 2Bf Increment f INCF d f + 1 ~d z 2,4 
0011 lldf ff ff 3Cf Increment f,Skip if zero INCFSZ d f + 1 ~ d, skip if zero None 2,4 
0001 OOdf ffff lOf Inclusive OR Wand f IORWF d Wvf~d z 2,4 
0010 OOdf ff ff 20f Move f MOVF f, d f~d z 2,4 
0000 OOlf fff f 02f Move Wto f MOVWF I w~f None 1,4 
0000 0000 0000 000 No Operation NOP - - None 
0011 Oldf ff ff 34f Rotate left f RLF I, d f(n) ~ d(n+ 1), C ~ d(O), f(7) ~ C c 2,4 
0011 OOdf fff f 30f Rotate right f RRF I, d f(n) ~ d(n-1 ), C ~ d(7), f(O) ~ C c 2,4 

0000 lOdf ff ff OBf Subtract W from f SUBWF 
'· d 

f - w ~ d [f + w + 1 ~ d) C,DC,Z 1,2,4 
0011 lOdf ff ff 38£ Swap halves f SWAPF 

'· d 
f(0-3) tt f( 4-7) ~ d None 2,4 

0001 lOdf ff ff lBf Exclusive OR W and f XORWF I, d W9 f~d z 2,4 

(11-8) (7-5) (4 - O) 
BIT-ORIENTED FILE REGISTER OPERATIONS I OPCODE I b(BIT #)I f(FILE #) I 

Instruction-Binary (Hex) Name Mnemonic, Operands Operation Status AHected Notes 

0100 bbbf ff ff 4bf Bit Clear f BCF f, b 0 ~f(b) None 2,4 

0101 bbbf ffff 5bf Bit Set f BSF 
'· b 

1 ~ f(b) None 2,4 
0110 bbbf ff ff 6bf Bit Test f,Skip if Clear BTFSC 

'· b 
Test bit (b) in file (f): Skip if clear None 

0111 bbbf ff ff 7bf Bit Test f, Skip if Set BTFSS 
'· b 

Test bit (b) in file (f): Skip if set None 

(11-8) (7 - O) 

LITERAL AND CONTROL OPERATIONS I OPCODE I k (LITERAL) I 
Instruction-Binary (Hex) Name Mnemonic, Operands Operation Status AHected Notes 

1110 kkkk kkkk Ekk AND Literal and W ANDLW k k&W~W z 
1001 kkkk kkkk 9kk Call subroutine CALL k PC + 1 ~ Stack, k ~ PC None 1 
0000 0000 0100 004 ClearWatchdog timer CLRWDT - O ~WOT (and prescaler, if assigned) TO,PD 
10 lk kkkk kkkk Akk Go To address (k is 9 bit) GOTO k k ~ PC (9 bits) None 
1101 kkkk kkkk Dkk Incl. OR Literal and W IORLW k kvw~w z 
110 0 kkkk kkkk Ckk Move Literal to W MOVLW k k~W None 
0000 0000 0010 002 Load OPTION register OPTION - W ~ OPTION register None 
1000 kkkk kkkk Bkk Return.place Literal in W RETLW k k~ W, Stack~ PC None 
0000 0000 0011 003 Go into standby mode SLEEP - O ~ WDT, stop oscillator TO,PD 
0000 0000 Offf OOf Tristate port f TRIS I w~ 1/0 control register f None 3 
1111 kkkk kkkk Fkk Exel. OR Literal and W XORLW k k9W~W z 

Notes: See previous page 
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11.0 WATCHDOG TIMER (WOT) 

The Watchdog Timer is realized as a free running on
chip RC oscillator which does not require any external 
components. That means that the WOT will run, even if 
the clock on the OSC1/0SC2 pins of the device has 
been stopped, for example, by execution of a SLEEP 
instruction. A WOT timeout generates a device RESET 
condition. The WOT can be permanently disabled by 
specifying the WOT mask option. 

11.1 WOT Period 

The WOT has a nominal time-out period of 18ms (with no 
prescaler). The lime-out period varies with temperature, 
Voo and process variations from part to part (see DC 
specs). If longer lime-out perio.ds are desired, a pres
caler with a division ratio of up to 1: 128 can be assigned 
to the WOT under software control by writing to the 
OPTION register. Thus, timeout periods up to 2.5 sec
onds can be realized. 

The 'CLRWDT' and 'SLEEP' instructions clear the 
WOT and the prescaler count, if assigned to the WOT, 
and prevent it from timing out and generating a device 
RESET condition. 

The status bit, TO, in the STATUS register, will be 
cleared upon a Watchdog Timer timeout. 

The WOT period is a function of the supply voltage, 
operating temperature, and will also vary from unit to unit 
due to variations in the manufacturing process. Please 
refer to graphs in Section 18.0 and DC specs for more 
details. 

11.2 WOT Programming Considerations: 

It should also be taken in account that under worst case 
conditions (Voo =Min., Temperature= Max., max. WOT 
prescaler) it may take several seconds before a WOT 
timeout occurs. 
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12.0 OSCILLATOR CIRCUITS 

12.1 Oscillator Types 

The PIC16CR54 series is available with four different 
oscillator options. Two bits in the configuration word 
select one of these four modes. The customer specifies 
the desired oscillator type along with the ROM pattern. 
The parts are tested for the specific oscillator type. 

12.2 Crystal Oscillator 

The PIC16CR54-XT, -HS, or LP needs a crystal or 
ceramic resonator connected to the OSC1 and OSC2 
pins to establish oscillation (Figure 12.2.1 ). Note that the 
series resistor RS is only required for the 'HS" oscillator. 

12.3 RC Oscillator 

For timing insensitive applications the 'RC' oscillator 
option offers additional cost savings. The RC oscillator 
frequency is a function of the supply voltage, the resistor 
(Rext) and capacitor (Cext) values, and the operation 
temperature. In addition to this, the oscillator frequency 
will vary from unit to unit due to normal process param
eter variation. Furthermore, the difference in lead frame 
capacitance between package types will also affect the 
oscillation frequency, especially for low Cext values. 
The user also needs to take into account variation to due 
tolerance of external Rand C components used. Figure 
12.3.1 shows how the RIC combination is connected to 
the PIC16CR54. For Rex! values below 2.2 kOhm, the 
oscillator operation may become unstable, or stop com
pletely. For very high Rext values (e.g. 1 MOhm), the 
oscillator becomes sensitive to noise, humidity and 
leakage. Thus, we recommend to keep Rext between 5 
kOhm and 100 kOhm. 

Although the oscillator will operate with no external 
capacitor (Cext = O pF), we recommend using values 
above 20 pF for noise and stability reasons. With no or 
small external capacitance, the oscillation frequency 
can vary dramatically due to changes in external capaci
tances, such as PCB trace capacitance or package lead 
frame capacitance. 

See the tables in Section 18.0 for RC frequency variation 
from part to part due to normal process variation. The 
variation is larger for larger R (since leakage current 
variation will affect RC frequency more for large R) and 
for smaller C (since variation of input capacitance will 
affect RC frequency more). 

See graphs and tables in Section 18.0 for variation of 
oscillator frequency due to Voo for given Rext/Cext 
values as well as frequency variation due to operating 
temperature for given R, C and Voo values. 

The oscillator frequency, divided by4, is available on the 
OSC2/CLKOUT pin, and can be used for test purposes 
or to synchronize other logic (see Figure 2.2.1 for 
timing). 
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FIGURE 12.2.1- CRYSTAL OPERATION 
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Rs Is recommended for "HS" devices(1000 < Rs< 1Ka). RS 
may also be needed in XT mode for AT strip-out crystals to 
avoid overdriving. See Tables 12.2.1 and 12.2.2 fo1 
recommended values of C1, C2 and RS. 

TABLE 12.2.1 - CAPACITOR SELECTION FOR 
CERAMIC RESONATORS 

Oscillator Resonator Capacitor Range 
Type frequencyf 

XT 455KHz 150 - 330 pF 
2.0MHz 20-330 pF 
4..0..M..Hl 2Q. -_3_30...12F 

HS 8.0 MHz 20-200 pF 
20MHz 0-20pF 

Higher capacitance increases stability of oscillation but 
also increases start-up time. 

TABLE 12.2.2- CAPACITOR SELECTION FOR 
CRYSTAL OSCILLATOR 

Osc Freq C1 C2 
Type 

LP 32KHz 15 pF 15 pF 
100 KHz 15pF 15 pF 
200KHz 0-15J?.f 0- 15.Qf 
200KHz 15-50pF 15- 50 pF 

XT 100 KHz 15-30pF 200-300 pF 
200KHz 15-30pF 100-200 pF 
455 KHz 15-30pF 15 - 100 pF 
1 MHz 15-30 pF 15-30pF 
2MHz 15pF 15 pF 
4MHz 15 pF 15pF 

HS 4MHz 15pF 15 pF 
8MHz 15 pF 15 pF 

20MHz 15 pF 15 pF 

Higher capacitance increases stability of oscillator but 
also increases start-uptime. These values are for design 
guidance only. RS may be required in HS mode as well 
as XT. mode to avoid overdriVing crystals with low drive 
level specification. Since each crystal has its own 
characteristics, the user should consult the crystal manu
facturer for appropriate values of external components. 
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FIGURE 12.2.2 - EXTERNAL CLOCK INPUT 
OPERATION (HS, XT, or 
LP TYPES ONLY) 
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»----~ OSC1 
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Note: Losd on OSC2 must not exceed 15 pF for external 
clock operation. 

FIGURE 12.3.1 - RC OSCILLATOR (RC 
TYPE ONLY) 
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FIGURE 13.1.1 - EXTERNAL POWER 
ON RESET CIRCUIT 

Voo 

' ' D R 

R1 
MCLR 

IC 
PIC16CR54 

-=-

Notes: 
1. External power on reset circuit is required only if Voo 

power-up slope is too slow or if a low frequency 
crystal oscillator is being used that need a long 
start-up lime. The diode D helps discharge the 
capacitor quickly when VOD powers down. 

2. R < 40 KO must be observed to make sure that 
voltage drop across R does not exceed 0.2 V (max 
leakage current spec on MCLR pin is 5 µA). A 
larger than 0.2 V drop across R may cause a V1H 
level violation on MCLR pin. 

3. R1= 100'1to1K'1 will limit any current flowing into 
MCLR from external capacitor C in the event of 
MCLR pin breakdown due to ESD or EOS. 
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FIGURE 13.1.2- BROWN OUT PROTECTION 
CIRCUIT 

= PIC16CR54 

Notes: 
1. This circuit will activate reset when VDD goes 

below (VZ + 0. 7 V) where VZ = Zener voltage. 

FIGURE 13.1.3-BROWN OUT PROTECTION 
CIRCUIT 

R1 

MCLR 

= PIC16CR54 

Notes: 
1. This brown circuit is less expensive, albeit less 

accurate. Transistor 01 turns off when VDD is 
below a certain level such that: 

VDD• _R_1_ =0.7V. 
R1 +R2 
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13.0 OSCILLATOR START-UP TIMER 
(OST) 

Oscillator circuits based on crystals or ceramic resona
tors require a certain time after power-up to establish a 
stable oscillation. An on-chip oscillator start-up timer is 
provided which keeps the device in a RESET condition 
for approximately 1 Sms after the voltage on the MCrn 
pin has reached a logic high (VIHMC) level. Thus, 
external RC networks connected to the MCrn input are 
not required in most cases, allowing for savings in cost
sensitive and/or space restricted applications . 

The OST will also be triggered upon a watchdog timer 
timeout. This is particularly important for applications 
using the WOT to awake the PIC16CR54 from SLEEP 
mode automatically. 

The OST is not adequate for low frequency crystals 
which require much longer than 18ms to start-up and 
stabilize. 

13.1 Power-On Reset (POR) 

The PIC16CR54 incorporates an on-chip Power-On 
Reset (POR) circuitry which provides internal chip reset 
for most power-up situations. To use this feature, the 
user merely needs to tie MCrn pin to Voo. A simplified 
block diagram of the on-chip Power-On Reset circuit is 
shown in Figure 13.1.4. The Power-On Reset circuit and 
the Oscillator Start-up Timer circuit are closely related. 
On power-up, the reset latch is set and the start-up timer 
(see Figure 13.1.4) are reset. The start-up timer begins 
counting once it detects MCrn to be high. After the 
timeout period, which is typically 1 Bms, it will reset the 
reset-latch and thus end the on-chip reset signal. 

Figures 13.1.5 and 13.1.6 show two power-up situations 
with relatively fast rise time on Voo. In Figure 13.1.5, 
Voo is allowed to rise and stabilize before bringing 
MCrn high. The chip will actually come out of reset 
!OST ms after MCrn goes high. In Figure 13.1.6, the on 
chip Power-On Reset feature is being utilized (MCER 
and Voo are tied together). The Voo is stable before the 
startup timer times out and there is no problem in getting 
a proper reset. Figure 13.1. 7 depicts a potentially 
problematic situation where Voo rises too slowly. In this 
situation, when the start-up timer times out, Voo has not 
reached the Voo (min) value and the chip is therefore not 
guaranteed to function correctly. 

To summarize, the on-chip power-on reset is guaran
teed to work if the rate of rise of Voo is no slower than 
0.05 Vims. It is also necessary that the Voo starts from 
OV. The on-chip Power-On Reset is also not adequate 
for low frequency crystals which require much longer 
than 1 Sms to start-up and stabilize. For such situations, 
we recommend that external RC circuits are used for 
longer Power-On Reset. 
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FIGURE 13.1.4- SIMPLIFIED POWER ON RESET BLOCK DIAGRAM 
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FIGURE 13.1.6 • USING ON-CHIP POR (FAST VDD RISE TIME) 
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FIGURE 13.1.7 - USING ON-CHIP POR (SLOW Voo RISE TIME) 
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When Voo rises slowly, the internal time-out period expires long before Voo has reached its final 
value. In this example, the chip will reset properly if, and only ff, V1:2 VDDMIN. 

14.0 POWER DOWN MODE (SLEEP) 

The power down mode is entered by executing a SLEEP 
instruction. 

If enabled, the Watchdog Timer will be cleared but keeps 
running, the bit PO in the STATUS register is cleared, the 
TO bit is set and the oscillator driver is turned off. The 
1/0 ports maintain the status they had, before the SLEEP 
command was executed (driving high, low or hi
impedence). 

For lowest current consumption in this mode, all 1/0 pins 
should be either at Voo, orVSS, with no external circuitry 
drawing current from the 1/0 pin. 1/0 pins that are in the 
High-Z mode should be pulled high or low externally to 
avoid switching currents caused by floating inputs. The 
RTCC pin should also be at Voo or Vss tor lowest current 
consumption. 

The fiitC[R pin must be at VIHMC. 

14.1 Wake-Up 

The device can be awakened by a Watchdog Timer 
timeout (if it is enabled) or an externally applied "low" 
pulse atthe fiitC[R pin. In both cases the PIC16CR54 will 
stay in RESET mode for one Oscillator Start-up Timer 
period (triggered from rising edge on fiitC[R or WDT 
timeout) before normal program execution resumes. 

The PO bit in the STATUS register, which is set to one 
during power-on, but cleared by the "SLEEP' command, 
can be used to determine if the processor was powered 
up or awakened from the power down mode (Table 
4.5.1-2). The TO bit in the Status register can be used 
to determine, if the 'wake up' was caused by an external 
fiitC[R signal or a Watchdog Timer timeout. 
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NOTE: Some applications may require external RIC 
networks on the fiitC[R pin in order to allow for oscillator 
start-up times longer than one OST period. In this case, 
a WDT wake up from power down mode is not recom
mended, because a RESET generated by a WDT time 
out does not discharge the external capacitor, and the 
PIC16CR54 will be in RESET only for the oscillator start
up timer period. 

15.0 CONFIGURATION FUSES 

The configuration word consists of four ROM fuses. 

Two are for the selection of the oscillator type, one is the 
Watchdog Timer enable fuse, and one is the code 
protection fuse. 

The customer makes the selection tor these and the 
parts are tested accordingly. The packages are marked 
with the suffixes "XT", 'RC', "HS' or "LP' following the 
part number to identify the oscillator type and operating 
range. 

15.1 Customer ID Code 

The PIC16CR54 has four special ROM locations which 
are not part of the normal program memory. These 
locations are available to the user to store an Identifier 
(ID) code, checksum or other informative data. They 
cannot be accessed during normal program execution 
but can be read out using any programmerthat supports 
the PIC16C5X, such as PRO MATE™. 
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15.2 Code Protection 

The code in the ROM can be protected by selecting the 
code protection fuse to be "O". 

When code protected, the contents of the program ROM 
cannot be read out in a way that the program code can 
be reconstructed. The factory can verify every bit in a 
code protected ROM through a special ROM-verify test 
mode. In thistest mode data is presented to the chip for 
every ROM location and a pass/fail bit at the end of the 
sequence indicates if the ROM matched the externally 
supplied pattern sequence. This mode does not output 
the ROM pattern and therefore does not compromise 
code security. 
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Another way to verify a code protected ROM without 
supplying the actual code is as follows: 

When code protected, verifying any program memory 
location will read a scrambled output which looks like 
·ooooooooxxxx· (binary) where xis 1 or o. To verify a 
code protected device, follow this procedure: 

a. First, read in a code-protected device known to be 
good into a file. The data will look scrambled. 

b. Verify any code-protected PIC16CR54 against this 
file. 
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16.0 ELECTRICAL CHARACTERISTICS 

16.1 Absolute Maximum Ratings* 

Ambient temperature under bias ........ -55"C to +125"C 

Storage Temperature ......•.•......•..•.•.• - 65'C to +150'C 
Voltage on any pin with respect to Vss 
(except Voo and MCLR) .•........•.... -0.6V to Voo +0.6V 
Voltage on Voo with respect to Vss .............. o to +7.5 V 
Voltage on MCLR with respect to Vss 
(Note 2) ..••....•.••........••..........••.•........•......•... Oto +14 V 
Total power Dissipation (Note 1) ......•......•....•. 800 mW 
Max. Current out of Vss pin •......•.••....•.......•.... 150 mA 
Max. Current into Voo pin ..•.••.••...••......•......••.... 50 mA 
Max. Current into an input pin ........................ ±500 µA 
Input clamp current, llK (V1«> or Vl>Voo) ........ ±20 mA 
Output clamp current, IOK (VO<O or VO>Voo) . ±20 mA 
Max. Output Current sinked by any 1/0 pin ....... 25 mA 
Max. Output Current sourced by any 1/0 pin .... 20 mA 
Max. Output Current sourced by a single 
110 port (Port A or B) .....•.•....••.•....•..........••..•.•... 40 mA 
Max. Output Current sinked by a single 
110 port (Port A or B) .......................................... 50mA 

16.2 Pin Descriptions 

Name Function 

RAO-RA3 1/0 PORTA 
RBO-RB7 l/OPORTB 
RTCC Real Time Clock/Counter 

MCLR Master Clear 

OSC1/CLKIN Oscillator (input) 

OSC2/CLKOUT Oscillator (output) 

Voo Power supply 
Vss Ground 
N/C No (internal) Connection 

C 1994 Microchip Technology Incorporated 

"Notice: Stresses above those listed under"Maximum Ratings• 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device atthose or any 
other conditions above those indicated in the operation listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

Notes: 1. Total power dissipation should not exceed 800 
mW for the package. Power dissipation is 
calculated as follows: 
Pdis = Voo x {loo - I loh} + ~ {(Voo-Voh) x loh} 
+ I(Vol x lol) 

2. Voltage spikes below Vss at the MCLR pin, 
inducing currents greater than 80mA, may 
cause latch-up. Thus, a series resistor of 50-
100'2 should be used when applying a 'low' 
level to the MCLR pin rather than pulling this 
pin directly to Vss. 

Description 

4 input/output lines. 
8 il}ll_ut/output lines. ·. 

Schmitt Trigger Input. 
Clock input to RTCC register. Must be tied to Vss or Voo if 
not in use to avoid unintended entering of test modes and 
to reduce current consum_2!ion. 
Schmitt Trigger Input. 
A 'Low' voltage on this input generates a RESET condition 
for the PIC16CR54 microcontroller. 
A rising voltage triggers the on-<:hip oscillator start-up timer 
which keeps the chip in RESET mode for about 18rns. This 
ir:!Q.ut must be tied direct~ or via a_Q!.111-~ resistor to Voo. 
'XT', 'HS' and 'LP' devices: Input tenninal for crystal, 
ceramic resonator, or external clock generator. 
'RC' devices : Driver tenninal for external RC combination 
to establish oscillation. 
For 'XT', 'HS' and "LP' devices: Output terminal for crystal 
and ceramic resonator. Do not connect any other load to 
this output. Leave open if external clock generator is used. 
For 'RC' devices : A 'CLKOUT' signal with a frequency of 
1/4 Fosc1 is put out on this pin. 
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16.3 DC CHARACTERISTICS: PIC16CR54-RC. XI. HS; LP (Commercjal) 
PIC16CR54-RC. XI. HS. LP (Industrial) 

DC CHARACTERISTICS, Standard Operating Conditions 

POWER SUPPLY PINS Operating temperature '40 :s: TA :s: +85'C for industrial and o·c :s: TA :s: +70'C for commercial 

Characteristic Sym Min Typ Max Units Conditions 
Note1 

Supply Voltage 
PIC16CR54·XT, RC Voo 2.5 6.25 v Fosc = DC to 4 MHz 
PIC16CR54·HS 4.5 5.5 v Fosc = DC to 20 MHz 
PIC16CR54-LP 2.0 6.25 v Fosc = DC to 200 KHz 
RAM Data Retention VoR 1.5 v Device in SLEEP mode 
Voltage (Note 3) 
VDD starting voltage to VPOR Vss v See section 13.1 for details on 

_911arantee power on reset power-on-reset 
VDD rise rate to guarantee Svoo 0.05* Vims See section 13.1 for details on 
power on reset power-on-reset 

Tuppry-C-urremlNOfif2f 
PIC16CR54·XT, RC (Note 5) loo 2.0 3.6 mA Fosc = 4 MHz, Voo = 6.0V 

0.8 1.8 mA Fosc = 4 MHz, Voo = 3.0V 
90 350 µA Fosc = 200 KHz, Voo = 2.5V 

PIC16CR54-HS 3.8 10 mA Fosc = 8 MHz, Voo = 5.5V 
9.0 20.0 mA Fosc = 20 MHz, Voo = 5.5V 

PIC16CR54-LP 10.0 20.0 µA Fosc = 32 KHz, Voo = 2.0V 
70.0 µA Fosc = 32 KHz, Voo = 6.0V 

Power Down Current 
Commercial (Note 4) 
PIC16CR54 IPO 1 6 µA Voo = 2.5V, WOT disabled 

2 8* µA Voo = 4.0V, WOT disabled 
3 15 µA Voo = 6.0V, WOT disabled 
5 25 µA Voo = 6.0V, WOT enabled 

Power Down Current 
Industrial (Note 4) 
PIC16CR54 IPO 1 8 µA Voo = 2.5V, WOT disabled 

2 10* µA Voo = 4.0V, WOT disabled 
3 20* µA Voo = 4.0V, WOT enabled 
3 18 µA Voo = 6.0V, WOT disabled 
5 45 µA Voo = 6.0V, WOT enabled 

• These parameters are based on characterization and are not tested. 

Note 1: Data ln the column labeled 'Typical' is based on characterization results at 2s·c. This data Is for design guidance only and is 
not tested for, or guaranteed by Microchip Technology. 

Note 2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus loading, oscillator 
type, bus rate, Internal code execution pattern, and temperature also have an impact on the current consumption. 
a) The test conditions for all loo measurements in active operation mode are: OSC1 =external square wave, from rail to rail; 
all 1/0 pins trlstated, pulled to Voo, RT = Voo, MCLR = Voo; WOT enabled/disabled as specified. 
b) For .stand-by current measurements, the conditions are the same, except that the device is in SLEEP mode. 

Note 3: This is the limit to which Voo can be lowered in SLEEP mode without losing RAM data. 
Note 4: The power down current In SLEEP mode does not depend on the oscillator type. It is measured in SLEEP with all 1/0 pins in 

hi-impedance state and connected to Voo or Vss. 
Note 5: In RC mode does not Include current through Rext. The current through the resistor can be estimated by the formula 

Ir= Voo/2Rext (mA) with Rext in kOhm. 
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16.4 DC CHARACTERISTICS: PIC16CR54E-RC. XT. HS. LP (Automotive) 

DC CHARACTERISTICS, Standard Operating Conditions 

POWER SUPPLY PINS Operating temperature -40 s TA s + 125'C, unless otherwise stated 

Operating voltage Voo = 3.5V to 5.5V unless otherwise stated 

Characteristic Sym Min 
Typ 

Max Units Conditions 
(Note 1) 

Supply Voltage 
PIC16CR54-XT, RC Voo 3.25 6.0 v Fosc = DC to 4 MHz 
PIC16CR54-HS 4.5 5.5 v Fosc = DC to 20 MHz 
PIC16CR54-LP 2.5 6.0 v Fosc = DC to 200 KHz 
RAM Data Retention VoR 1.5 v Device in SLEEP mode 
Voltage (Note 3) 
Voo start voltage to VPOR Vss v See section 13.1 for details on power on 
guarantee power on reset reset 

Voo rise rate to guarantee Svoo 0.05* Vims See section 13.1 for details on power on 
power on reset reset 
Supply Current (Note 2) 
PIC16CR54-XT loo 1.8 3.3 mA Fosc = 4 MHz, Voo = 5.5V 
PIC16CR54-RC (Note 5) 1.8 3.3 mA Fosc = 4 MHz, Voo = 5.5V 
PIC16CR54-HS 4.8 10.0 mA Fosc = 10 MHz, Voo = 5.5V 

9.0 20.0 mA Fosc = 16 MHz, Voo = 5.5V 
PIC16C5X-LP 25 55 µA Fosc = 32 KHz, Voo = 3.25V, WOT disabled 
Power Down Current 
(Note 4) 
PIC16CR54 IPO 5 22 µA Voo = 3.25V, WDT enabled 

0.8 18 µA Voo = 3.25V, WDT disabled 

* These parameters are based on characterization and are not tested. 

Note 1: Data in the column labeled 'Typical' is based on characterization results at 25'C. This data is for design 
guidance only and is not tested for, or guaranteed by Microchip Technology. 

Note 2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus 
loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on the 
current consumption. 
a) The test conditions for all loo measurements in active operation mode are: 
OSC1 =external square wave, from rail to rail; all 1/0 pins tristated, pulled to Voo, RT= Voo, MCLR = Voo; WDT 
enabled/disabled as specified. 
b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP mode. 

Note 3: This is the limit to which Voo can be lowered in SLEEP mode without losing RAM data. 
Note 4: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 

measured with the part in SLEEP mode, with all 1/0 pins in hi-impedence state and tied to Voo and Vss. 
Note 5: Does not include current through Rext. The current through the resistor can be estimated by the formula 

Ir= Voo/2Rext (mA) with Rext in kOhm. 
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16.5 DC CHARACTERISTICS: PIC16CR54-RC. XI. HS. LP (Commercial) 
PIC16CR54-RC. XI. HS. LP (Industrial) 

Standard Operating Conditions (unless otherwise stated) 
DC CHARACTERISTICS, Operating temperature -40'C s TA s +85°C for industrial and 

ALL PINS EXCEPT POWER SUPPLY o·c s TA s +1o·c for commercial 
Operating voltage Voe range as in table 16.3 unless otherwise stated 

Characteristic Sym Min Typ Max Units Conditions 
(Note 1) 

Input Low Voltage 
1/0 ports VIL Vss 0.2 Voe v Pin at hi-impedance 
MCLR (Schmitt trigger) Vss 0.15 Voe v 
RTCC (Schmitt trigger) Vss 0.15 Voe v 
OSC1 (Schmitt trigger) Vss 0.15 Voe v PIC16CR54RC only (Note 5) 
OSC1 Vss 0.15 Voo v PIC16CR54-XT HS LP 
Input High Voltage 
1/0 ports VIH 2.0 Voe v Voe = 3.0V to 5.5V (Note 6) 

0.6 Voe Voe v Full Voe range (Note 6) 
MCLR (Schmitt trigger) 0.85 Voe Voe v 
RTCC (Schmitt trigger) 0.85 Voe Voe v 
OSC1 (Schmitt trigger) 0.85 Voe Voe v PIC16CR54-RC only (Note 5) 
OSC1 0.85 Voe Voe v PIC16CR54-XT, HS, LP 
Input Leakage Current For Voo ~ 5.5V 
(Notes 3, 4) 
1/0 ports Ill -1 +1 µA Vss s VPIN s Voe, 

Pin at hi-impedance 
MCLR -5 µA VPIN = Vss + 0.25V 
MCLR 0.5 +5 µA VPIN =Voe 
RTCC -3 0.5 +5 µA Vss s VPIN s Voe 
OSC1 -3 0.5 +3 µA Vss s VPIN s Voe, 

P!C16CR54-XT, HS, LP 
Output Low Voltage 
1/0 Ports VOL 0.5 v IOL = 10 mA, Voe = 6.0V 
OSC2/CLKOUT 0.5 v IOL = 1.9 mA Voe= 6.0V 
Output High Voltage 
1/0 Ports (Note 4, 5) VOH Voo-0.5V v IOH = -4.0 mA, Voe = 6.0V 
OSC2/CLKOUT Voo-0.5V v IOH = -0.8 mA, Voe = 6.0V 

Note 1: Data in the column labeled 'Typical' is based on characterization results at 25 • C. This data is for design guidance 
only and is not tested for, or guaranteed by Microchip Technology. 

Note 2 : Total power dissipation as stated under absolute maximum ratings must not be exceeded. 
Note 3 : The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels 

represent normal operating conditions. Higher leakage current may be measured at different input voltages. 
Note 4 : Negative current is defined as coming out of the pin. 
Note 5 : For PIC16CR54-RC devices, the OSC1 pin is a Schmitt trigger input. It is not recommended thatthe PIC16CR54 

be driven with external clock in RC mode. 
Note 6: The user may use the better of the two specs. TTL level is guaranteed in 3.0V to 5.5V range. 
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16.6 DC CHARACTERISTICS: PIC16CR54-RC. XT. HS. LP (Automotive) 

DC CHARACTERISTICS, Standard Operating Conditions (unless otherwise stated) 

ALL PINS EXCEPT POWER SUPPLY Operating temperature -40 <TA< +125'C 

Operating voltage VDD range as described in DC spec tables 

16.3 and 16.4 

Characteristic Sym Min Typ Max Units Conditions 
(Note 1) 

Input Low Voltage 
1/0 ports VIL Vss 0.15 VDD v Pin at hi-impedance 
MCLR (Schmitt trigger) Vss 0.15 VDD v 
RTCC (Schmitt trigger) Vss 0.15 VDD v 
OSC1 (Schmitt trigger) Vss 0.15 VDD v PIC16CR54-RC only (Note 5) 
OSC1 Vss 0.3 VDD v PIC16CR54-XT, HS, LP 

Input High Voltage 
1/0 ports VIH 0.45 VDD VDD v For all Voo (Note 6) 

2.0 Voo v 4.0 V < Voo :> 5.5 V (Note 6) 
0.36 Voo Voo v VDD>5.5 V 

MCLR (Schmitt trigger) 0.85 Voo Voo v 
RTCC (Schmitt trigger) 0.85 VDD VDD v 
OSC1 (Schmitt trigger) 0.85 Voo Voo v PIC16CR54-RC only (Note 5) 
OSC1 0.7 Voo Voo v PIC16CR54·XT, HS, LP 

Input Leakage Current For Voo s; 5.5V 
(Notes 3, 4) 
1/0 ports Ill -1 0.5 +1 µA Vss ,, VPIN ,, VDD, 

Pin at hi-impedance 
MCLR -5 µA VPIN = Vss + 0.25V 
MCLR 0.5 +5 µA VPIN = Voo 
RTCC -3 0.5 +3 µA Vss ,, VPIN ,, Voo 
OSC1 -3 0.5 +3 µA Vss ,, VPIN ,, VDD • 

PIC16CR54-XT, HS, LP 

Output Low Voltage 
1/0 Ports VOL 0.6 v IOL = 8.7 mA, Voo = 4.5V 
OSC2/CLKOUT 0.6 v IOL = 1.6 mA, VDD = 4.5V 
(PIC16CR54-RC) 

Output High Voltage 
110 Ports (Note 4) VOH Voo-0.7 v IOH = -5.4 mA, Voo = 4.5V 
OSC2/CLKOUT VDD-0.7 v IOH = -1.0 mA, VDD = 4.5V 
(PIC16CR54-RC) 

Note 1: Data in the column labeled 'Typical' is based on characterization results at 25 • C. This data is for design guidance 
only and is not tested for, or guaranteed by Microchip Technology. 

Note 2 : Total power dissipation as stated under absolute maximum ratings must not be exceeded. 
Note 3 : The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels 

represent normal operating conditions. Higher leakage current may be measured at different input voltages. 
Note 4 : Negative current is defined as coming out of the pin. 
Note 5 : For PIC 16CR54-RC devices, the OSC1 pin is a Schmitt trigger input. It is not recommended that the PIC16CR54 

be driven with external clock in RC mode. 
Note 6: The user may use better of the two specifications. 
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16.7 AC CHARACTERISTICS: PIC16CR54-RC. XT. HS. LP (Commercial) 
PIC16CR54-RC. XT. HS. LP (Industrial) 
PIC16CR54-RC. XT. HS. LP (Automotive) 

AC CHARACTERISTICS 
Standard Operating Conditions (unless otherwise stated) 
Operating temperature TA= -40"C to +85°C (industrial), 
TA= -40"C to +125"C (automotive) and o·c s TA s +70"C (commercial) 
Operating voltage Voo range as described in DC spec tables 16.3 and 16.4 

Characteristic Sym Min Typ Max Units Conditions 
(Note 1) 

Oscillator Fosc DC 4.0 MHz RC mode, Voo = 2.5 to 6.25V 
Frequency (Note 2) 0.1 4 MHz XT mode, Voo = 2.5 to 6.25V 

4 20 MHz HS mode, Voo = 4.5 to 5.5V 
DC 200 KHz LP mode, Voo = 2.0 to 6.25V 

Instruction Cycle Time Tcv 4/Fosc 
External Clock in Timing 
(Note 4) 
Clock in High or Low Time 

XT oscillator type TCKHLXT 50* ns 
LP oscillator type TCKHLLP 2* µs 
HS oscillator type TCKHLHS 20* ns 

Clock in Rise or Fall Time 
XT oscillator type TCKRFXT 25* ns 
LP oscillator type TCKRFLP 50* ns 
HS oscillatorJYQ_e TCKRFHS 25* ns 

RESET Timing 
MCLR Pulse Width J_loaj_ TMCL 100* ns 
RTCC Input Timing, 
No Prescaler 
RTCC High Pulse Width TRTH 0.5 Tcv+ 20• ns Note3 
RTCC Low Pulse Width TRTL 0.5 Tcv+ 20* ns Note3 
RTCC Input Timing, 
With Prescaler 
RTCC High Pulse Width TRTH 10* ns Note3 
RTCC Low Pulse Width TRTL 10* ns Note3 
RTCC Period TRTP TCY+40 * ns Note 3. Where N = 

N prescale value (2,4, ... , 256) 
Watchdog Timer Timeout 
Period (No Prescaler) TWDT 7* 18 30* ms Voo = 5V, -40°C to 85"C 
Oscillation Start-up Timer TOST 7* 18 30* ms voo = 5V, -40°C to ss·c 
Period 
l/OTiming 
1/0 Pin Input Valid Before 
CLKOUTt (RC Mode) Tos 0.25 Tcv+ 30* ns 
1/0 Pin Input Hold After 
CLKOUTt (RC Mode) TOH O* ns 
1/0 Pin Output Valid After 
CLKOUT J. (RC Mode) TPD 40* ns 
Capacitive Loading 
Specs on Output Pins 
OSC2 Cosc2 15 pF In XT, HS and LP modes 

when external clock is used 
to drive OSC1. 

All 1/0 pins and OSC2 C10 50 pF 
(in RC mode) 

* Based on characterization, but not tested. (Notes on next page) 

DS30075E-page 28 © 1994 Microchip Technology Incorporated 

2-82 



NOTES TO AC CHARACTERISTICS: 
PIC16CR54-RC, XT, HS, LP (COMMERCIAL) 
PIC16CR54-RC, XT, HS, LP (INDUSTRIAL) 

1. Data in the column labeled "Typical' is based on characterization 
results at 25"C. This data is for design guidance only and is not 
tested for, or guaranteed by Microchip Technology. 

2. Instruction cycle period (Tcy) equalsfourtimesthe input oscillator 
time base period. 
All specified values are based on characterization data for that 
particular oscillator type under standard operating conditions with 

PIC16CR54 

the device executing code. Exceeding these specified limits may 
result in an unstable oscillator operation and/or higher than 
expected current consumption. All devices are tested to operate at 
"min.' values with an external clock applied to the OSC1 pin. 
When an external clock inputls used, the "Max.• cycle time llmlt 
Is "DC" (no clock) lor all .devices. 

3. For a detailed explanation of RTCC input clock requirements see 
Section 4.2.1. 

4. Clock-in high time is the duration for which clock input is at 
VIHOSC or higher. 
Clock-in low time is the duration for which clock input is at VILOSC 
or lower. 

16.8 Electrical Structure of Pins 17.0 TIMING DIAGRAMS 

FIGURE 16.8.1 - ELECTRICAL 
STRUCTURE OF 1/0 PINS {RA, RB) 

FIGURE 17.0.1 - RTCC TIMING 

VDD 

RTCC 

Vss 

:-TATH ______, ~TAn--: 

1 l 1 
·-VIH 

' ' 
"------JO -t--··-· VIL 

- ' 
,__ ___ TRTP --------:' 

FIGURE 16.8.2 - ELECTRICAL FIGURE 17.0.2 - OSCILLATOR START-UP 
STRUCTURE OF MCLR AND RTCC PINS TIMING {PIC16CR54RC) 

MCLR, 
ATCC 

vss vss 

MCLA ~--------· :-- Tcy --~- Tcy ---' 

·-----;~: ·-TOSI • T1 I I T1 I 

I I ~ : I 

CLKOUT 

. ' ' 
DEVICE --- RESET ___: FETCH1.INSTRUCTION : FETCH2.INSTRUCTION ! ____ _ 

FUNCTION 1 EXECUTE •fORCEo• NOP l EXECUTE 1. INSTRUCTION f 

Note to figures 16.8.1 and 16.8.2: The diodes and the grounded gate (or output driver) NMOS device are carefully designed to protect against ESD 
(Electrostatic discharge) and EOS (Electrical overstress). Rin is a small resistance to further protect the input buffer from ESD. 

FIGURE 17.0.3 - INPUT/OUTPUT TIMING FOR 1/0 PORTS (PIC16CR54RC*) 

OSC2/ 
CLKOUT 

T1 

I I I Tdh I I 
I •-----Tds I 
I I t I 

INPUT W"'~A~--VA_L_lo--W'ffffffe/~ffe/ffi 
~ I I l____a 

'Tpd ~ :rpd : 

OUTPUT HIGH -z ( . ~ 

•The CLKOUT output is available only on PIC16CR54·RC devices. 
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18.0 DC AND AC CHARACTERISTICS 
GRAPHSIT ABLES 

The graphs and tables provided in this section are for 
design guidance and are not tested or guaranteed. In 
some graphs or tables the data presented are outside 
specified operating range (e.g. outside specified Voo 
range). This is for information only and devices are 
guaranteed to operate properly only within the specified 
range. 

The data presented in this section is a statistical sum
mary of data collected from units from different lots over 
a period of time. 'Typical' represents the mean of the 
distribution while 'max' and 'min' represents (mean+ 3s) 
and (mean - 3s) respectively wheres is standard devia
tion. 

FIGURE 18.0.2 - TYPICAL RC OSCILLATOR 
FREQUENCY vs. VDD* 
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*Measured on PDIP Packages 
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FIGURE 18.0.1- TYPICAL RC OSCILLATOR 
FREQUENCY vs. 
TEMPERATURE 
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FIGURE 18.0.3 - TYPICAL RC OSCILLATOR 
FREQUENCY vs. Voo• 
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FIGURE 18.0.4 - TYPICAL RC OSCILLATOR 
FREQUENCY VS Voo• 
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*Measured on PDIP Packages 

FIGURE 18.0.5- TYPICAL IPD vs Voo 
WATCHDOG TIMER 
ENABLED 25°C 
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TABLE 18.0.1 - RC OSCILLATOR FREQUENCY 
VARIATION FROM UNIT TO 
UNIT* 

Cext Rext Average 

Fosc @ 5V, 2s·c 

20pf 3.3k 6.02MHz ±28% 
5k 4.0SMHz ±25% 
10k 2.47MHz ±24% 
100k 261 KHz ±39% 

100pf 3.3k 1.82MHz ±18% 
5k 1.28 MHz ±21% 
10k 715 KHz ±18% 
100k 72.4 KHz ±28% 

300pf 3.3k 712.4 KHz ±14% 
5k 508 KHhz ±13% 
10k 278KHz ±13% 
100k 28KHz ±23% 

*Measured on PDIP Packages 

The percentage variation indicated here is part to part 
variation due to normal process distribution. The varia
tion indicated is ±3 standard deviation from average 
value for full Yoo range. 

FIGURE 18.0.6 - MAXIMUM IPD VS Voo 
WATCHDOG TIMER 
ENABLED 

W U M ~ ~ U M ~ M 
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FIGURE 18.0.7 - VTH (INPUT THRESHOLD VOLTAGE) OF 1/0 PINS vs Voo 
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FIGURE 18.0.8 - VIH, VIL OF MCLR, RTCC AND osc1 (IN RC MODE) VS Voo 
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Note: These input pins have Schmitt trigger input buffer. 

FIGURE 18.0.9 - VTH, (INPUT THRESHOLD VOLTAGE) OF OSC1 INPUT (IN XT, HS, AND LP 
MODES) vs Voo 
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FIGURE 18.0.10 -TYPICAL loo vs FREQ (EXT CLOCK, 25"C) 
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FIGURE 18.0.11 - MAXIMUM loo vs FREQ (EXT CLOCK, -40"C TO +85°C) 
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FIGURE 18.0.12 - WOT Timer Time-out Period 
vsVoo 
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FIGURE 18.0.14 - Transconductance (gm) of 
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FIGURE 18.0.13 - Transconductance (gm) of 
HS Oscillator vs Voo 
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FIGURE 18.0.16- IOH vs VOH, Voo = 3V 
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FIGURE 18.0.18 - IOL VS VOL, Voo = 3V 
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FIGURE 18.0.17-IOH vs VOH, Voo = sv 
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TABLE 18.0.2 • INPUT CAPACITANCE FOR 
PIC16CR54* 

Typlcal Capacitance (pf) 
Pin 

18LPDIP 18LSOIC 

RA, RB port 5.0 4.3 

MCLR 2.0 2.0 

OSC1 ,OSC2/CLKOUT 4;0 3.5 

RTCC 3.2 2.8 

• All capacitance values are typical at 25'C. A part to 
part variation of ±25% (three standard ~eviations) 
should be taken into account. 
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19.0 PACKAGING INFORMATION 

See Section 11 of the Data Book. 

19.1 Package Marking Information 

18L PDIP Example 

MMMMMMMMMMMMXXX 
0 MMMMMMMMXXXXXXX 

~AABB CDE 

PIC16CR54-o RCI/P456 
~9123 CBA 

18LSOIC 

MMMMMMMMM 

MMMMMMMMM 

O~AABB CDE 

Legend: MM ... M 
xx ... x 
AA 
BB 
c 

Example 

MMMMMMMMMMMM 
MMMMMMMMMXXX 
lo~AABB CDK 

Microchip part number information 
Customer specific information 
Year code (last 2 digits of calendar year) 
Week code (week of January 1 is week '01 ') 
Facility code of the plant at which wafer is manufactured. 
C =Chandler, Arizona, U.S.A. 

D Mask revision number 
E Assembly code of the plant or country of origin in which 

part was assembled. 

Note: In the event the full Microchip part number can not be marked on one 
line, it will be carried over to the next line thus limiting the number 
of available characters for customer specific information. 
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CONNECTING TO MICROCHIP BBS 

Connect world wide to the Microchip BBS using the 
CompuServe19 communications network. In most cases 
a local call is your only expense. The Microchip BBS 
connection does not use CompuServe membership 
services, therefore you do not need CompuServe 
membership to join Microchlp's BBS. 

The procedure to connect will vary slightly from country 
to country. Please check with your local CompuServe 
agent for details if you have a problem. CompuServe 
services allows multiple users at baud rates up to 9600. 

To connect: 

1. Set your modem to 8-bit, No parity, and One stop 
(8N1). This is not the normal CompuServe setting 
which is 7E1. 

2. Dial your local CompuServe phone number. 

3. Depress <ENTER> and a garbage string will appear 
because Compuserve is expecting a 7E1 setting. 

4. Type+ <ENTER> and Host Name: will appear. 

5. Type MCHIPBBS<ENTER> and you will be con
nected to the Microchip BBS. 

In the United States, to find CompuServe's phone num
ber closestto you, set your modem to 7E1 and dial (800) 
848-4480 for 300-2400 baud or (800) 331-7166 for 9600 
baud connection. After the system responds with Host 
Name:, type 

NETWORK<ENTER> and follow CompuServe's direc
tions. 

For voice information (or calling from overseas), you 
may call (614) 457-1550 for your local CompuServe 
number. 

0 1994 Microchip Technology Incorporated 
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Trademarks: 

PIC is a registered trademark of Microchip Technology 
Incorporated in the U.S.A. 

The Microchip logo and name are trademarks of Microchip 
Technology Incorporated. 

PICMASTER, PRO MATE and PICSTARTare trademarks 
of Microchip Technology Incorporated. 

ACCESS.bus is a trademark of the ACCESS.bus Industry 
Group. 

IBM PC and AT are registered trademarks of IBM Corpora
tion. 

Microsoft and Microsoft Windows are registered trade
marks of Microsoft Corporation. 

CompuServe is a registered trademark of CompuServe Inc. 

All other trademarks mentioned herein are the property of 
their respective companies. 
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PIC16CR54 Product Identification System 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 

PART NO. - XX X /XX XXX 
·--.-

~-· 
3-Digit Pattern Code 

Package: p = PDIP 
so = 300 mil SOIC (Gull Wing Lead) 
SS = SSOP (209 mil) 

1 Temperature -
Examples: 

= o·c to +70"C a) PIC16CR54-XT/P169= 
Range: I = -40"C to +85"C 'XT' oscillator, commercial 

E = -40" c to +125"C temp., PDIP, with ROM 
pattern 169 

Oscillator FC b) PIC16CR54- LP l/S0592 = 

Type: XT 'LP' oscillator, Industrial 
temp., SOIC device with 

HS ROMcode592 
LP 

PIC16CR54 l Device: 
PIC16CR54T (In tape and reel, in SOIC package only) 

Sales and Support 

Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and 
recommended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1. Your local Microchip sales office (see below) 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip's Bulletin Board, via your local Compuserve number. 

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using. 

For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302. 
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MICROCHIP PIC16C54A 
EPROM-Based 8-Bit CMOS Microcontroller 

FEATURES 

Compatibility 
• Pin and software compatible with PIC16C54 device 

High-Performance RISC-like CPU 
• Only 33 single word instructions to learn 
• All single cycle instructions (200 ns) except for 

program branches which are two-cycle 
• Operating speed: DC - 20 MHz clock input 

DC - 200ns instruction cycle 
• 12-bit wide instructions 
• 8-bit wide data path 
• 512 x 12 on-chip EPROM program memory 
• 25 x 8 general purpose registers (SAAM) 
• Seven special function hardware registers 
• Two-level deep hardware stack 
• Direct, indirect and relative addressing modes for data 

and instructions 

Peripheral Features 
12110 pins with individual direction control 
8-bit real time clock/counter (RTCC) with 8-bit 
programmable prescaler 
Power-On Reset 
Oscillator Start-up Timer 
Watchdog Timer (WOT) with its own on-chip RC 
oscillator for reliable operation 
Security EPROM fuse for code-protection 
Power saving SLEEP mode 
EPROM fuse selectable oscillator options: 
- Low-cost RC oscillator: RC 
- Standard crystal/resonator: XT 
- High-speed crystal/resonator. HS 
- Power saving, low frequency crystal: LP 

CMOS Technology 
• Low-power, high-speed CMOS EPROM technology 
• Fully static design 
• Wide-operating voltage range: 

- Commercial: 2.5V to 6.25V 
- Industrial: 2.5V to 6.25V 

• Low-power consumption 
- < 2mA typical@ 5V, 4 MHz 
- 15µA typical@ 3V, 32 KHz 
- < 3µA typical standby current @ 3V, o·c to 1o·c 

FIGURE A - PIN CONFIGURATIONS 
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1.0 GENERAL DESCRIPTION 

The PIC16C54A from Microchip Technology is a new 
member of the PIC16C5X family of low-cost, high
performance, 8-bit, fully static, EPROM based CMOS 
microcontrollers. This device is pin and software com
patible with the PIC16C54. It employs a RISC-like archi
tecture with only 33 single word/single cycle instructions 
to learn. All instructions are single cycle (200ns) except 
for program branches which take two cycles. The 
PIC16C54A delivers performance an order of magni
tude higherthan its competitors in similar price category. 
The 12-bit wide instructions are highly symmetrical 
resulting in 2: 1 code compression over other 8-bit micro
controllers in its class. The easy to use and easy to 
remember instruction set reduces development time 
significantly. 

PIC16C54A 

The PIC16C54A is equipped with special microcontroller
like features that reduce system cost and power require
ments. The Power-On Reset and Oscillator Start-Up 
Timer eliminate the need for external reset circuitry. 
There are four oscillator configurations to choose from, 
including power saving LP (Low Power) oscillator and 
cost saving RC oscillator. Power saving SLEEP mode, 
watchdog timer and code protection features improves 
system cost, power and reliablity. 

The UV-erasable cerdip-packaged versions are ideal for 
code development while the cost-effective One Time 
Programmable (OTP) versions are suitable for produc
tion in any volume. The customer can take full advan
tage of Microchip's price leadership in OTP microcon
troller while benefiting from the OTP flexibility. 

The PIC16C54A is supported by an assembler, a soft
ware simulator, an in-circuit emulator and a production 
quality programmer. All the tools are supported by IBM 
PC- and compatible machines. 

TABLE 1.0.1 ·OVERVIEW OF PIC16CSX AND PIC16C5XA DEVICES 
Device 

PIC16C55 

PIC16C56 

PIC16C57 

Memory 
Program 

(12-bit Words) 

PIC16CR57At 2048 OTP 
PIC16C58A1 2048 (OTP) 

User RAM 
(Bytes) 

25 

72 

73 

© 1994 Microchip Technology Inc. 

1/0 

12 

21 

12 

Package Options 

28-lead windowed CERDIP, 28-lead PDIP (300 and 600 mil), 
28-lead SOIC 300 mil , 28-lead SSOP 
18-lead windowed CERDIP, 18-lead PDIP (300 mil), 
18-lead SOIC 300 mil 20-lead SSOP 
28-lead windowed CERDIP, 28-lead PDIP (300 and 600 mil), 
28-lead SOIC 300 mil , 28-lead SSOP 
18-lead windowed CERDIP, 18-lead PDIP (300 mil), 
18-lead SOIC (300 mil), 20-lead SSOP 
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1.1 Applications 

The PIC16C54A device fits pertectly in applications 
ranging from high speed automotive and appliance 
motor control to low-power remote transmitters/receiv
ers, pointing devices, and telecom processors. The 
EPROM technology makes customization of application 
programs (transmitter codes, motor speeds, receiver 
frequencies, etc.) extremely fast and convenient. The 
small footprint packages for through hole or surtace 

mounting make this microcontroller series pertect for all 
applications with space limitations. Low-cost, low-power, 
high pertormance, ease of use and 1/0 flexibility make 
the PIC16C54A very versatile even in areas where no 
microcontroller use has been considered before (e.g. 
timer functions, replacement of 'glue' logic in larger 
systems, co-processor applications). 

TABLE 1.0.2- CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS 
AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES) 

OSC C-04 

RC Voo: 3.0V to 6.25V 
ldd: 3.3mA Max. at 5.5V 
lpd: 9uA Max. at 3V WDT dis 
Fre .: 4MHz Max. 

XT Voo: 3.0V to 6.25V 

HS 

LP 

ldd: 3.3mA Max. at 5.5V 
lpd: 9uA Max. at 3VWDT dis 
Fre .: 4MHz Max. 

Voo: 4.5V to 5.5V 
ldd: 20mA Max. at 5.5Vtyp at 5.5V Do not use in HS mode 
lpd: 0.6uA typ. at 4.5V WDT dis 
Freq.: 20 MHz Max. 

Voo: 2.5 to 6.25V 
Do not use in LP mode ldd: 32uA Max. at 32KHz, 3.0V 

lpd: 9uA Max. at 3.0V WDT dis 
Freq.: 200KHz Max. 

The shaded sections indicate oscillator selections which are tested for functionality, but not for MIN/MAX specifications. 
It is recommended that the user selects the device type that guarantees the specifications required. 
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2.0 ARCHITECTURAL DESCRIPTION 

2.1 Harvard Architecture 

The PIC16C54A single-chip microcomputer is a low
power, high-speed, full static CMOS devices containing 
EPROM, RAM, 1/0 and a central processing unit on a 
single chip. 

The architecture is based on a register file concept with 
separate bus and memories for data and instructions 
(Harvard architecture). The data bus and memory (RAM) 
are 8-bits wide while the program bus and program 
memory (EPROM) have a width of 12-bits. This concept 
allows a simple yet powerful instruction set designed to 
emphasize bit, byte and register operations under high 
speed with overlapping instruction fetch and execution 
cycles. That means that, while one instruction is ex
ecuted, the following instruction is already being read 
from the program memory. A block diagram of the 
PIC 16C54A is given in Figure 2.1.1. 

PIC16C54A 

2.2 Clocking Scheme/Instruction Cycle 

The clock input (from pin OSC1) is internally divided by 
four to generate four non-overlapping quadrature clocks 
namely 01, 02, 03 and 04. Internally, PC is incre
mented every 01, instruction is fetched from program 
memory and latched into instruction register in 04. It is 
decoded and executed during the following 01 through 
04. The clocks and instruction execution flow is shown 
in Figure 2.2.1. 

TABLE 2.1.1 - PIN FUNCTIONS 

Name Function 

RAO-RA3 1/0 PORTA 
ABO- RB7 1/0 PORTB 
RTCC Real Time Clock/Counter 
MCLR Master Clear 
OSC1/CLKIN Oscillator (input) 
OSC2/CLKOUT Oscillator (output) 
Voo Power supply 
Vss Ground 
N/C No (internal) Connection 

FIGURE 2.1.1 -PIC16C54A SERIES BLOCK DIAGRAM 

"' ! 

© 1994 Microchip Technology Inc. 
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2.3 Data Register File 

The 8-bit data bus connects two basic functional ele
ments together: the Register File composed of 32 ad
dressable 8-bit registers including the 1/0 Ports, and an 
8-bit wide Arithmetic Logic Unit. The 32 bytes of RAM 
are directly addressable while a 'banking' scheme, with 
banks of 16 bytes each, is employed to address larger 
data memories (Figure 4.2.1 ). Data can be addressed 
direct, or indirect using the file select register (f4). 
Immediate data addressing is supported by special 
'literal' instructions which load data from program 
memory into the W register. 

The register file is divided into two functional groups: 
operational registers and general purpose registers. 
The operational registers include the Real Time Clock 
Counter (RTCC) register, the Program Counter (PC), 
the Status Register, the 1/0 registers (PORTs), and the 
File Select Register. The general purpose registers are 
used for data and control information under command of 
the instructions. 

In addition, special purpose registers are used to control 
the 1/0 port configuration, and the prescaler options. 

2.4 Arithmetic/Logic Unit (ALU) 

The 8-bit wide ALU contains one temporary working 
register (W Register). It performs arithmetic and Bool
ean functions between data held in the W Register and 
any file register. It also does single operand operations 
on either the W register or any file register. 

2.5 Program Memory 

512 words of 12-bit wide on-chip program memory 
(EPROM) can be directly addressed. 

Sequencing of microinstructions is controlled via. the 
Program Counter (PC) which automatically increments 
to execute in-line programs. Program control opera
tions, supporting direct, indirect, relative addressing 
modes, can be performed by Bit Test and Skip instruc
tions, Call instructions, Jump instructions or by loading 
computed addresses into the PC. In addition, an on-chip 
two-level stack is employed to provide easy to use 
subroutine nesting. 

FIGURE 2.2.1 - CLOCKS/INSTRUCTION CYCLE 

01 Cl! 03 I 04 01 Cl! Q3 I Q4 01 I Cl! 03 I 04 

OSC1 

01 

'------~:1 Internal 
--- '~Phase 

''--------~:J ~ Q4 

roj r------,ro~-----+----"PC..-:-+•1-----Y----,PC""""°'+02-----; 
(ProgramCountef) , 

OSC2/CLKOUT 

(RC Mode) ,_' ---F~et~ch~INS-T=PC-----; 
Execute INST (PC·1) Fetch INST (PC+ 1) 

xecute 
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3.0 PIC16C54A SERIES OVERVIEW 
A wide variety of EPROM and RAM sizes, number of 
1/0 pins, oscillator types, frequency ranges, and packag
ing options is available. Depending on application and 
production requirements the proper device option can 
be selected using the information and tables in this 
section. When placing orders, please use the 
"PIC16C54A Product Identification System" on the back 
page of this data sheet to specify the correct part 
number. 

3.1 UV Erasable Devices 

These devices are optimal for prototype development 
and pilot series. The desired oscillator configuration is 
EPROM programmable as 'RC', 'XT', 'HS" or 'LP'. An 
erased device is configured as "RC' type by default. 
Depending on the selectedoscillatortypeandfrequency, 
the operating supply voltage must be within the same 
range as a OTP/OTP part would be specified for. 

3.2 One-Time-Programmable (OTP) Devices 

The availability of OTP devices is especially useful for 
customers expecting frequent code changes and up
dates. OTP devices have the oscillator type pre-config
ured by the factory, and they are tested only for this 
special configuration (including voltage and frequency 
ranges, current consumption). 

PIC16C54A 

The program EPROM is erased, allowing the user to 
write the application code into it. In addition, the Watch
dog Timer can be disabled, and/or the code protection 
logic can be activated by programming special EPROM 
fuses. The 16 special EPROM bits for ID code storage 
are also user programmable. 

3.3 Qu!ck-Turnaround·Productlon (OTP) 
Pevice• 

Microchip offers a OTP Programming Service for factory 
production orders. This service is made available for 
users who chose not to program a medium to high 2 quantity of units and whose code patterns h~ve stabi-
lized. The devices are identical to the OTP devices but 
with all EPROM locations and fuse options already 
programmed by the factory. Certain code and prototype 
verification procedures do apply before production ship-
ments are available. Please contact your Microchip 
Technology sales office for more details. 

3.4 Serialized.Quick· Turnaround-Production 
(SQTP) Devices 

Microchip offers the unique programming service where 
few locations in each device are programmed with 
different serial numbers. The serial numbers may be 
random, pseudo-random or sequential. 

Serial programming allows each device to have a unique 
number which can serve as an entry-code, password or 
ID·number. 
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4.0 OPERATIONAL REGISTER FILES 

4.1 Indirect Data Addressing 

This is not a physically implemented register. Address
ing INDF calls for the contents of the File Select Register 
to be used to select a file register. INDF is useful as an 
indirect address pointer. For example, in the instruction 
ADDWF INDF, W will add the contents of the register 
pointed to by the FSR to the content of the W Register 
and place the result in W. 

If INDF itself is read through indirect addressing (i.e. 
FSR = Oh), then OOh is read. If INDF is written to via 
indirect addressing, the result will be a NOP. 

4.2 Real Time Clock/Counter Register 
(RTCC) 

This register can be loaded and read by the program as 
any other register. In addition, its contents can be 
incremented by an external signal edge applied to the 
RTCC pin, or by the internal instruction cycle clock 
(CLKOUT=fosc/4). Figure 4.1.1 is a simplified block 
diagram of RTCC. 

An B-bit prescaler can be assigned to the RTCC by 
writing the proper values to the PSA bit and the PS bits 
in the OPTION register. OPTION register is a special 
register (not mapped in data memory) addressable 
using the 'OPTION' instruction. See Section 7.4 for 
details. If the prescaler is assigned to the RTCC, 
instructions writing to RTCC (e.g. CLRF RTCC, or 
BSF RTCC,5, ... etc.) clear the prescaler. 

The bit "RTS' (RTCC signal Source) in the OPTION 
register determines if RTCC is incremented internally or 
externally. 

RTS=1: The clock source for the RTCC or the pres
caler, if assigned to it, is the signal on the RTCC 
pin. Bit 4 of the OPTION register (RTE) deter
mines if an increment occurs on the falling 
(RTE=1) or rising (RTE=O) edge of the signal 
presented to the RTCC pin. 

RTS=O: The RTCC register or its prescaler, respec
tively, will be incremented with the internal 
instruction clock(= Fosd4). The "RTE' bit in the 
OPTION register and the RTCC pin are 'don't 
care" in this case. The RTCC pin must not be 
left floating (tie to Voe or Vss). This prevents 
unintended entering of test modes and to re
duce the current consumption in low power 
applications. 

As long as clocks are applied to the RTCC (from internal 
or external source, with or without prescaler), RTCC 
keeps incrementing and just rolls over when the value 
'FFh" is reached. All increment pulses for RTCC are 
delayed by two instruction cycles. After writing to RTCC, 
for example, no increment takes place for the following 
two instruction cycles. This is independent if internal or 
external clock source is selected. If a prescaler is as
signed to the RTCC, the output of the prescaler will be 
delayed by two cycles before RTCC is incremented. 
This is true for instructions that either write to or read
modify-write RTCC (e.g. MOVF RTCC, CLRF RTCC). 
For applications where RTCC needs to be tested for 
zero without affecting its count, use of MOVF RTCC, W 
instruction is recommended. Timing diagrams in Figure 
4.2.2 show RTCC read, write and increment timing. 

4.2.1 USING RTCC WITH EXTERNAL CLOCK 

When external clock input is used for RTCC, it is syn
chronized with the internal phase clocks. Therefore, the 
external clock input must meet certain requirements. 
Also there is some delay from the occurance of the 
external clock edge to the actual incrementing of RTCC. 
Referring to Figure 4.1.1, the synchronization is done 
after the prescaler. The output of the prescaler is 
sampled twice in every instruction cycle to detect rising 
or falling edges. Therefore, it is necessary for PSOUT 
to be high for at least 2 tosc and low for at least 2 tosc 
where tosc = oscillator time period. 

FIGURE 4.1.1 - RTCC BLOCK DIAGRAM (SIMPLIFIED) 

RTCC 

PIN 

~ 
RTE 

08302076-page 8 

fosc/4 0 

RTS 

PROGRAMMABLE 

PRESCALER 

PS2.PS1,PSO PSA 

SYNC WITH 

INTERNAL 

CLOCKS 

(2 CYCLE DELAY) 

DATA BUS 

Es 
RTCC(B) 

Notes: 1. Bits, RTE, RTS, PS2, PS1, PSO are located in option register. 
2. The prescaler is shared with Watchdog Timer (see Figure 9.0.1 ). 

[F)[J®~ o miil o ITil@IT'W © 1994 Microchip Technology Inc. 

2-102 



FIGURE 4.2.1 - PIC16C54A DATA MEMORY MAP 
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When no prescaler is used, PSOUT (Prescaler output, 
see Figure 4.1.1) is the same as RTCC clock input and 
therefore the requirements are: 

TRTH = RTCC high time <: 2tosc + 20ns 
TRTL = RTCC low time <: 2tosc + 20ns 

When prescaler is used, the RTCC input is divided by the 
asynchronous ripple counter-type prescaler and so the 
prescaler output is symmetrical. 

Then: PSOUT high time= PSOUT low time = ~ 
where TRT = RTCC input period and N = prescale value 

(2, 4, .... , 256). The requirement is, therefore N •JRT 
;:: 2 tosc + 20 ns, or TRT <: 4 tosc + 40 ns . 

N 

The user will notice that no requirement on RTCC high 
time or low time is specified. However, if the high time 
or low time on RTCC is too small then the pulse may not 
be detected, hence a minimum high or low time of 1 Ons 
is required. In summary, the RTCC input requirements 
are: 

TRT RTCC period<: (4 tosc + 40ns)/N 
TRTH RTCC high time<: 10ns 
TRTL RTCC low time <: 1 Ons 

Delay from external clock edge: Since the prescaler 
output is synchronized with the internal clocks, there is 
a small delay from the time the external clock edge 
occurs to the time the RTCC is actually incremented. 
Referring to Figure 4.2.3, the reader can see that this 
delay is between 3 tosc and 7 lose. Thus, for example, 
measuring the interval between two edges (e.g. period) 
will be accurate within ±4 tosc (±200ns @ 20 MHz). 

4.3 Program Counter (PC) 

The program counter generates the addresses for on
chip ROM containing the program instruction words 
(Figure 4.3.1 ). 

The program counter is set to all '1 's upon a RESET 
condition. During program execution it is auto 
incremented with each instruction unless the result of 
that instruction changes the PC itself: 

a) 'GOTO' instructions allow the direct loading of the 
lower nine program counter bits (PC <8:0> ). 

b) 'CALL' instructions load the lower 8-bits of the PC 
directly while the ninth bit is cleared to •o•. The PC 
value, incremented by one, will be pushed into the 
stack. 

c) 'RETLW' instructions load the program counter 
with the top of stack contents. 

d) If PC is the destination in any instruction (e.g. 
MOVWF PC, ADDWF PC, or BSF PC,5) then the 
computed 8-bit result will be loaded into the lower 
8-bits of program counter. The ninth bit of PC will be 
cleared. 

FIGURE 4.2.2A • RTCC TIMING: INT CLOCK/NO PRESCALE 

FC 
(PROGRAM 
COUl'ITER) 

RTCC 

:~1~1001~:~1~1001~:~1~1001~:~1~1001~:~1~1001~:~1~1001~:~1001001~:~1~1001~: 

PC-1 fC « PC+1 PC+2 « PC+3 I PC+4 PC+S I PC+S I 

INST"' : MOVF RTCC, W : MOVF RTCC, W : MOVF RTCC, W MOVF RTCC, W : MOVF RTCC, W : 
I MOVWFRTCC 

RI" AT+1 I RT +2 I NAT NAT NRT+1 NRT+2 NRT+3 G 
' t ' t t t t 

WJiteRTCC ReadRTCC ' ReadRTCC Read RTCC Read RTCC Read RTCC 
' executed ' reads NAT ' reads NAT reads NRT + 1 ' reads NAT +2 ' reads NAT+ 3 

FIGURE 4.2.28 - RTCC TIMING: INT CLOCK/PRESCALE 1 :2 

FC 
(PROGRAM 
COUl'ITER) 

RTCC 

•rn1~1001m•rn1~1001m•m1~1001m•rn1~1001m•m1~1001m•m1~1001m•rn1~1001m•m1~1001m: 
I I I I I I I I I 

PC-1 R: PC+1 « PC+2 PC+3 I PC+4 PC+s i PC+s 

, MOVWF RTCC : MOVF RTCC, W : MOVF RTCC, W : MOVF RTCC, W : MOVF RTCC, W : MOVF ATCC, W : 

' 

RT+1 NAT NRT+1 

' t t 
Write RTCC I Read RTCC Read RTCC • Read RTCC • Read RTCC 1 Read RTCC 
executed ' reads NAT reads NRT 1 reads NRT 1 reads NAT ' reads NAT+ 1 
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FIGURE 4.2.3 - RTCC TIMING WITH EXTERNAL CLOCK 

:m1~1m104:m1~1m104:m1~1m104:m1~1m104: 

EXT CLOCK INPUT OR 
PRESCALER OUT (NOTE 2) ,._........_.._......_, __ ~c-...1 

Small pulse, 
misses sam ling 

EXT CLOCK/PRESCALER 
OUTPUT AFTER SAMPLING 

INCREMENT RTCC (04) ~' -----~---~ 

RTCC 

Notes: 

R+1 R+2 

1. Delay from clock input change to RTCC increment is 3 tose to 7 lose. (Duration of a= lose). 
Therefore, the error in measuring the interval between two edges on RTCC input = ± 4 lose max. 

2. External clock H no presealer selected, Prescaler output otherwise. 
3. The arrows indicate the points In time where sampling occurs. 

FIGURE 4.3.1 - PROGRAM MEMORY ORGANIZATION 

-(GOTO ............................................................... DIRECT FROM INSTRUCTION WORD 
CALL, INST WITH PC AS DESTINATION ......... ALWAYS "O" 

-(GOTO, CALL ........................................... DIRECT FROM INSTRUCTION WORD 
INST WITH PC AS DESTINATION ......... FROM ALU 

STACK LEVEL 1 

STACK LEVEL 2 

000 

OFF 
PAGEO 

100 

1FF 

4.4 Stack 

The PIC16C54A series employs a two-level hardware 
push/pop stack (Figure 4.3.1 ). 

CALL instructions push the current program counter 
value, incremented by "1 ', into stack level 1. Stack level 
1 is automatically pushed to level 2. If more than two 
subsequent 'CALL 's are executed, only the most recent 
two return addresses are stored. 

RETLW instructions load the contents of stack level 1 
into the program counter while stack level 2 gets copied 
into level 1. If more than two subsequent "RETLW's are 
executed, the stack will be filled with the address previ
ously stored in level 2. 
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4.5 Status Word Register (STATUS) 

This register contains the arithmetic status of the ALU, 
the RESET status. 

The STATUS register can be destination for any instruc
tion like any other register. However, the status bits are 
set after the following write. Furthermore, TO and PD 
bits are not writable. Therefore, the result of an instruc
tion with STATUS register as destination may be differ
ent than intended. For example, CLRF STATUS will 

FIGURE 4.5.1 - STATUS WORD REGISTER 

clear all bits except for TO and PD and then set the Z bit 
and leave STATUS register as OOOUU100 (where U = 
unchanged). 

It is recommended, therefore, that only BCF, BSF and 
MOVWF instructions are used to alter the STATUS 
registers because 1hese instructions do not affect any 
status bit. 

For other instructions, affecting any status bits, see 
Section 'Instruction Set Summary' (Table 10.0.1). 

RESET CONDmON: 
PA2,PA1, PAO cleared to 'O'. 

PAO I 10 I fiD I z I a:; I c J TO, PD are set or reset as shown in Table 4.5.2.1 

l: Z, DC, C are unknown on power on reset and 
0 unchanged in any other reset. 

CARRYiBORROW BIT: 
For ADDWF and SUBWF instructions, this bit is set if there is 
a carry out from the most significant bit of the resultant. 
Note that a subtraction is executed by adding the two's 
complement of the second operand. For rotate (RAF, ALF) 
instructions, this bit is loaded with either the high or low 
order bit of the source register. 

~-- DIGIT CARRY/BORROW BIT: 
For ADDWF and SUBWF instructions, this bit is set if there is 
a carry out from the 4th low order bit of the resultant. 

'------- ZERO BIT: 
Set H the result of an arithmetic or logic operation is zero. 

~------- POWER DOWN BIT: 
Set to •1 • during power up or by a CLRWDT command. This 
bit is reset to "O' by a SLEEP instruction. 

~--------- TIME-OUT BIT: 
Set to •1• during power up and by the CLRWDT and SLEEP 
command. This bit is reset to •o• by a watchdog timer time 
out. 

'--------------- PIC16C54A: Two general purpose read/write bits. In PIC16C56 
and PIC16C57 these are page select bits. 

'------------------- BIT7: General purpose read/write bit 
(reserved for future use) 
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4.5.1 CARRY/BORROW AND DIGIT CARRY/ 
BORROW BITS: 

The Carry bit (C) is a carry out in addition operation 
(ADDWF) and a borrow out in subtract operation 
(SUBWF). 

It is also affected by RRF and RLF instructions. The 
following examples explain carry/borrow bit operation: 

;SUBWF Example #1 

clrf Ox20 
movlw 1 
subwf Ox20 

;f(20h)=0 
;wreg=l 
;f(20h)=f(20h)-wreg=0-l=FFh 
;Carry=O: Result is negative 

;SUBWF Example #2 
movlw OxFF 

;f(20h)=FFh 
;wreg=O 

movwf Ox20 
clrw 
subwf Ox20 
O=FFh 

;f(20h)=f (20h)-wreg=FFh-

;Carry=l:Result is positive 

The digit carry operates in the same way as the carry bit, 
i.e. it is a borrow in subtract operation. 

4.5.2 TIME OUT AND POWER DOWN STATUS 
BITS ITO. PD) 

The TO and PD bits in the STATUS register can be 
tested to determine if a RESET condition has been 
caused by a Watchdog Timer timeout, a power-up 
condition, or a wake-up from SLEEP by the Watchdog 
Timer or MCLR pin. 

These status bits are only affected by events listed in 
Table 4.5.2.1. 

PIC16C54A 

TABLE 4.5.2.1 • EVENTS AFFECTING PD/ 
TO STATUS BITS 

Event TO PD Remarks 

Power-up 1 1 
WDTTimeout 0 x No effect on PD 
SLEEP instruction 1 0 
CLRWDT instruction 1 1 

Note: A WOT timeout will occur regardless of the status of the TO 
bit. A SLEEP instruction will be executed, regardless of the 
status of the P5 bit. Table 4.5.2.2 reflects the status of PD 
and TO after the corresponding event. 

TABLE 4.5.2.2 ·PD/TO STATUS AFTER 
RESET 

-
TO PD RESET was caused by 

0 0 WDT wake-up from SLEEP 
0 1 WDT time-out (not during SLEEP) 
1 0 MCLR wake-up from SLEEP 
1 1 Power-up 
u u = Low pulse on MCLR input 

Note: The PD and TO bit maintain their status (U) until an event 
of Table 4.5.2.1 occurs. A low-pulse on the MCLR input 
does not change the P5 and TO status bits. 

4.6 File Select Register (FSRl 

PIC16C54A 

Bits 0-4 select one of the 32 available file registers in the 
indirect addressing mode (that is, calling for file INDF in 
any of the file oriented instructions). 

Bits 5-7 of the FSR are read-only and are always read as 
•one•s. 

If no indirect addressing is used, the FSR can be used 
as a 5-bit wide general purpose register. 
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5.0 110 REGISTERS (PORTS} 

The 1/0 registers can be written and read under program 
control like any other register of the register file. How
ever, 'read' instructions (e.g. MOVF PORTB,W) always 
read the VO pins, regardless if a pin is defined as 'inp1Jt' 
or 'output.' · UP<>n a RESET condition, all 1/0 ports are 
defined as •iilput' (= high impedance mode) as the 1/0 
control registera (TRISA, TRISB) are all set to 'ones.• 

The execution'qf~'JRIS r instruction with correspond
ing 'zeros' in the w~register is necessary to define ariy 
of the VO pins ill> ()Utput. 

5.1 fQ.BIA 

4-bit 1/0 register. Low-order 4-bits only are used (RAO -
RA3). Bit 4 - 7 are unimplemented and read as 'zeros.• 

5.2 fQBill 

8-bit 1/0 register. 

5.3 fl 
In PIC16C54A, file register f7 is a general purpose 
register. 

5.4 l/O Interfacing 

The equivalent circuit for an 1/0 port bit is shown in 
Figure 5.4.1. All ports may be used for both input and 
output operations. For input operations these ports are 
non-latching. Any input must be present until read by an 
input instruction (e.g. MOVF PORTB, W). The outputs 
are latched and remain unchanged until the output latch 
is rewritten. To use a port pin as output, the correspond
ing direction control bit (in TRISA, TRISB) must be set to 
zero. For use as an input, the corresponding TRIS bit5.5 
110 Programming Considerationsmust be 'one'. Any 1/0 
pin can be programmed individually as input or output. 

FIGURE 5.4.1 • EQUIVALENT CIRCUIT FOR A SINGLE 1/0 PIN 

FROM - o 
DATA 

BUS DATA 
LATCH 

Q 

"WRITE" - CK ~ 1----

TO DATA BUS 

'READ" 

FROM - 0 
W-REGISTER 

Q 1-----1'---.J 

VO 
CONTROL 

LATCH 
'TRIS I' - CK SET a 1---------4 

'RESET' 
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5.5 UO Programming Considerations 

5.5.1 BIDIRECTIONAL 1/0 PORTS 

Some instructions operate internally as read followed by 
write operations. The BCF and BSF instructions, for 
example, read the entire port into the CPU, execute the 
bit operation, and re-output the result. Caution must be 
used when these instructions are applied to a port where 
one or more pins are used as inpuVoutputs. For ex
ample, a BSF operation on bit 5 of PORTB will cause all 
eight bits of PORTB to be read into the CPU. Then the 
BSF operation takes place on bit 5 and PORTB is re
output to the output latches. If another bit of PORTB is 
used as a bidirectional 1/0 pin (say bit 0) and it is defined 
as an input at this time, the input signal present on the 
pin itself would be read into the CPU and re-written to the 
data latch of this particular pin, overwriting the previous 
content. As long as the pin stays in the input mode, no 
problem occurs. However, if bit O is switched into output 
mode later on, the content of the data latch may now be 
unknown. 

A pin actively outputting a •o• or' 1' should not be driven 
from external devices at the same time in order to 
change the level on this pin ('wired-or", "wired-and'). 
The resulting high output currents may damage the chip. 

FIGURE 5.5.2.1 - UO PORT READ/WRITE TIMING 

PIC16C54A 

5.5.2 SUCCESSIVE OPERATIONS ON l/O PORTS 

The actual write to an 1/0 port happens at the end of an 
instruction cycle, whereas for reading, the data must be 
valid atthe beginning of the instruction cycle (see Figure 
5.5.2.1). Therefore, care must be exercised if a write 
followed by a read operation is carried out on the same 
110 port. The sequence of instructions should be such to 
allow the pin voltage to stabilize (load dependent) before 
the next instruction which causes that file to be read into 
the CPU is executed. Otherwise, the previous state of 
that pin may be read into the CPU rather than the new 
state. When in doubt, it is better to separate these 
instructions with a NOP or an other instruction not 
accessing this 1/0 port. 

:~1m1m1~:~1m1m1~:~1m1m1~:~1m1m1~: Note: 

FC ~ FC X PC+1 X PC+2 X PC+3 : 
Instruction , MOVWF PORTB , MOVF PORTB, W , NOP NOP 

fetched ' Write to PORTS • Read PORTS 

I I 

RB (7:0) '....-----.,..------'~'""F-t.------,:-----, 
: : Portpin : 
, , sampled here , --.T:-

Execute ' Execute 
I MOVWF PORTB I MOVF PORTS, w 

© 1994 Microchip Technology Inc. ~rr®~ o ITiJDD ITil~IT'W 
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Execute 
NOP 

This example shows write 
to PORTS followed by a 
read from PORTS. Note 
that the data setup time = 
(0.25 TCY - TPD) where 
TCY = instruction cycle 
Therefore, at higher clock 
frequencies, write followed 
by a read may be 
problematic. 
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ao GENERALPURPOSE 
REGISTERS 

f07h - f1 Fh: are general purpose register files. 

7.0 SPECIAL PURPOSE REGISTERS 

7.1 W Working Register 

Holds second operand in two operand instructions and/ 
or supports the internal data transfer. 

7.2 TRISA VO Control Register For 
PORTA 

Only bits O - 3 are available. The corresponding 1/0 port 
(f5) is only 4-bit wide. 

7.3 TRISB VO Control Register For 
PORTB 

The 1/0 control registers will be loaded with the content 
of the W register by executing of the TRIS f instruction. 

FIGURE 7.4.1 ·OPTION REGISTER 

5 4 3 2 0 

[ RTS I RTE I PSA I PS2 I PS1 I PSO 

\ I 

PRESCALER VALUE 

0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 

0 1 
1 0 

1 

A '1' in the 1/0 control register puts the corresponding 
110 pin into a high impedance mode. A •o• puts the 
contents of file register PORTA or PORTB, respectively, 
out on the selected 1/0 pins. 

These registers are 'write-only" and are set to all 'ones" 
upon a RESET condition. 

7.4 OPTION Prescaler/RTCC Ootion 
Register 

Defines prescaler assignment (RTCC or WOT), pres
calervalue, signal source and signal edge for the RTCC. 
The OPTION register is 'write-only' and is 6 bit wide. 

By executing the 'OPTION' instruction, the contents of 
the 'W' register will be transferred to the option register. 
Upon a RESET condition, the option register is set to all 
•ones.• 

RESETVALUE: 111111b 

RTCC RATE WOT RATE 

1 : 2 
1 : 4 
1 : 8 
1 : 16 
1 : 32 
1 : 64 
1 : 128 
1 : 256 

1: 1 
1 : 2 
1 : 4 
1 : 8 
1 : 16 
1 : 32 
1 : 64 
1 : 128 

~------ PRESCALER ASSIGNMENT BIT: 
0 .... RTCC 
1 .... WOT 

~-------- RTCC SIGNAL EDGE: 
0 .... INCREMENT ON LOW-TO-HIGH TRANSITION ON RTCC PIN 
1 .... INCREMENT ON HIGH-TO-LOW TRANSITION ON RTCC PIN 

~---------- RTCC SIGNAL SOURCE: 
0 .... INTERNAL INSTRUCTION CYCLE CLOCK (CLKOUl) 
1 .... TRANSITION ON RTCC PIN 
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8.0 RESET CONDITION 
A RESET condition can be caused by applying power to 
the chip (power-up), pulling the MCLR input "low", or by 
a Watchdog Timer timeout. The device will stay in 
RESET as long as the Oscillator Start-up Timer (OST) is 
active or the MCLR input is 'low.• 

The Oscillator Start-up Timer is activated as soon as 
MCLR input is sensed to be high. This implies that in 
case of Power-On Reset with MCLR tied to Voo the OST 
starts from power-up. In case of WDTtimeout, it will start 
at the end of the timeout (since MCLR is high). In case 
of MCLR reset, the OSTwill start when MCLR goes high. 
The nominal OST timeout period is 18ms. See Section 
13.0 for detailed information on OST and Power-On 
Reset. 

During a RESET condition the state of the PIC16C54A 
is defined as : 

• The oscillator is running, or will be started (power
up or wake-up from SLEEP). 

• All 1/0 port pins (RAO - RA3, ABO - RB7 are put into 
the high-impedance state by setting the 'TRIS" reg
isters to all 'ones' (= input mode). 

• The Program Counter is set to all 'ones' (1 FFh). 
• The OPTION register is set to all 'ones'. 
• The Watchdog Timer and its prescaler are cleared. 
• The upper-three bits (page select bits) in the Status 

Register (f3) are cleared to 'zero.• 
• 'RC' devices only: The "CLKOUT" signal on the 

OSC2 pin is held at a"low' level. 

PIC16C54A 

9.0 PRESCALER 
An 8-bit counter is available as a prescalerforthe RTCC, 
or as a post-scaler for the Watchdog Timer, respectively 
(Figure 9.0.1 ). For simplicity, this counter is being re
ferred to as 'prescaler' throughout this data sheet. Note 
that there is only one prescaler available which is mutu
ally exclusively shared between the RTCC and the 
Watchdog Timer. Thus, a prescaler assignment for the 
RTCC means thatthere is no prescalerforthe Watchdog 
Timer, and vice-versa. 

The PSA and PSO-PS2 bits in the OPTION register 
determine the prescaler assignment and pre-scale ratio. 2 When assigned to the RTCC, all instructions writing to 
the RTCC (e.g. CLRF RTCC, MOVWF RTCC, 
BSF RTCC,x .... etc.) will clear the prescaler. When 
assigned to WOT, a CLRWDT instruction will clear the 
prescaler along with the Watchdog Timer. 

FIGURE 9.0.1 - BLOCK DIAGRAM RTCC/WDT PRESCALER 

CLKOUT (=Fosc/4) 

~ 
PIN 

WATCH 
DOG 

TIMER 

RTE 

WOT ENABLE 
EPROMFUSE 
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ATS 
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PSA 

SYNC 
2 

CYCLES 

- PSO-PS 
~~~~~~ 2 

DATA BUS 

8 

RTCC 

Note: RTE, ATS. PSA, PSO-PS2 WOT 
TIMEOUT are bits in the OPTION register. 
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9.1 Switching Prescaler Assignment 

CHANGING PRESCALER FROM RTCC TO WOT 

The prescaler assignment is fully under software con
trol, i.e., it can be changed 'on the fly' during program 
execution. To avoid an unintended device RESET, the 
following instruction sequence must be executed when 
changing the prescaler assignment from RTCC to WOT: 

1. MOVLW B'xxOxOxxx' ; Select internal clock and select new 
2. OPTION ; prescaler value. If new prescale value 

; is = '000' or '001 ', then select any other 
; prescale value temporarily. 

3. CLRF 1 ; Clear RTCC and 1!£llialW:. 
4. MOVLW B'xxxx1xxx' ; Select WOT, do not change prescale 

; value. 
5. OPTION 
6.CLRWOT 

f7. MOVLW B'xxxx1xxx' 
La. OPTION 

; Clears WOT and 1!£llialW:. 
; Select new prescale value. 

Steps 1 and 2 are only required if an external RTCC 
source is used. Steps 7 and 8 are necessary only if the 
desired prescale value is '000' or '001'. 

CHANGING PRESCALER FROM WOT TO RTCC 

To change prescalerfrorn WDTto RTCC use the follow
ing sequence: 

1. CLRWOT ; Clear WOT and l!£llialW: 
2. MOVLW B 'xxxxOxxx' ; Select RTCC, new prescale value 

; and clock source 
3. OPTION 

Notes to Table 10.0.1 

10.0 BASIC INSTRUCTION SET 
SUMMARY 

Each instruction isa 12-bitword divided into an OPCODE 
which specifies the instruction type and one or more 
operands which further specify the operation of the 
instruction. The instruction set summary in Table 10.0.1 
lists byte-oriented, bit-oriented, and literal and control 
operations. 

For byte-oriented instructions, 'I' represents a file regis
ter designator and 'd' represents a destination designa
tor. The file register designator specifies which one of 
the 32 file registers is to be utilized by the instruction. 

The destination designator specifies where the result of 
the operation is to be placed. If "d' is zero, the result is 
placed in the W register. If 'd' is one, the result is placed 
in the file register specified in the instruction. 

For bit-oriented instructions, 'b" represents a bit field 
designator which selects the number of the bit affected 
by the operation, while 'I" represents the number of the 
file in which the bit is located. 

For literal and control operations, 'k' represents an eight 
or nine bit constant or literal value. 

All instructions are executed within one single instruc
tion cycle, unless a conditional test is true or the program 
counter is changed as a result of an instruction. In this 
case, the execution takes two instruction cycles. One 
instruction cycle consists of four oscillator periods. Thus, 
for an oscillator frequency of 4 MHz, the normal instruc
tion execution time is 1 µsec. If a conditional test is true 
or the program counter is changed as a result of an 
instruction, the instruction execution time is 2 µsec. 

Note 1: The ninth bit of the program counter will be forced to a "zero" by any instruction that writes to the PC except for 
GOTO (e.g. CALL, MOVWF PC etc.). See Section 4.3 on page 8 for details. 

Note 2: When an 110 register is modified as a function of itself (e.g. MOVF PORTS, 1 ), the value used will be that value 
present on the pins themselves. For example, if the data latch is '1' for a pin configured as output and is driven 
low by an external device, the data will be written back with a 'O'. 

Note 3: The instruction 'TRIS I' , where f = 5,6, or 7 causes the contents of the W register to be written to the tristate latches 
of the specified file (port). A 'one" forces the pin to a high impedance state and disables the output buffers. 

Note4: If this instruction is executed on file registerf1 (and, where applicable, d=1 ), the prescalerwill be cleared if assigned 
to the RTCC. 
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TABLE 10.0.1- INSTRUCTION SET SUMMARY 

(11-6) (5) (4-0) 
BYTE-ORIENTED FILE REGISTER OPERATIONS I OPCODE I d I f(FILE #) I 

d = o for destination W 
d = 1 for destination f 

Instruction-Binary (Hex) Name Mnemonic, Operands Operation Status Affected Notes 

0001 lldf ff ff lCf Add Wand f ADDWF 
'· d 

W+f-+d C,OC,Z 1,2,4 
0001 Oldf ff ff 14f ANDWandf ANDWF 

'· d 
W&f-+d z 2,4 

0000 Ollf ff ff 06f Clearf CLRF f 0-+f z 4 
0000 0100 0000 040 ClearW CLRW - 0-+W z 
0010 Oldf ffff 24f Complement f COMF 

'· d 
f-+ d z 2,4 • 0000 lldf ffff OCf Decrement f DECF 

'· d 
f -1 -+ d z 2,4 

0010 lldf ffff 2Cf Decrement f,Skip if Zero DECFSZ 
'· d 

f - 1 -+ d, skip if zero None 2,4 
0010 lOdf ffff 28f Increment f INCF 

'· d 
f+1-+d z 2,4 

0011 lldf ff ff 3Cf Increment f,Skip if zero INCFSZ 
'· d 

f + 1 -+ d, skip if zero None 2,4 
0001 OOdf ff ff lOf Inclusive OR W and f IORWF 

'· d 
WVf-+d z 2,4 

0010 OOdf ff ff 20f Move f MOVF 
'· d 

f-+ d z 2,4 
0000 OOlf ff ff 02f MoveWtof MOVWF f W-+f None 1,4 
0000 0000 0000 000 No Operation NOP - - None 
0011 Oldf ffff 34f Rotate left f RLF 

'· d 
f(n)-+ d(n+ 1 ), C-+ d(O), f(7) -+ C c 2,4 

0011 OOdf fff f 30f Rotate right f RRF 
'· d 

f(n)-+ d(n-1), C-+ d(7), f(O)-+ C c 2,4 
0000 lOdf ffff OBf Subtract W from f SUBWF f, d f - w-+ d [f + w + 1 -+ d] C,DC,Z 1,2,4 
0011 lOdf ffff 38f Swap halves f SWAPF 

'· d 
f(0-3) H f(4-7)-+ d None 2,4 

0001 lOdf ffff lBf Exclusive OR Wand f XORWF 
'· d 

Wf& f-+d z 2,4 

(11-8) (7-5) (4-0) 
BIT-ORIENTED FILE REGISTER OPERATIONS I OPCODE I b(BIT#) I f(FILE #) I 

Instruction-Binary (Hex) Name Mnemonic, Operands Operation Status Affected Notes 

0100 bbbf ff ff 4bf Bit Clearf BCF 
'· b 

0-+ f(b) None 2,4 
0101 bbbf ff ff 5bf Bit Self BSF 

'· b 
1-+ f(b) None 2,4 

0110 bbbf ff ff 6bf Bit Test f,Skip if Clear BTFSC 
'· b 

Test bit (b) in file (f): Skip if clear None 
0111 bbbf ff ff 7bf Bil Test f, Skip if Set BTFSS 

'· b 
Test bit (b) in file (f): Skip if set None 

(11-8) (7-0) 
LITERAL AND CONTROL OPERATIONS I OPCODE I k(LITERAL) I 

Instruction-Binary (Hex) Name Mnemonic, Operands Operation Status Affected Notes 

1110 kkkk kkkk Ekk AND Literal and W ANDLW k k&W-+W z 
1001 kkkk kkkk 9kk Call subroutine CALL k PC + 1 -+ Stack, k-+ PC None 1 
0000 0000 0100 004 Clear Watchdog timer CLRWDT - 0 -+WOT (and prescaler, if assigned) TO,PD 
lOlk kkkk kkkk Akk Go To address (k is 9 bit) GOTO k k-+ PC (9 bits) None 
1101 kkkk kkkk Dkk Incl. OR Literal and W IORLW k kVW-+W z 
110 0 kkkk kkkk Ckk Move Literal to W MOVLW k k-+W None 
0000 0000 0010 002 Load OPTION register OPTION - W -+ OPTION register None 
1000 kkkk kkkk Bkk Return.place Literal in W RETLW k k -+ W, Stack -+ PC None 
0000 0000 0011 003 Go into standby mode SLEEP . o -+ WOT, stop oscillator TO,PD 
0000 0000 Offf OOf Tristate port f TRIS f W-+ 1/0 control register f None 3 
1111 kkkk kkkk Fkk Exel. OR Literal and W XORLW k kf&W-+W z 

Notes: See previous page 

C 1994 Microchip Technology Inc. [¥> U'®~ a lll1il a Uil®U'W OS30207B-page 19 

2-113 



PIC16C54A 

11.0 WATCHDOG TIMER (WOT} 

The Watchdog Timer is realized as a free running on
chip RC oscillator which does not require any external 
components. That means that the WOT will run, even if 
the clock on the OSC1/0SC2 pins of the device has 
been stopped, for example, by execution of a SLEEP 
instruction. A WOT timeout generates a device RESET 
condition. The WOT can be permanently disabled by 
programming a 'zero' into an EPROM fuse which is not 
part of the normal program memory EPROM. 

11.1 WOT Period 

The WOT has a nominal timeout period of 18ms, (with no 
prescaler). The timeout periods vary with temperature, 
Voo and process variations from part to part (see DC 
specs). If longer timeout periods are desired, a pres
caler with a division ratio of up to 1: 128 can be assigned 
to the WOT under software control by writing to the 
OPTION register. Thus, time-out periods up to 2.5 
seconds can be realized. 

The "CLRWDT" and "SLEEP" instructions clear the 
WOT and the prescaler count, if assigned to the WOT, 
and prevent it from timing out and generating a device 
RESET condition. 

The status bit TO in file register STATUS will be cleared 
upon a watchdog timer timeout. 

The WOT period is a function of the supply voltage, 
operating temperature, and will also vary from unit to unit 
due to variations in the manufacturing process. Please 
refer to the graphs in Section 18.0 and DC specs for 
more details. 

11.2 WOT Programming Considerations 

It should also be taken in account that under worst case 
conditions (Voo =Min., Temperature= Max., max. WOT 
prescaler) it may take several seconds before a WOT 
timeout occurs. 

12.0 OSCILLATOR CIRCUITS 

12.1 Oscillator Types 

The PIC16C54A series is available with four different 
oscillator options. On windowed devices, a particular 
oscillator circuit can be selected by programming the 
configuration EPROM accordingly. 

On OTP and QTP devices, the oscillator configuration is 
programmed by the factory and the parts are tested only 
to the according specifications. 

12.2 Crystal Oscillator 

The PIC16C54A crystal options (-XT, -HS, or LP) need 
a crystal or ceramic resonator connected to the OSC1 
and OSC2 pins to establish oscillation (Figure 12.2.1). 
XT =Standard crystal oscillator, HS= High speed crystal 
oscillator. The series resistor RS may be required for the 
'HS' oscillator, especially at lower than 20 MHz oscilla
tion frequency. It may also be required in XT mode with 
AT™ strip-cut type crystals to avoid overdriving. 

12.3 RC Oscillator 

For timing insensitive applications the "RC' device op
tion offers additional cost savings. The RC oscillator 
frequency is a function of the supply voltage, the resistor 
(Rext) and capacitor (Cext) values, and the operation 
temperature. In addition to this, the oscillator frequency 
will vary from unit to unit due to normal process param
eter variation. Furthermore, the difference in lead frame 
capacitance between package types will also affect the 
oscillation frequency, especially for low Cext values. 
The user also needs to take into account variation to due 
tolerance of external R and C components used. Figure 
12.3.1 shows how the RIC combination is connected to 
the PIC16C54A. For Rext values below 2.2 kOhm, the 
oscillator operation may become unstable, or stop com
pletely. For very high Rext values (e.g. 1 MOhm), the 
oscillator becomes sensitive to noise, humidity and 
leakage. Thus, we recommend to keep Rext between 3 
kOhm and 100 kOhm. 

Although the oscillator will operate with no external 
capacitor (Cext = O pF), we recommend using values 
above 20 pF for noise and stability reasons. With no or 
small external capacitance, the oscillation frequency 
can vary dramatically due to changes in external capaci
tances, such as PCB trace capacitance or package lead 
frame capacitance. 
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See the table in Section 18.0 for RC frequency variation 
from part to part due to normal process variation. The 
variation is larger for larger R (since leakage current 
variation will affect RC frequency more for large R) and 
for smaller C (since variation of input capacitance will 
affect RC frequency more). 

See characteristics in Section 18.0 for variation of oscil
lator frequency due to Voo for given Rext/Cext values as 
well as frequency variation due to operating temperature 
for given R, C, and Voo values. 

The oscillator frequency, divided by 4, is available on the 
OSC2/CLKOUT pin, and can be used for test purposes 
or to synchronize other logic (see Figure 2.2.1 for 
timing). 

FIGURE 12.2.1 ·CRYSTAL OPERATION 
(OR CERAMIC RESONATOR) 
(HS, XT OR LP TYPES ONLY) 

OSC1 

Rs may be required in HS and XT modes for AT strip-cut 
crystals to avoid overdriving. See Tables 12.2.1 and 12.2.2 
for recommended values of C1, C2 per oscillator type and 
frequency. 

TABLE 12.2.1 • CAPACITOR SELECTION FOR 
CERAMIC RESONATORS 

Oscillator Resonator Capacitor Range 
Type Frequency C1 =C2 

XT 455KHz TBD 
2.0MHz TBD 
4.0MHz TBD 

HS 8.0MHz TBD 

PIC16C54A 

Higher capacitance increases the stability of oscillator 
but also increases the start-up time. These values are 
for design guidance only. Since each resonator has its 
own characteristics, the user should consult the resona
tor manufacturer for appropriate values of external com
ponents. 

FIGURE 12.2.2 ·EXTERNAL CLOCK INPUT 
OPERATION (HS, XT, or 
LP TYPES ONLY) 

CLOCK FROM 
EXT.SYSTEM 

;Jo--- 0$01 

PIC16C5XA 
OSC2 OPEN 

TABLE 12.2.2 • CAPACITOR SELECTION 
FOR CRYSTAL OSCILLATOR 

Osc Freq C1 C2 
Type 

LP 32KHz TBD TBD 
XT 100 KHz TBD TBD 

200KHz TBD TBD 
455 KHz TBD TBD 
1 MHz TBD TBD 
2MHz TBD TBD 
4MHz TBD TBD 

HS 4MHz TBD TBD 
8MHz TBD TBD 

20MHz TBD TBD 

Higher capacitance increases the stability of oscillator 
but also increases the start-up time. These values are 
for design guidance only. Rs may be required in HS 
mode as well as XT mode to avoid overdriving crystals 
with low drive level specification. Since each crystal has 
its own characteristics, the user should consult the 
crystal manufacturer for appropriate values of external 
components. 

FIGURE 12.3.1 ·RC OSCILLATOR (RC TYPE 
ONLY) 

Voo 

Rext 

Cext I 
Vss -= 

Internal 
clock 

PIC16C5XA 

-----i OSC2/CLKOUT 
Fosc/4 '-------------' 
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FIGURE 13.1.1 -EXTERNAL POWER 

D 

Notes: 

ON RESET CIRCUIT 
(FOR SLOW POWER-UP) 

Voo 

PIC16CSXA 

1. External power on reset circuit is required only ii Voo 
power-up slope is too slow or ii a low frequency crystal 
oscillator is being used that need a long start-up time. The 
diode D helps discharge the capacitor quickly when Voe 
powers down. 

2. R < 40 Kn must be obseived to make sure that voltage drop 
across R does not exceed 0.2 V (max leakage current spec 
on MCLR pin is 5 µA). A larger voltage drop will degrade VIH 
level on MCLR pin. 

3. R1= 100'1 to 1Kn will limit any current flowing into MCLR 
from external capacitor C in the event of MCLR pin 
breakdown due to ESD or EOS. 

FIGURE 13.1.2- BROWN OUT PROTECTION 
CIRCUIT 

Voo .-----.---1Voo 
33K 

PIC16CSXA 

Notes: 
1. This circuit will activate reset when VDD goes 

below eyz + 0. 7 V) where vz = Zener voltage. 

FIGURE 13.1.3- BROWN OUT PROTECTION 
CIRCUIT 

R1 

R2 

PIC16CSXA 

Notes: 
1. This brown circuit is less expensive, albeit less 

accurate. Transistor 01 turns off when VDD is 
below a certain level such that: 

R1 
VDD• R1 + R2 =0.7 V. 

13.0 OSCILLATOR START-UP TIMER 
(OST) 

Oscillator circuits based on crystals or ceramic resona
tors require a certain time after power-up to establish a 
stable oscillation. An on-chip oscillator start-up timer is 
provided which keeps the device in a RESET condition 
for approximately 18ms after the voltage on the MCLR 
pin has reached a logic high (VIHMC) level. Thus, 
external RC networks connected to the MCLR input are 
not required in most cases, allowing for savings in cost
sensitive and/or space restricted applications. 

The OST will also be triggered upon a watchdog timer 
timeout. This is particularly important for applications 
using the WOT to awake the PIC16C54A from SLEEP 
mode automatically. 

The OST is not adequate for low frequency crystals 
which require much longer than 18ms to start up and 
stabilize. 

13.1 Power-On Reset (POR) 

The PIC16C54A incorporates an on chip Power-On 
Reset (POR) circuitry which provides internal chip reset 
for most power-up situations. To use this feature the 
user merely needs to tie MCLR pin to Voo. A simplified 
block diagram of the on-chip power on reset circuit is 
shown in Figure 13.1.4. The Power-On Reset circuit and 
the Oscillator Start-up Timer circuit are closely related. 
On power-up the reset latch is set and the start-up timer 
(see Figure 13.1.4) is reset. The start-up timer begins 
counting once it detects MCLR to be high. After the time
out period, which is typically 18ms, it will reset the reset
latch and thus end the on-chip reset signal. 

Figures 13.1.5 and 13.1.6 are two power-up situations 
with relatively fast rise time on Voo. In Figure 13.1.5, 
Voo is allowed to rise and stabilize before bringing 
MCLR high. The chip will actually come out of reset 
tOST ms after MCLR goes high. In Figure 13.1.6, the on
chip Power-On Reset feature is being utilized (MCLR 
and Voo are tied together). The Voo is stable before the 
start-up timer times out and there is no problem in getting 
a proper reset. Figure 13.1. 7 depicts a potentially 
problematic situation where Voo rises too slowly. In this 
situation, when the start-up timer times out, Voo has not 
reached the Voo (min) value and the chip is therefore not 
guaranteed to function correctly. 

To summarize, the on chip Power-On Reset is guaran
teed to work if the rate of rise of Voo is no slower than 
0.05 Vims. It is also necessary that the Voo starts from 
OV. The on chip Power-On Reset is also not adequate 
for low frequency crystals which require much longer 
than 1 Bms to start up and stabilize. For such situations, 
we recommend that external RC circuits are used for 
longer Power-On reset. 
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PIC16C54A 

FIGURE 13.1.4 ·SIMPLIFIED POWER-ON RESET BLOCK DIAGRAM 

VDD 

MCLR 
PIN 

POWER·UP 
DElECT 

ON-CHIP 
RCOSC 

POR (POWER-ON RESET) 

8-BIT ASYNCH 
RIPPLE COUNTER 
(START-UP TIMER) 

FIGURE 13.1.5 ·USING EXTERNAL RESET INPUT 

VDD 

MCLR 

INTERNAL POR 

!OST 

OST TIME-OUT 

INTERNAL RESET 

RESET 
1-----<0---f s Q 

1-------1 R Q1-----1~ 

CHIP RESET 

!OST 

Note 1: The lost time-out is invoked every time the chip comes out of reset. 

FIGURE 13.1.6 ·USING ON-CHIP POR (FAST Voo RISE TIME) 

VDD 

MCLR 

INTERNAL POR 
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OSTTIME-OUT -------------~ 

INTERNAL RESET 
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PIC16C54A 

14.0 POWER DOWN MODE (SLEEP} 

The power down mode is entered by executing a SLEEP 
instruction. 

If enabled, the Watchdog Timer will be cleared but keeps 
running, the bit PD in the STATUS register is cleared, the 
TO bit is set, and the oscillator driver is turned off. The 
1/0 ports maintain the status they had, before the SLEEP 
command was executed (driving high, low, or hi-imped
ance). 

For lowest current consumption in this mode, all 1/0 pins 
should be either at Voo, or Vss, with no external circuitry 
drawing current from the 110 pin. VO pins that are in the 
High-Z mode should be pulled high or low externally to 
avoid switching currents caused by floating inputs. The 
RTCC input should also be at Voo or Vss for lowest 
current consumption. 

The MCLR pin must be at VIHMC. 

14.1 Wake-Up 

The device can be awakened by a Watchdog Timer 
timeout (if it is enabled) or an externally applied 'low" 
pulse at the MCLR pin. In both cases the PIC16C54A will 
stay in RESET mode for one oscillator start-up timer 
period (triggered from rising edge on MCLR or WOT 
timeout) before normal program execution resumes. 

The PD bit in the STATUS register, which is set to one 
during power-on, but cleared by the 'SLEEP' command, 
can be used to determine if the processor was powered 
up or awakened from the power down mode (Table 
4.5.2.2). The TO bit in the STATUS register can be used 
to determine, if the 'wake up' was caused by an external 
MCLR signal or a Watchdog Timer timeout. 

NOTE: Some applications may require external RIC 
networks on the MCLR pin in order to allow for oscillator 
start-up times longer than one OST period. In this case, 
a WOT wake up from power down mode is not recom
mended, because a RESET generated by a WOT time 
out does not discharge the external capacitor, and the 
PIC16C54A will be in RESET only for the Oscillator 
Start-up Timer period. 

FIGURE 13.1.7- USING ON-CHIP POR (SLOW Voo RISE TIME) 

Voo 

INTERNAL POR 

OST TIME-OUT 

INTERNAL RESET 
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ov 

5V 

! 
!+--toST--+! 
! ~!~~~~~~~~~~~~~ 

When Voo rises slowly, the internal time-out period expires long before Voo has reached its final 
value. In this example, the chip will reset properly if, and only if, V12: VDDMIN. 
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15.0 CONFIGURATION FUSES 

The configuration EPROM consists of four EPROM 
fuses which are not part of the normal EPROM for 
program storage. 

Two are for the selection of the oscillator type, one is the 
Watchdog Timer enable fuse, and one is the code 
protection fuse. 

FIGURE 15.1: CONFIGURATION WORD 

11 

Register: FUSES 
Address: N.A. 

OT <1 :II>: OSC selection fuses. 
11 : RC oscillator 
1 O : HS oscillator 
01 : XT oscillator 
00 : LP oscillator 

WDTE: WOT enable fuse. 
~---1 =WOT enabled 

0 = WOT disabled 

CP: Code protection fuse. 
.__ _____ 1: Code protection off 

0: All memory is code 
protected 

Unimplemented. 

15.1 Customer ID Cocle 

The PIC16C54A series has 16 special EPROM bits 
which are not part of the normal program memory. 
These bits are available to the user to store an Identifier 
(ID) code, checksum, or other infonnative data. They 
cannot be accessed during normal program execution. 

PIC16C54A 

15.2 Code Protection 

The program code written into the EPROM can be 
protected by programming the code protection fuse with 
·o·. 
When code protected, the contents of the program 
EPROM cannot be read out in a way that the program 
code can be reconstructed. In addition, all memory 
locations starting at 040h and above are protected 
against programming. 

It is still possible to program locations OOOh - 03Fh, the 
ID locations and the configuration fuses . 

Note that the configuration fuses and the ID bits can still 
be read, even if the code protection logic is active. 

15.2.1 YERIEYING A CODE-PROTECTED PART 

When code protected verifying any program memory 
location will read a scrambled output which looks like 
·ooooooooxxxx· (binary) where Xis 1 or o. To verify a 
device after code protection, follow this procedure: 

a. First, program and verify a good device without code 
protecting it. 

b. Next, blow its code protection fuse and then load its 
contents in a file. 

c. Verify any code-protected PIC16C54A against this 
file. 
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16.0 ELECTRICAL CHARACTERISTICS 

16.1 Absolute Maximum Ratings* 

Ambient temperature under bias ........ -ss·c to +125°C 

Storage Temperature ....................... - 65°C to +150°C 
Voltage on any pin with respect to Vss 
(except Voo and MCLR) ............... -0.6V to Voo +0.6V 
Voltage on Voo with respect to Vss .............. Oto +7.5 V 
Voltage on MCLR with respect to Vss 
(Note 2) ....................................................... Oto +14 V 
Total power Dissipation (Note 1) ..................... 800mW 
Max. Current out of Vss pin ............................. 150mA 
Max. Current into Voo pin .................................. SOmA 
Max. Current into an input pin ......................... ±500µA 
Input clamp current, ltK (V1<0 or V1<Voo) ......... ±20mA 
Output clamp current, IOK (VO<O or VO<Voo) .. ±20mA 
Max. Output Current sinked by any 1/0 pin ........ 25mA 
Max. Output Current sourced by any 1/0 pin .•... 20mA 
Max. Output Current sourced by a single 
110 port (PORT A, B, or C) ................................. 40mA 
Max. Output Current sinked by a single 
110 port (POAT A, B, or C) ................................. 50mA 

TABLE 16.2 • PIN DESCRIPTIONS 

Name Function 

RAO-AA3 110 PORTA 
ABO- AB7 llOPORTB 
RTCC Real Time Clock/Counter 

--
MCLR Master Clear 

OSC1 Oscillator (input) 

OSC2/CLKOUT Oscillator (output) 

Voo Power supply 
Vss Ground 
N/C No (internal) Connection 

"Notice: Stresses above those listed under"Maximum Ratings" 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at those or any 
other conditions above those Indicated in. the operation listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

Notes: 1. Total power dissipation should not exceed 800 
mW for the package. Power dissipation is 
calculated as follows: 

Description 

Pdis= Voox{loo- :E loh}+ :E{(Voo-Voh) x Joh} 
+ :E(Vol x Joi) 

4 input/output lines. 
8 input/output lines. 
Schmitt Trigger Input. 
Clock input to RTCC register. Must be tied to Vss or Voo ii 
not in use to avoid unintended entering of test modes and 
to reduce current consumption. 
Schmitt Trigger Input. 
A 'Low' voltage on this input generates a RESET condition 
for the PIC16C54A microcontroller. 
A rising voltage triggers the on-chip oscillator start-up timer 
which keeps the chip in RESET mode for about 18ms. This 
input must be tied directly, or via a pull-up resistor, to Voo. 
'XT', 'HS' and 'LP" devices: Input terminal for crystal, 
ceramic resonator, or external clock generator. 
'RC' devices : Driver terminal for external RC combination 
to establish oscillation. 
For 'XT', 'HS' and 'LP" devices: Output terminal for crystal 
and ceramic resonator. Do not connect any other load to 
this output. Leave open if external clock generator is used. 
For 'AC' devices : A "CLKOUT' signal with a frequency of 
1/4 Fosc1 is put out on this pin. 
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16.3 DC CHARACTERISTICS: PIC16C54A-04 (COMMERCIAL, INDUSTRIAL) 

DC CHARACTERISTICS, Standard Operating Conditions 
Operating temperature -40'C STA s +125'C for automotive, 

POWER SUPPLY PINS -40'C s TA s +85'C for industrial and 
o·c s TA s +1o·c for c 

Characteristic Sym Min Typ* Max Units 

Supply Voltage 
Voe 3.0 6.25 v 

RAM Data Retention VDR 1.5 v 
Voltage (Note 3) 
Yoo start voltage to VPOR Vss 
guarantee power on reset 
Yoo rise rate to guarantee Svoo 0.05* 
power on reset 
Supply Current (Note 2) 

IDD 

LP option, Commercial 
Fosc = 32 KHz, Voe= 3.0V, WOT disabled 
LP option, Industrial 

µA Fosc = 32 KHz, Voe= 3.0V, WOT disabled 
Power Down Current 
(Note 4) 
WOT enabled 12 µA Voe= 3.0V, Commercial 

14 µA Voe= 3.0V, Industrial 
WOT disabled 9 µA Voe= 3.0V, Commercial 

0.8 12 µA Voe= 3.0V, Industrial 

* These parame ~ b characterization and are not tested. 
Note 1: Data i he c mn labeled 'Typical' is based on characterization results at 25"C. This data is for design 

guidance ly dis not tested for, or guaranteed by Microchip Technology. 
Note 2: The supply c rent is mainly a function of the operating voltage and frequency. Other factors such as bus 

loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on the 
current consumption. 
a) The test conditions for all loo measurements in active operation mode are: 
OSC1 =external square wave, from rail to rail; all 1/0 pins tristated, pulled to Voe, RT= Voe, MCLR =Voe; WOT 
enabled/disabled as specified. 
b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP mode. 

Note 3: This is the limit to which Voe can be lowered in SLEEP mode without losing RAM data. 
Note 4: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 

measured with the part in SLEEP mode, with all 1/0 pins in hi-impedance state and tied to Voe and Vss. 
Note 5: Does not include current through Rext. The current through the resistor can be estimated by the formula 

Ir= Voo/2Rext (mA) with Rext in kOhm. 
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PIC16C54A 

16.4 DC CHARACTERISTICS: PIC16C54A-10 (COMMERCIAL, INDUSTRIAL) 
PIC16C54A-20 (COMMERCIAL, INDUSTRIAL} 

DC CHARACTERISTICS, Standard Operating Conditions 
Operating temperature -40"C s TA s +125"C for automotive, 

POWER SUPPLY PINS -40"C s TA s +ss·c for industrial and 
o·c s TA s +1o·c for c ercial 

Characteristic Sym Min Typ• Max Units 

Supply Voltage 
Voo 3.0 6.25 v 

4.5 5.5 v 
RAM Data Retention VOR 1.5 v 
Voltage (Note 3) 
Yoo start voltage to VPOR Vss 
guarantee power on reset 
Yoo rise rate to guarantee Svoo 0.05* 

ower on reset 
Supply Current (Note 2) 

loo XT and RC options 
Fosc = 4 MHz, Voo = 5.5V 
HS option 
Fosc = 10 MHz , Voo = 5.5V 

mA Fosc = 20 MHz, Voo = 5.5V 
Power Down Current 
(Note 4) 
WOT enabled 12 µA Voo = 3.0V, Commercial 

14 µA Voo = 3.0V, Industrial 
WOT disabled 9 µA Voo = 3.0V, Commercial 

12 µA Voo = 3.0V, Industrial 

Note 1: Data in the column labeled 'Typical' is based on characterization results at 25·c. This data is for design 
guidance only and is not tested for, or guaranteed by Microchip Technology. 

Note 2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus 
loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on the 
current consumption. 
a) The test conditions for all loo measurements in active operation mode are: 
OSC1 =external square wave, from rail to rail; all 1/0 pins tristated, pulled to Voo, RT= Voo, MCLR = Voo; WOT 
enabled/disabled as specified. 
b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP mode. 

Note 3: This is the limit to which Voo can be lowered in SLEEP mode without losing RAM data. 
Note 4: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 

measured with the part in SLEEP mode, with all 1/0 pins in hi-impedance state and tied to Voo and Vss. 
Note 5: Does not include current through Rext. The current through the resistor can be estimated by the formula 

Ir= Voo/2Rext (mA) with Rext in kOhm. 
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16.5 DC CHARACTERISTICS: PIC16LC54A-04 (COMMERCIAL, INDUSTRIAL) 

DC CHARACTERISTICS, 

POWER SUPPLY PINS 

Characteristic 

Supply Voltage 

RAM Data Retention 
Voltage (Note 3) 
Yoo start voltage to 
guarantee power on reset 

Yoo rise rate to guarantee 
power on reset 
Supply Current (Note 2) 

Power Down Current 
(Note 4) 
WOT enabled 

WOT disabled 

* These parame 

Standard Operating Conditions 
Operating temperature -40'C s TA s + 125'C for automotive, 

Sym 

Voo 

VoR 

VPOR 

Svoo 

loo 

-40'C s TA s +85'C for industrial and 
o·c s TA s +70'C for commercial 

Min Typ * Max Units Conditions 

2.5 6.25 v 
4.5 5.5 v 

1.5 v 

Vss v 

0.05* 

d RC options 
1.8 Fosc = 4 MHz, Voo = 5.5V 

HS option 
Fosc = 4 MHz, Voo = 5.5V 
LP option, Commercial 
Fosc = 32 KHz, Voo = 2.5V, WOT disabled 
LP option, Industrial 

µA Fosc = 32 KHz, Voo = 2.5V, WOT disabled 

12 µA Voo = 2.5V, Commercial 
14 µA Voo = 2.5V, Industrial 

0.6 9 µA Voo = 2.5V, Commercial 
0.8 12 µA Voo = 2.5V, Industrial 

characterization and are not tested. 

Note 1: e c umn labeled 'Typical' is based on characterization results at 25'C. This data is for design 
guidance o and is not tested for, or guaranteed by Microchip Technology. 

Note 2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus 
loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on the 
current consumption. 
a) The test conditions for all loo measurements in active operation mode are: 
OSC1 =external square wave, from rail to rail; all 1/0 pins tristated, pulled to Voo, RT= Voo, MCLR = Voo; WOT 
enabled/disabled as specified. 
b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP mode. 

Note 3: This is the limit to which Voo can be lowered in SLEEP mode without losing RAM data. 
Note 4: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 

measured with the part in SLEEP mode, with all VO pins in hi-impedance state and tied to Voo and Vss. 
Note 5: Does not include current through Rext. The current through the resistor can be estimated by the formula 

Ir = Voo/2Rext (mA) with Rext in kOhm. 
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16.6 DC CHARACTERISTICS: PIC16C54A-04 (COMMERCIAL, INDUSTRIAL) 
PIC16LC54A-04 (COMMERCIAL, INDUSTRIAL) 
PIC16C54A-10 (COMMERCIAL, INDUSTRIAL) 
PIC16C54A-20 (COMMERCIAL, INDUSTRIAL) 

DC CHARACTERISTICS, Standard Operating Conditions 

ALL PINS EXCEPT POWER SUPPLY Operating temperature -40'C s; TA s; +85'C for industrial and 
o·c s; TA s; +70'C for commercial 

Characteristic Sym Min Typ Max Units 
{Note 1) 

Input Low Voltage 
1/0 ports VIL Vss 0.2 Yoo 
MCLR (Schmitt trigger) Vss 0.15 Voo 
RTCC (Schmitt trigger) Vss 
OSC1 (Schmitt trigger) Vss 
OSC1 Vss 
Input High Voltage 
1/0 ports VIH 0.2 Voo+1V For all Voo (Note 6) 

2.0 4.0 V < Voo s; 5.5 V (Note 6) 
MCLR (Schmitt trigger) 0.85 Voo 
RTCC (Schmitt trigger) 0.85 Voo v 
OSC1 (Schmitt trigger) 0.85 Voo v RC option only (Note 5) 
OSC1 v XT, HS and LP options 
Input Leakage Current For Yoo s; 5.SV 
(Note 4) 
110 ports Ill +1 µA Vss s; VPIN s; Voo, 

Pin at hi-impedance 
MCLR µA VPIN = Vss + 0.25V (Note 3) 
MCLR +5 µA VPIN = Voo (Note 3) 
RTCC +3 µA Vss s; VPIN s; Voo 
OSC1 0.5 +3 µA Vss s; VPIN s; Voo ' 

XT, HS and LP o lions 
Output Low Voltag 
1/0 Ports 0.6 v IOL = 8. 7 mA, Voo = 4.5V 
OSC2/CLKOU 

)0 
0.6 v IOL = 1.6 mA, Voo = 4.5V 

(RC option o 
Output High tag 
1/0 Ports (Note 4) Voo-0.7 v IOH = -5.4 mA, Voo = 4.5V 
OSC2/CLKOUT Voo-0.7 v IOH = -1.0 mA, Voo = 4.5V 
(RC option only) 

Note 1: Data in the column labeled 'Typical' is based on characterization results at 25 • C. This data is for design guidance 
only and is not tested for, or guaranteed by Microchip Technology. 

Note 2 : Total power dissipation as stated under absolute maximum ratings must not be exceeded. 
Note 3 : The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels 

represent normal operating conditions. Higher leakage current may be measured at different input voltages. 
Note 4 : Negative current is defined as coming out of the pin. 
Note 5 : In RC oscillator mode, the OSC1 pin is a Schmitt trigger input. It is not recommended that the PIC16C54A be 

driven with external clock in RC mode. 
Note 6: The user may use better of the two specifications. 
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16.7 AC CHARACTERISTICS: PIC16C54A-04 (COMMERCIAL, INDUSTRIAL) 
PIC16C54A-10 (COMMERCIAL, INDUSTRIAL) 
PIC16C54A-20 (COMMERCIAL, INDUSTRIAL) 

AC CHARACTERISTICS Standard Operating Conditions 
Operating temperature -40'C s TA s +85'C for industrial and 

Characteristic 

External CLOCKIN 
Frequency (Note 2) 

Oscillator Frequency 
(Note 2) 

Instruction Cycle Time 
(Note 2) 

Watchdog Timer Timeout Period 
(No Prascaler) 
Osclllallon Slarl-u Timar Period 
l/OTlmlng 
1/0 Pin Input Valid Before 
CLKOUTt (RC Mode) 
1/0 Pin Input Hold After 
CLKOUTt (RC Mode) 
1/0 Pin Output Valid After 
CLKOUTJ. (RC Mode) 

Sym 

Fosc 

Fosc 

Tcv 

TRTH 
TRTL 
TRTP 

TWDT 
TOST 

TDS 

TOH 

TPD 

* Guaranteed by characterization, but not tested. 

C 1994 Microchip Technology Inc. 

o·c s TA s +1o·c for commercial 

Min Typ Max Units Conditions 
(Note 1) 

DC 4 
DC 4 
DC 
DC 
DC 
0.1 mode 
4 S mode (Com/Ind) (Note 5) 
DC LP mode 
1.0 RC mode 
1.0 XTmode 
0.2 HS mode (Note 5) 
20 LP mode 

ns 
µs 
ns 

ns 
ns 
ns 

ns 

0.5 Tcv+ 20* ns Note 3 
0.5 Tcv+ 20* ns Note 3 

10* ns Note 3 
10· ns Note 3 

TCY+40 ns Note 3. Where N = prescale 
N value (2,4, ... , 256) 

9* 18* 30* ms Voe= 5.0V 
9* 18* 30* ms Voe= 5.0V 

0.25 TCY+ 30* ns 

o· ns 

40* ns 

(Cont. on next page) 
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PIC16C54A 

16.7 AC CHARACTERISTICS: 
(Cont.) 

PIC16C54A-04 (COMMERCIAL, INDUSTRIAL) 
PIC16C54A-10 (COMMERCIAL, INDUSTRIAL) 
PIC16C54A·20 (COMMERCIAL, INDUSTRIAL) 

AC CHARACTERISTICS Standard Operating Conditions 
Operating temperature -40"C $TA$ +85°C for industrial and 

o·c $TA$ +70°C for commercial 

Characteristic 

1/0 Timing (cont.) 
1/0 pin input valid before OSGi 
(110 setup time) 
OSC1 i to 1/0 pin input invalid 
(1/0 hold time) 
OSC1 i to 1/0 pin output valid 
1/0 pin output rise time 
1/0 pin output fall time 
Capacitive Loading Specs on Output Pins 
OSC2 pin 

All 1/0 pins and OSC2 (in RC mode) 

Sym 

TioV2osH 

TosH2iol 

TosH2ioV 

TioR 

TioF 

Cosc2 

CIO 

Min 

TBD 
TBD 

Typ Max Units 
(Note 1) 

pf 

In XT, HS or LP modes when 
external clock is used to drive 
OSC1 

• Guaranteed by characterization, but not tested. ~ 

Note 1. Data in the column labeled "Typi I' is bas on haracterization results at25"C. This data is for design guidance 
only and is not tested for, or g ara eed tcrochip Technology. 

Note 2. Instruction cycle period (T ) q Is r mes the input oscillator time base period. 
All specified values are s n h rization data for that particularoscillatortype under standard operating 
conditions with the devt exe ode. Exceeding these specified limits may result in an unstable oscillator 

exi::i cted current consumption. All devices are tested to operate at 'min." values 
o the OSC1 pin. 

When an e t t is used, the "Max.• cycle time limit is "DC" (no clock) for all devices. 
Note 3. For a de ti~ e alt n of RTCC input clock requirements see section 4.2.1. 
Note 4. Clock · hi~i e is e duration for which clock input is at VIHOSC or higher. 

Clock-in w-ti e is the duration for which clock input is at VILOSC or lower. 
Note 5. This HS spe 'f lion is only for the -20 device. The -1 O device has a maximum of 1 O MHz and the -04 device 

has a maximum of 4 MHz. 
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16.8 Electrical Structure of Pins 

FIGURE 16.8.1 - ELECTRICAL STRUCTURE 
OF 110 PINS (RA, RB) 

Voo 

VO pin 

Vss 

17.0 TIMING DIAGRAMS 
FIGURE 17.0.1 - RTCC TIMING 

I 

:-TRTH 

RTCC 

I --. 
I 

,_ _____ TRTP 

PIC16C54A 

FIGURE 16.8.2 - ELECTRICAL STRUCTURE 
OF MCLR AND RTCC PINS 

MCLR, 
RTCC 

VSS Vss 

Schmitt trigger 
Input buffer 

Notes to Figures 16.7.1and16.7.2:Thediodesandthegrounded 
gate (or output driver) NMOS device are carefully designed to 
protect against ESD (Electrostatic discharge) and EOS (Electri
cal overstress). Rin is a small resistance to further protect the 
input buffer from ESD. 

:---TRTL I -, 
I I 

FIGURE 17.0.2 - OSCILLATOR START-UP TIMING (PIC16C54ARC) 
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FIGURE 17.0.3 - INPUT/OUTPUT TIMING FOR 1/0 PORTS 
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Notes: 
1. All timings are tested with specified capacitive loads 
2. CLKOUT is available only In RC oscillator mode 
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18.0 DC & AC CHARACTERISTICS GRAPHS/TABLES 

NOT AVAILABLE AT THIS TIME 

• 
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19.0 PACKAGING INFORMATION 

See Section 11 of the Data Book. 

19.1 Package Marking Information 

18L PDIP 

MMMMMMMMMMMMXXX 
0 MMMMMMMMXXXXXXX 

~AABB COE 

Example 

PIC16C54A-o 20I/P 
~9315 CAA 

18LSOIC Example 

MMMMMMMMM 

MMMMMMMMM 

O~AABB CDE 

PIC16C54A-

04I/S0218 

0~9250 CAA 

18LCerdlp Example 

08302078-page 36 

20LSSOP 

xxxxxxxx 
xxxxxxxx 
O~AABB CDE 

Legend: MM ... M 
xx ... x 
AA 
BB 
c 

D 
E 

Example 

D PIC16C54A 
04I/JW 
9307 CAA 

PIC16C54A 

10/SS 

0~9321 CAA 

Microchip part number information 
Customer specific information* 
Year code (last 2 digits of calendar year) 
Week code (week of January 1 is week '01 ') 
Facility code of the plant at which wafer is manufactured. 
C =Chandler, Arizona, U.S.A. 
Mask revision number 
Assembly code of the plant or country of origin in which 
part was assembled. 

Note: In the event the full Microchip part number can not be marked on one 
line, it will be carried over to the next line thus limiting the number 
of available characters for customer specific information. 

•Standard OTP marking consists of Microchip part number, year code, week code, 
facility code, mask rev #, and assembly code. For OTP marking beyond this, 
certain price adders apply. Please check with your Microchip Sales Office. For 
QTP devices, any special marking adders are incuded in QTP price. 
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20.0 DEVELOPMENT SUPPORT 

20.1 Development Tools 

The PIC16C5X and PIC16CXX microcontrollers are 
supported with a full range of hardware and software 
development tools: 

• PICMASTER™ Real-Time In-Circuit Emulator 
• PRO MATE™ Universal Programmer 
• PICSTART™ Low-Cost Prototype Programmer 
• Assembler 
• Software Simulator 

20.2 PICMASTER™: High Performance 
Universal In-Circuit Emulator 

The PICMASTER Universal In-Circuit Emulator is in
tended to provide the product development engineer 
with a complete microcontroller design tool set for all 
microcontrollers in the PIC16C5X, PIC16CXX and 
PIC17CXX families. 

Interchangeable target probes allow the system to be 
easily reconfigured for emulation of different proces
sors. The universal architecture of the PICMASTER 
allows expansion to support all new PIC16C5X, 
PIC16CXX and PIC17CXX microcontrollers. 

The Emulator System is designed to operate on PC 
compatible machines ranging from 80286-AT9 class 
ISA-bus systems through the new 80486 EISA-bus 
machines. The development software runs in the 
Microsoft Windowsd' 3.1 environment, allowing the op
erator access to a wide range of supporting software and 
accessories. 

The PICMASTER has been designed as a real-time 
emulation system with advanced features generally 
found on more expensive development tools. The AT 
platform and Windows 3.1 environment was chosen to 
best make these features available to you, the end user. 

PIC16C54A 

The PICMASTER Emulator Universal System consists 
primarily of four major components: 

• Host-Interface Card 

• Emulator Control Pod 
• Target-Specific Emulator Probe 
• PC Host Emulation Control Software 

The Windows 3.1 System is a multitasking operating 
system which will allow the developer to take full advan
tage of the many powerful features and functions of the 
PICMASTER system. 

PICMASTER emulation can operate in one window, 
while a text editor is running in a second window. 

Dynamic Data Exchange (ODE), a feature of Windows 
3.1, will be available in this and future versions of the 
software. DOE allows data to be dynamically transferred 
between two or more Windows programs. With this 
feature, data collected with PICMASTER can be auto
matically transferred to a spreadsheet or database pro
gram for further analysis. 

Under Windows 3.1, two or more PICMASTER emula
tors can run simultaneously on the same PC making 
development of multi-microcontroller systems possible 
(e.g., a system containing a PIC16CXX processor and a 
PIC17CXX processor). 

20.3 PRO MATE™: Universal Programmer 

The PRO MATE Universal Programmer is a production 
quality programmer capable of operating in stand alone 
mode as well as PC-hosted mode. 

The PRO MATE has programmable Voo and VPP sup
plies which allows it to verify programmed memory at 
Voo min and Voo max for maximum reliability • It has an 
LCD display for displaying error messages, keys to enter 
commands and a modular detachable socket assembly 
to support various package types. In stand alone mode 
the PRO MATE can read, verify or program PIC16C5X, 
PIC16CXX and PIC17CXX devices. It can also set fuse 
configuration and code-protect in this mode. Its EE PROM 
memory holds data and parametric information even 
when powered down. It is ideal for low to moderate 
volume production. 

FIGURE 20.2 - PICMASTER SYSTEM CONFIGURATION 

Common Interface Card 
PC Compatible Computer 

(AT/ISA Bus) (for Industry Standard Architecture) 
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In PC-hosted mode, the PRO MATE connects to the PC 
via one of the COM (RS232) ports. A PC based user
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and menu
based. Full screen display and editing of data, easy 
selection off use configuration and part type, easy selec
tion of Voo min, Voo max and VPP levels, load and store 
to and from disk files (intel hex format) are some of the 
features of the software. Essential commands such as 
read, verily, program, blank check can be issued from 
the screen. Additionally, serial programming support is 
possible where each part is programmed with a different 
serial number, sequential or random. 

The PRO MATE has a modular "programming socket 
module". Different socket modules are required for 
different processor types and/or package types. 
PRO MATE supports all PIC16C5X, PIC16CXX and 
PIC17CXX processors. 

20.4 PICSTARTTM Programmer 

The PICSTAfffTM programmer is an easy to use, very 
low-cost prototype programmer. It connects to the PC 
via one of the COM (RS232) ports. A PC based user 
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and menu
based. 

20.5 Assembler (MPASM) 
Cross Assembler is a PC hosted symbolic assembler. It 
supports all microcontroller series including the 
PIC 16C5X CMOS, PIC16CXX and PIC 17CXX families. 

MPASM offers fully featured Macro capabilities, condi
tional assembly, and several source and listing formats. 
It generates various object code formats to support 
Microchip's development tools as well as third party 
programmers. 

MPASM allows full symbolic debugging from the Micro
chip Universal Emulator System (PICMASTER). 

MPASM has the following features to assist in develop
ing software for specific use applications. 

• Provides translation of Assembler source code to 
object code for all Microchip microcontrollers. 

• Macro Assembly Capability 

• Provides Object, Listing, Symbol and special files 
required for debugging with one of the Microchip 
Emulator systems. 

• Supports Hex (default), Decimal and Octal source 
and listing formats. 

MPASM provides a full feature directive language repre
sented by four basic classes of directives: 

• Data Directives are those that control the allocation 
of memory and provide a way to refer to data items 
symbolically, by meaningful names. 

• Listing Directives control the MPASM listing dis 
play. They allow the specification of titles and sub
titles, page ejects and other listing control. 

• Control Directives permit sections of conditionally 
assembled code. 

• Macro Directives control the execution and data 
allocation within macro body definitions. 

20.6 Software Simulator (MPSIM) 

The Software Simulator allows code development in a 
PC host environment. It allows the user to simulate the 
PIC16C5X and PIC16CXX series microcontrollers on 
an instruction level. On any given instruction, the user 
may examine or modify any of the data areas or provide 
external stimulus to any of the pins. The input/output 
radix can be set by the user and the execution can be 
performed in single step, execute until break or in a trace 
mode. Two forms of symbolic debugging are available: 
an internal symbol table for disassembling opcodes and 
the displaying of source code from a listing file. The 
Software Simulator offers the low cost flexibility to de
velop and debug code outside of the laboratory environ
ment making it an excellent multi-project software devel
opment tool. 

20.7 Development Systems 

For convenience, the development tools are packaged 
into comprehensive systems as listed in Table 20-1: 

TABLE 20-1: DEVELOPMENT SYSTEM 
PACKAGES 

Item Name System Description 

1. PICMASTER™ PICMASTER In-Circuit Emulator 
System with your choice of Target Probe, 

PRO MATE Programmer, 
Assembler, Software Simulator and 
Samples. 

2. PICSTAR"f'M PICSTART™ Low-Cost Prototype 
System Programmer, Assembler, Software 

Simulator and Samples 

20.8 Probe Specifications 

The PICMASTER probes currently meet the following 
specifications: 

PROBE 
PICMASTER Devices Maximum Operating 

PROBE Supported Frequency Voltage 

PROBE-16A PIC16C54, 4MHZ 4.5V-5.5V 
PIC16C55, 
PIC16C56, 
and PIC16C57 

PROBE-160 PIC16C54, 20MHz 4.5V-5.5V 
PIC16C55, 
PIC16C56, 
PIC16C57, 
and PIC16C58 
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Index 
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Real Time Clock/Counter (RTCC) ............. 8, 9, 15, 16 
RESET .................................................................... 15 
SLEEP ..................................................................... 22 
Stack ......................................................................... 9 
Status register ......................................................... 1 O 
Timing diagrams 

110 pin ........................................................ 13, 31 
Oscillator Start-up timing .................................. 30 
Power-On Reset ........................................ 21, 22 
RTCC timing ............................................ 8, 9, 30 

TObit ...................................................................... 11 
TRIS registers ......................................................... 14 
UV Erasable devices ................................................. 5 
W register ................................................................ 14 
WDT ........................................................................ 18 
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CONNECTING TO MICROCHIP BBS 

Connect world wide to the Microchip BBS using the 
Compuserve communications network. In most cases a 
local call is your only expense. The Microchip BBS 
connection does not use CompuServe membership 
services, therefore you do not need CompuServe 
membership to join Microchip's BBS. 

The procedure to connect will vary slightly from country 
to country. Please check with your local CompuServe 
agent for details if you have a problem. CompuServe 
services allows multiple users at baud rates up to 9600. 

To connect: 

1. Set your modem to 8-bit, No parity, and One stop 
(8N1). This is not the normal CompuServe setting 
which is 7E1. 

2. Dial your local CompuServe phone number. 

3. Depress <ENTER> and a garbage string will appear 
because CompuServe is expecting a 7E1 setting. 

4. Type+ <ENTER> and Host Name: will appear. 

5. Type MCHIPBBS<ENTER> and you will be con
nected to the Microchip BBS. 

In the United States, to find CompuServe's phone num
ber closest to you, set your modem to 7E1 and dial (800) 
848-4480for 300-2400 baud or (800) 331-7166 for9600 
baud connection. After the system responds with Host 
Name:, type 

NETWORK<ENTER> and follow CompuServe's direc
tions. 

For voice information (or calling from overseas), you 
may call (614) 457-1550 for your local CompuServe 
number. 

Trademarks: 

PIC is a registered trademark of Microchip Technology 
Incorporated in the U.S.A 

The Microchip logo and name are trademarks of Microchip 
Technology Incorporated. 

PICMASTER, PRO MATE and PICSTART are trademarks of 
Microchip Technology Incorporated. 

IBM PC and AT are registered trademarks of IBM Corpora
tion. 

MS DOS and Microsoft Windows are registered trademarks 
of Microsoft Corporation. 

CompuServe is a registered trademark of CompuServe Inc. 

All other trademarks mentioned herein are the property of 
their respective companies. 
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NOTES: 

• 
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PIC16C54A PRODUCT IDENTIFICATION SYSTEM 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 

PART NO. -XX x /XX xxx ·-.- -q- 3-Digit Pattern Code for OTP (blank for OTP and Windowed Parts) 

Package: p = PDIP 
so= SOIC (Gull Wing, 300 mil body) 

SS = SSOP (209 mil) 

1 Temperature - = o·c to +70"C (T for tape/reel) Examples: 

Range: I = -40"C to +85"C (S for tape/reel) a) PIC16C54A - 04/P301 = 

E = -40·c to +125"C Commercial temp., PDIP package, 
4 MHz, standard VDD limits, 1 Frequency 04 = 4MHz OTP pattern # 301 
b) PIC16LC54A-04I/SO= 

Range: 10 = 10MHz Industrial temp., SOIC package, 
20 = 20MHz 4 MHz, extended VDD limits 

_J c) PIC16C54A- 201 IP l Device: PIC16C54A : Standard VDD range Industrial temp., PDIP package, 
PIC16LC54A : Extended V DD range 2D MHz, standard VDD limits 

Sales and Support 

Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and 
recommended workarounds. To determine ff an errata sheet exists for a particular device, please contact one of the following: 

1. Your local Microchip sales office (see below) 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip's Bulletin Board, via your local Compuserve number. 

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using. 

For latest version information and upgrade kits for Microchip Development Tools, please call 1·800-755·2345or1-602-786-7302. 
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MICROCHIP PIC16C58A 
EPROM-Based 8-Bit CMOS Microcontroller 

FEATURES 

Compatibility 
• Pin and software compatible with PIC16C54, 

PIC16CR54, PIC16C54A and PIC16C56 devices 

High-Performance RISC-like CPU 
• Only 33 single word instructions to learn 
• All single cycle instructions (200 ns) except for pro

gram branches which are two-cycle 
• Operating speed: DC - 20 MHz clock input 

DC - 200ns instruction cycle 
• 12-bit wide instructions 
• 8-bit wide data path 
• 2K x 12 on-chip EPROM program memory 
• 72 x 8 general purpose registers (SAAM) 
• Eight special function hardware registers 
• Two-level deep hardware stack 
• Direct, indirect and relative addressing modes for data 

and instructions 

Peripheral Features 
• 12 1/0 pins with individual direction control 
• 8-bit real time clock/counter (RTCC) with 8-bit pro-

grammable prescaler 
• Power-on Reset 
• Oscillator Start-up Timer 
• Watchdog Timer (WOT) with its own on-chip RC 

oscillator for reliable operation 
• Security EPROM fuse for code-protection 
• Power saving SLEEP mode 
• EPROM fuse selectable oscillator options: 

- Low-cost RC oscillator: RC 
- Standard crystal/resonator: XT 
- High-speed crystal/resonator: HS 
- Power saving, low frequency crystal: LP 

CMOS Technology 
• Low-power, high-speed CMOS EPROM technology 
• Fully static design 
• Wide-operating voltage range for Commercial and 

Industrial (2.SV to 6.25V) 
• Low-power consumption 

- < 2mA typical @ SV, 4 MHz 
- 15µA typical @ 3V, 32 KHz 
- < 3µA typical standby current (with WOT disabled) 

@ 3V, o·c to 1o·c 

FIGURE A - PIN CONFIGURATIONS 

---- RA2 
---- RA3 

--RTCC 
--MCLR 
---...vss 

----ABO 
----RB1 
----RB2 
----RB3 

---- RA2 
---- RA3 
-RTCC 
-MCLR 

-- Vss 
-- Vss 

....._ABO 

---- RB1 
---- RB2 
---- RB3 

PDIP,SOIC 

SSOP 

RA1 ---
RAO---
OSC1/CLKIN..._ 
OSC2/CLKOUT --.. 
Voe._ 
RB7---
RB6---
RB5---
RB4----

RA1---
RAO---
OSC1/CLKIN..._ 
OSC2/CLKOUT -
Voo ..._ 
Voo.,_ 
RB7....._ 

RBS ----
RBS ----
RB4 ----
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1.0 GENERAL DESCRIPTION 

The PIC16C58A from Microchip Technology is a new 
member of the family of low-cost, high-performance, 
fully static, EPROM-based 8-bit CMOS microcontrollers. 
This device is pin and software compatible with the 
PIC16C54, PIC16CR54, PIC16C54A and PIC16C56 
devices. It employs a RISC-like architecture with only 33 
single word/single cycle instructions to learn. All instruc
tions are single cycle (200ns) except for program 
branches which take two cycles. The PIC16C58A deliv
ers performance an order of magnitude higher than its 
competitors in similar price category. The 12-bit wide 
instructions are highly symmetrical resulting in 2: 1 code 
compression over other 8-bit microcontrollers in its 
class. The easy to use and easy to remember instruction 
set reduces development time significantly. 

PIC16C58A 

The PIC16C58A is equipped with special microcontroller
like features that reduce system cost and power require
ments. The power on reset and oscillator start up timer 
eliminate the need for external reset circuitry. There are 
four user selectable oscillator configurations to choose 
from, including power saving LP (Low Power) oscillator 
and cost saving RC oscillator. Power saving SLEEP 
mode, watchdog timer and code protection features 
improve system cost, power and reliablity. 

The PIC16C58A is supported by an assembler, a soft
ware simulator, an in-circuit emulator and a production 
quality programmer. All the tools are supported by IBM"' 
PC and compatible machines. 

TABLE 1.1 - OVERVIEW OF PIC16C5X AND PIC16C5XA DEVICES 

Device Memory User RAM 1/0 Package Options 
Program (Bytes) 

(12-bit Words) 

PIC16C54 512 (OTP) 25 12 18-lead windowed CERDIP, 18-lead PDIP (300 mil), 
PIC16C54At 18-lead SOIC (300 mil), 20-lead SSOP 
PIC16CR54 512 ROM 
PIC16C55 512(0TP) 24 21 28-lead windowed CERDIP, 28-lead PDIP (300 and 600 tnil), 

28-lead SOIC 300 mil , 28-lead SSOP 
PIC16C56 1024(0TP) 25 12 18-lead windowed CERDIP, 18-lead PDIP (300 mil), 

18-lead SOIC 300 mil 20-lead SSOP 
72 21 28-lead windowed CERDIP, 28-lead PDIP (300 and 600 mil), 

28-lead SOIC 300 m 28-lead SSOP 

'These devices have a lower voltage operation. 
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PIC16C58A 

1.1 Applications 

The PIC16C58A device fits perfectly in applications 
ranging from high speed automotive and appliance 
motor control to battery powered remote transmitters/ 
receivers, low-power pointing devices and telecom pro
cessors. The small footprint packages for through-hole 
or surface mounting make this microcontroller perfect 

for all applications with space limitations. Low-cost, low
power, high-perfonnance, ease of use and 1/0 flexibility 
make the PIC16C58A very versatile even in areas 
where no microcontroller use has been considered 
before (e.g. timer functions, replacement of "glue• logic 
in larger systems, co-processor applications). 

TABLE 1.0.2 - CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS 
AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES) 

osc C-04 

RC Voo: 3.0V to 6.25V 
ldd: 3.3mA Max. at 5.5V 
lpd: 9uA Max. at 3V WOT dis 
F .: 4MHz Max. 

XT Voo: 3.0V to 6.25V 
ldd: 3.3mA Max. at 5.5V 
lpd: 9uA Max. at 3V WOT dis 
Fre .: 4MHz Max. 

Voo: 4.5V to 5.5V 
ldd: 20mA Max. at 5.5Vtyp at 5.5V Do not use in HS mode 
lpd: 0.6uA typ. at 4.5V WOT dis 
Fre .: 20 MHz Max. 

Voo: 2.5 to 6.25V 
Do not use in LP mode ldd: 32uA Max. at 32KHz, 3.0V 

lpd: 9uA Max. at 3.0V WOT dis 
Freq.: 200KHz Max. 

The shaded sections indicate oscillator selections which are tested for functionality, but not for MINIMAX specifications. 
It is recommended that the user selects the device type that guarantees the specifications required. 
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2.0 ARCHITECTURAL DESCRIPTION 

2.1 Harvard Architecture 

The PIC16C58A single-chip microcomputer is a low
power, high-speed, fully static CMOS device containing 
EPROM, RAM, 1/0 and a Central Processing Unit on a 
single chip. 

The architecture is based on a register file concept with 
separate bus and memories for data and instructions 
(Harvard architecture). The data bus and memory (RAM) 
are 8-bits wide while the program bus and program 
memory (EPROM) have a width of 12-bits. This concept 
allows a simple yet powerful instruction set designed to 
emphasize bit, byte and register operations under high 
speed with overlapping instruction fetch and execution 
cycles. This means that, while one instruction is ex
ecuted, the following instruction is already being read 
from the program memory. A block diagram of the 
PIC16C58A is given in Figure 2.1. 

FIGURE 2.1 -PIC16C58A BLOCK DIAGRAM 
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TABLE 2.1 - PIN FUNCTIONS 

RTCC 
PIN 

Name Function 

RAO- RA3 1/0 PORTA 
ABO- RB7 1/0 PORTB 
RTCC Real Time Clock/Counter 
MCLR Master Clear 
OSC1/CLKIN Oscillator (input) 
OSC2/CLKOUT Oscillator (output) 
VDD Power supply 
Vss Ground 

CONFIGURATION EPROM OSC1 OSC2 MCLR 
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"CODE 
PROTECT" 
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SELECT" 

OSCILLATOR/ 
TIMING& 
CONTROL 

WDT/RTCC 
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PIC16C58A 

2.2 Clocking Scheme/Instruction Cycle 

The clock input (from pin OSC1/CLKIN) is internally 
divided by four to generate four non-overlapping quadra
ture clocks namely 01, 02, 03 and 04. Internally, the 
PC is incremented every 01, an instruction is fetched 
from program memory and latched into instruction reg
ister in 04. It is decoded and executed during the 
following 01 through 04. The clocks and instruction 
execution flow are shown in Figure 2.2. 

2.3 Data Register File 

The 8-bit data bus connects two basic functional ele
ments together: the Register File composed of 80 ad
dressable 8-bit registers including the 1/0 Ports and an 
8-bit wide Arithmetic Logic Unit. The first 32 bytes of the 
register file is directly addressable. A 'banking' scheme, 
with banks of 16 bytes each, is employed to address 80 
byte data memory (Figure 4.2). Data can be addressed 
directly or indirectly using the file select register. Imme
diate data addressing is supported by special 'literal" 
instructions which load data from program memory into 
the W register. 

The register file is divided into two functional groups: 
operational registers and general purpose registers. 
The operational registers include the Real Time Clock 
Counter (RTCC) register, the Program Counter (PC), 
the Status Register, the 1/0 registers (PORTs), and the 
File Select Register. The general purpose registers are 
used for data and control information under command of 
the instructions. 

In addition, special purpose registers are used to control 
the 1/0 port configuration, and the prescaler options. 

FIGURE 2.2 • CLOCKSnNSTRUCTION CYCLE 

2.4 Arithmetic/Logic Unit CALU) 

The 8-bit wide ALU contains one temporary working 
register (W Register). It performs arithmetic and Bool
ean functions between data held in the W Register and 
any file register. It also does single operand operations 
on either the W register or any file register. 

2.5 Program Memory 

2048 words of 12-bit wide on-chip program memory 
(EPROM) are available. The memory can be directly 
addressed in pages of 512 words. 

Sequencing of microinstructions is controlled via the 
Program Counter (PC) which automatically increments 
to execute in-line programs. Program control operations 
supporting direct, indirect and relative addressing modes 
can be performed by Bit Test and Skip instructions, Call 
instructions and Jump instructions or by loading com
puted addresses into the PC. In addition, an on-chip two
level stack is employed to provide easy to use subrou
tine nesting. 

011Cl21Cl3104 011Cl21Cl3104 01 I Cl2 I Cl3 I 04 
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''--~~~~~~~ ' 
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DS30225B-page 6 lPIT'®~ o ITiTil o D1l@IT'W © 1994 Microchip Technology Inc. 

2-142 



3.0 PIC16C58A SERIES OVERVIEW 

A wide variety of oscillator types, frequency ranges and 
packaging options are available. Depending on applica
tion and production requirements, the proper device 
option can be selected using the information and tables 
in this section. When placing orders, please use the 
•p1c16C58A Product Identification System" on the back 
page of this data sheet to specify the correct part 
number. 

3.1 UV Erasable Devices 

These devices are optimal for prototype development 
and pilot series. The desired oscillator configuration is 
EPROM programmable as "Re•, ·xT', 'HS' or •LP". An 
erased device is configured as 'RC" type by default. 
Depending on the selected oscillator type and frequency, 
the operating supply voltage must be within the same 
range as a OTP/OTP part would be specified for. 

The available PIC16C5X development tools 
(PICSTART™ and PRO MATE™) can program all 
PIC16C5X devices for prototyping. PRO MATE is 
recommended for production programming. 

© 1994 Microchip Technology Inc. 
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3.2 One-Time-Programmable (OTP) Devices 

The availability of OTP devices is especially useful for 
customers expecting frequent code changes and up
dates. 

The program EPROM is erased allowing the user to 
write the application code into it. In addition, the watch
dog timer can be disabled and/or the code protection 
logic can be activated by programming special EPROM 
fuses. The sixteen special EPROM bits for an identifica
tion (ID) code storage are also user programmable. 

3.3 Quick-Turnaround-Production (QTP) • 
Devices 

Microchip offers a OTP Programming Service for factory 
production orders. This service is made available for 
users who chose not to program a medium-to-high 
quantity of units and whose code patterns have stabi
lized. The devices are identical to the OTP devices but 
with all EPROM locations and fuse options already 
programmed by the factory. Certain code and prototype 
verification procedures do apply before production ship
ments are available. Please contact your Microchip 
Technology sales office for more details. 
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4.0 OPERATIONAL REGISTER FILES 

4.1 Indirect Pata Addressing fil!l2El 
This is not a physically implemented register. Address
ing INDF calls for the contents of the File Select Register 
to be used to select a file register. The INDF register is 
useful as an indirect address pointer. For example, in the 
instruction ADDWF I.NDF, w will add the contents of the 
register pointed to by the FSA to the content of the W 
Register and place the result in W. 

If INDF itself is read through indirect addressing (i.e. 
FSA = Oh), then OOh is read. If the INDF register is 
written to via indirect addressing, the result will be a no 
operation (NOP). 

4.2 Real Time Clock/Counter Register 
(RTCC) 

This register can be loaded and read by the program as 
any other register. In addition, its contents can be 
incremented by an extemal signal edge applied to the 
RTCC pin or ·by the internal instruction cycle clock 
(CLKOUT=fosc/4). Figure 4.1 is a simplified block 
diagram of the RTCC module. 

An 8-bit. prescaler can be assigned to the RTCC by 
writing the proper values to the PSA bit and the PS bits 
in the OPTION register. The OPTION register is a 
special register (not mapped in data memory) address
able using the 'OPTION' instruction. See section 7.5 for 
details. If the prescaler is assigned to the RTCC, 
instructions writing to the RTCC register(e.g.cLRF RTCC, 
or BSF RTCC, 5, ... etc.) clear the prescaler. 

The bit "ATS" (RTCC signal Source) in the OPTION 
register determines if the RTCC register is incremented 
intemally or extemally. 

RT5=1: The clock source for the RTCC or the pres
caler, if assigned to it, is the signal on the RTCC 
pin. Bit 4 of the OPTION register (RTE) deter
mines if an increment occurs on the falling 
(RTE=1) or rising (RTE=O) edge of the signal 
presented to the RTCC pin. 

RTS=O: The RTCC register or Its prescaler, respec
tively, will be incremented with the intemal 
instruction clock (= Fosc/4). The "RTE" bit in 
the OPTION register and the RTCC pin are 
'don't care' in this case. However, the RTCC 
pin must not be left floating (tie to Voo or Vss). 
This prevents unintended operation and to 
reduce the current consumption in low-power 
applications. 

As long as clocks are applied to the RTCC (from internal 
or external source, with or without prescaler), the RTCC 
register keeps incrementing and just rolls over when the 
value 'FFh' is reached. All increment pulses for the 
RTCC register are delayed by two instruction cycles. 
Alter writing to the RTCC register, for example, no 

increment takes place for the followihg two instruction 
cycles. This is independent if intemal or extemal clock 
source is selected. If a prescaler is assigned to the 
RTCC, the ou1put of the prescaler will be delayed by two 
cycles before the RTCC register is incremented. This is 
true for instructions that either write to or read-modify
write RTCC (e.g. MOVF RTCC. CLRF RTCC). For 
applications where RTCC needs to be tested for zero 
without affecting its count, use of the MOVF RTCC, w 
instruction is recommended. Timing diagrams in Figure 4.3 
show RTCC read, write and increment timing. 

4.2.1 USING RTcc WITH EXTERNAL CLOCK 

When external clock input is used for RTCC, it is syn
chronized with the intemal phase clocks. Therefore, the 
external clock input must meet certain requirements. 
Also there is some delay from the occurance of the 
external clock edge to the actual incrementing of RTCC. 
Referring to Figure 4.1, the synchronization is done alter 
the prescaler. The ou1put of the prescaler is sampled 
twice in every instruction cycle to detect rising or falling 
edges. Therefore, it is necessary for PSOUT to be high 
for at least 2 tosc and low for at least 2 tosc where: 

tosc = oscillator time period. 

When no prescaler is used, PSOUT (Prescaler output, 
see Figure 4.1) is the same as RTCC clock input and, 
therefore, the requirements are: 

TRTH RTCC high time ~ 2 tosc + 20 ns 

TRTL RTCC low time ~ 2 tosc + 20 ns 

When presqaler is used, the RTCC input is divided by the 
asynchronous ripple counter-type prescaler so the 
prescaler ou1put is symmetrical. 

Then: PSOUT high time= PSOUT low time=~ 

where TRT = RTCC input period and N = prescale value 

(2, 4, .... , 256). The requirement is, therefore, N • JRT 

~ 2 tosc + 20 ns, or TRr.::4 tosc + 40 ns. 
N 

The user will notice that no requirement on RTCC high 
time or low time is specified. However, if the high time 
or low time on RTCC is too small, then the pulse may not 
be detected. Hence, a minimum high or low time of 10 
ns is required. In summary, the RTCC input require
ments are: 

TRT RTCC period~ (4 tosc + 40 ns)/N 

TRTH RTCC high time:!: 10 ns 

TRTL RTCC low time ~ 10 ns 

Delay from external clock edge: Since the prescaler 
output is synchronized with the internal clocks, there is 
a small delay from the time the external clock edge 
occurs to the time the RTCC is actually incremented. 
This delay is between 3 tosc and 7 tosc (see Figure 4.4). 
Thus, for example, measuring the Interval between two 
edges (e.g. period) will be accurate within ±4 tosc (±200 
ns@ 20 MHz). 
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FIGURE 4.1 - RTCC BLOCK DIAGRAM (SIMPLIFIED) 
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Notes: 1. B~s. RTE, ATS, PS2, PS1. PSO are located in option register. 
2. The prescaler is shared with Watchdog Timer (see Figure 9.1 ). 

FIGURE 4.2- PIC16C58A DATA MEMORY MAP 
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FIGURE 4.3A • RTCC TIMING: INT CLOCK/NO PRESCALE 
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FIGURE 4.38 • RTCC TIMING: INT CLOCK/PRESCALE 1:2 
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FIGURE 4.4 • RTCC TIMING WITH EXTERNAL CLOCK 
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1. Delay from clock Input change to RTCC increment is 3 lose to 7 tosc. (Duration of Q =lose). 
Therefore, the error in measuring the Interval between two edges on RTCC Input = ± 4 tosc max. 

2. External clock H no prescaler selected, Prescaler output otherwise. 
3. The arrows indicate the points In time where sampling occurs. 
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4.3 Program Counter 

The program counter generates the addresses for on
chip EPROM containing the program instruction words 
(Figure 4.5). 

The program counter is set to all '1 's upon a RESET 
condition. During program execution, ii is auto 
incremented with each instruction unless the result of 
that instruction changes the PC itself: 

a) GOTO instructions allow the direct loading of the 
lower nine program counter bits (PC <8:0>). The 
upper two bits of PC (PC<10:9>) are loaded with 
page select bits PA 1, PAO (bits 6,5 status register). 
Thus GOTO permits jumping to any location on any 
page. 

b) CALL instructions load the lower 8-bits of the PC 
directly while the 9-bits is cleared to "O". The PC value, 
incremented by one, will be pushed into the stack. 
The upper two bits of PC (PC<10:9>) are loaded with 
Page Select bits PA1, PAO (STATUS <6:5>). 

c) RETLW instructions load the program counter with 
the top of stack contents. 

d) If the PC is the destination in any instruction (e.g. 
MOVWF PC' ADDWF PC' or BSF PC' 5), then the 
computed 8-bit result will be loaded into the low 
8-bits of program counter. The ninth bit of PC will be 
cleared. PC<10:9> will be loaded with Page Select 
bits PA1, PAO (STATUS <6:5>). 

It should be noted that because bit 8 (ninth bit) of PC is 
cleared in CALL instruction or any instruction which 
writes to the PC (e.g. MOVWF PC), all subroutine calls or 
computed jumps are limited to the first 256 locations of 
any program memory page (512 words long). 

Incrementing the program counter when ii is pointing to 
the last address of a selected memory page is also 
possible and will cause the program to continue in the 
next higher page. However, the page pre-select bits in 
the STATUS register will not be changed and the next 
GOTO, CALL, ADDWF PC,MOVWF PCinstructionwillreturn 
to the previous page unless the page pre-select bits 
have been updated under program control. For ex
ample, a NOP at location "1 FF" (page 0) increments the 
PC to "200" (page 1 ). A "GOTO xxx" at"200" will return the 
program to address "xxx" on page "O" (assuming that the 
page preselect bits in The STATUS register are "O"). 

Upon a RESET condition, page O is pre-selected while 
the program counter addresses the last location in the 
last page. Thus, a GOTO instruction at this location will 
automatically cause the program to continue in page 0. 

PIC16C58A 

4.4 Stack 

The PIC16C58A employs a two-level hardware push/ 
pop stack (Figure 4.5). 

The CALL instruction pushes the current program 
counter value, incremented by "1 ", into stack level 1. 
Stack level 1 is automatically pushed to level 2. If more 
than 2 subsequent "CALL"s are executed, only the most 
recent two return addresses are stored. 

The page preselect bits of the ST A TUS register will be 
loaded into the most significant bits of the program 
counter. The ninth bit is always cleared to "O" upon a 
CALL instruction. This means that subroutine entry ad
dresses have to be located always within the lower half 
of a memory page (addresses 000-0FF, 200-2FF, 400-4FF, 
600-6FF). However, as the stack has the same width as 
the PC, subroutines can be called from anywhere in the 
program. 

The RETLW instruction loads the contents of the stack 
level 1 into the program counter while stack level 2 gets 
copied into level 1. If more than 2 subsequent "RETLw"s 
are executed, the stack will be filled with the address 
previously stored in level 2. The return will be always to 
the page from where the subroutine was called, regard
less of the current setting of the page pre-select bits in 
the STATUS register. Note that the W register will be 
loaded with the literal value specified in the RETLW 
instruction. This is particularly useful for the implemen
tation of "data" tables within the program memory. 

4.5 Status Word Register 

This register contains the arithmetic status of the ALU, 
the RESET status and page preselect bits for program 
memory. 

The STATUS register can be destination for any instruc
tion like any other register. However, the status bits are 
set after the write. Furthermore, TO and PD bits are not 
writable. Therefore, the result of an instruction with 
status register as destination may be different than 
intended. For exal!!Q!.e, CLRF STATUS will clear all bits 
except for TO and PD and then set the Z bit and leave 
status register as OOOUU100 (where U =unchanged). 

It is recommended, therefore, that only BCF, BSF and 
MOVWF instructions are used to alter the status registers 
because these instructions do not affect any status bit. 

For other instructions, affecting any status bits, see 
section 'Instruction Set Summary' (Table 10.1). 
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4.5.1 CARRY/BORROW AND DIGIT CARRY/ 
BORROW BITS: 

The carry bit (C) is a carry out in addition operation 
(ADDWF) and a borrow out in subtract operation (SUBWF). 

It is also affected by RRF and RLF instructions. The 
following examples explain carry/borrow bit operation: 

;SUBWF Example #1 

clrf Oxlf 
rnovlw 1 
subwf Oxlf 

;f (lfh)=O 
;wreg=l 
;f (lfh) =f(lfh)- wreg 
;=0-l=FFh 
;Carry=O: Result is 

negative 

;SUBWF Example #2 
rnovlw OxFF 

;f (OxlF)=FFh 
;wreg=O 

rnovwf OxlF 
clrw 
subwf OxlF ; f (OxlF) =f (OxlF)- wreg 

;=FFh-O=FFh 
;Carry=l:Result is 

positive 

The digit carry operates in the same way as the carry bit, 
i.e. it is a borrow in a subtract operation. 

FIGURE 4.5 - PROGRAM MEMORY 
ORGANIZATION 

GOTO, CALL, INST WITH PC AS 
DESTINATION· FROM STATIJS <6> 

GOTO, CALL, INST WITH PC AS 
DESTINATION - FROM STATIJS <5> 

GOTO· DIRECT FROM 
INSTRUCTION WORD 
CALL, INST WITH PC AS 
DESTINATION - ALWAYS "O" 

PC 

~ ~.~·""""-INSTRUCTION WORD 
INST WITH PC AS 
DESTINATION - FROM ALU 

RETLW, l J 
l A10 

l l CALL STACK LEVEL 1 
A9 A8 A<7:0> 

11 BIT 1 STACK LEVEL 2 J 
,Vi ,f's v2 

000 

OFF 
00 

!--+! PAGEO --1 
100 

1FF 

200 

2FF 
01 

1-- PAGE1 -300 

3FF 

400 

4FF 
10 

f-- PAGE2 -500 

5FF 

600 

11 
6FF 

L..+ PAGE3 -
700 

7FF 
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FIGURE 4.6 - STATUS WORD REGISTER 

RESET CONDmON: 

[ PA2 I PA1 PAO I 10 JA:>J zJc:cJc] 
PA2,PA1, PAOclearedto'O'. 
TO, PD are set or reset as shown in Table 4.1 
Z, DC, C are unknown on power on reset and 
unchanged in any other reset. ,__/ 

© 1994 Microchip Technology Inc. 

ri 

L____. 

to 

CARRY/BORROW BIT: 
For ADDWF and SUBWF instructions, this bit is set if there is a 
carry out from the most signHicant bit of the resultant. 
Note that a subtraction is executed by adding the two's 
complement of the second operand. For rotate (RAF, ALF) 
instructions, this bit is loaded with either the high or low order bit 
of the source register. 

DIGIT CARRY/BORROW BIT: 
For ADDWF and SUBWF instructions, this bit is set if there is a 
carry out from the fourth low order bit of the resultant. 

ZERO BIT: 
Set if the result of an arithmetic or logic operation is zero. 

POWER DOWN BIT: 
Set to '1' during power up or by a CLRWDT command. This bit 
is reset to 'O" by a SLEEP instruction. 

TIME-OUT BIT: 
Set to '1' during power-up and by the CLRWDT and SLEEP 
command. This bit is reset to 'O' by a Watchdog Timer time out. 

PAGE PRESELECTS BITS: 
00 Page 0 (000 - 1 FF) 
01 Page 1 (200 - 3FF) 
10 Page 2 (400 - 5FF) 
11 Page 3 (600 - 7FF) 

BIT 7: General purpose read/write bit 
(reserved for future use) 
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4.5.2 TIME OUT AND POWER DOWN STATUS 

BITS@ PD\ 

The TO and PD bits in the status register can be tested 
to determine if a RESET condition has been caused by 
a Watchdog Timer time-out, a power-up condition, or a 
wake-up from SLEEP by the Watchdog Timer or MCLR 
pin. 

These status bits are only affected by events listed in 
Table4.1. 

TABLE 4.1 - EVENTS AFFECTING PD/TO 
STATUS BITS 

Event TO PD Remarks 

Power-up 1 1 
WOT Timeout 0 x No effect on PD 
SLEEP instruction 1 0 
CLRWDT instruction 1 1 
Note: A WOT time-out will occur regardless of the status of the TO 

bit A SLEEP instruction will be executed, regaidless of the 
status of the PD bit. Table4.2 reflects the status of PD and 
TO after the corresponding event. 

TABLE 4.2 - PD/TO STATUS AFTER RESET 

- -
TO PD RESET was caused by 

0 0 WOT wake-up from SLEEP 

0 1 WOT time-out (not during SLEEP) 

1 0 MCLR wake-up from SLEEP 

1 1 Power-up 

u u Low pulse on MC1.R input 
Note: The fiO" and TO bit mamtam their status (U) until an event 

of Table 4.1 occurs. A low pulse on the MCLR input does 
not change the Pi5 and ro status bits. 

4.5.3 PROGRAM PAGE PRESELECT 

Bits 5-6 of the STATUS register are defined as page 
address bits PA<1:0> and are used to preselect a 
programmemorypage. WhenexecutingaGOTO, CALL, 

or an instruction with PC as destination (e.g. MOVWF PC), 
PA<1:0> are loaded into bit A<10:9> of the program 
counter, selecting one of the available program memory 
pages. The direct address specified in the instruction is 
only valid within this particular memory page. 

RETLW instructions do not change the page preselect 
bits. 

Upon a RESET condition, PA<2:0> are cleared to "O"s. 

4.6 File Select Register (FSR) 

Bits 0-4 select one of the 32 available file registers in the 
indirect addressing mode (that is, calling for the INDF 
register in any of the file oriented instructions). 

Bit 7 of the FSR is read-only and is always read as a 
•one•. 

If no indirect addressing is used, the FSR can be used 
as a 5-bit wide general purpose register. 

Bits 5 and 6 of the FSA select the current data memory 
bank (Figure 4.2). 

The lower 16 bytes of each bank are physically identical 
and are always selected when bit 4 of the FSA (in case 
of indirect addressing) is "O", or bit 4 of the direct file 
register address of the currently executing instruction is 
"O"(e.g.MOVWF DATAMEM). 

Only if bit 4 in the above mentioned cases is "1", bits 5 
and 6 of the FSR select one of the four available register 
banks with 16 bytes each. 

Bit 7 is read-only and is always read as "one." 
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5.0 VO REGISTERS (PORTS) 

The 1/0 registers can be written and read under program 
control like any other register of the register file. How
ever, "read' instructions (e.g. MOVF PORTB, w) always 
read the 1/0 pins, regardless if a pin is defined as "input" 
or 'output.• Upon a RESET condition, all 1/0 ports are 
defined as 'input' (= high impedance mode) as the 1/0 
control registers (TRISA, TRISB) are all set to 'ones.• 

The execution of a "TRIS f' instruction with correspond
ing 'zeros' in the W-register is necessary to define any 
of the 1/0 pins as output. 

5.1 PORTA 

PORTA is a 4-bit 1/0 register. Only the low order 4 bits 
are used (RAO· RA3). Bits 4 · 7 are unimplemented and 
read as 'zeros.• 

5.2 PORTB 

PORTB is an 8-bit 1/0 register. 

FIGURE 5.1 - EQUIVALENT CIRCUIT FOR A 
SINGLE 1/0 PIN 

FROM D 
DATA BUS 

"WRITE" 

DATA 
LATCH 

CK 

TO DATA 
BUS 

FROM 
W-REGISTER 

"TRIS!" 

"READ" 

D Q 
1/0 

CONTROL 
LATCH 

CK SET Q 

"RESET" 

VDD 

p 

02 

110 
PIN 

PIC16C58A 

5.3 l/O Interfacing 

The equivalent circuit for an 1/0 port bit is shown in 
Figure 5.1. All ports may be used for both input and 
output operations. For input operations, these ports are 
non-latching. Any input must be present until read by an 
inputinstruction(e.g.MOVF PORTB, w). Theoutputsare 
latched and remain unchanged until the output latch is 
rewritten. To use a port pin as output, the corresponding 
direction control bit (in TRISA, TRISB, TRISC) must be 
set to zero. For use as an input, the corresponding TRIS 
bit must be 'one'. Any 1/0 pin can be programmed 
individually as input or output. 

5.4 1/0 Programming Considerations 

5.4.1 BIDIRECTIONAL 1/0 PORTS 

Some instructions operate internally as read followed by 
write operations. The BCF and BSF instructions, for 
example, read the entire port into the CPU, execute the 
bit operation and re-output the result. Caution must be 
used when these instructions are applied to a port where 
one or more pins are used as inpuVoutputs. For ex
ample, a BSF operation on bit 5 of PORTB will cause all 
eight bits of PORTB to be read into the CPU. Then the 
BSF operation takes place on bit 5 and PORTB is re
output to the output latches. If another bit of PORTB is 
used as a bidirectional 1/0 pin (say bit 0) and it is defined 
as an input at this time, the input signal present on the pin 
itself would be read into the CPU and re-written to the 
data latc;h of this particular pin, overwriting the previous 
content. As long as the pin stays in the input mode, no 
problem occurs. However, if bit O is switched into output 
mode later on, the content of the data latch may now be 
unknown. 

A pin actively outputting a "O" or '1' should not be driven 
from external devices at the same time in order to 
change the level on this pin ("wired-or', 'wired-and"). 
The resulting high output currents may damage the chip. 
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5 4.2 SUCCESSIVE OPERATIONS ON VO PQRTS 

The actual write to an VO port happens at the end of an 
instruction cycle, whereas for reading, the data must be 
valid at the beginning of the instruction cycle (see 
Figure 5.2). Therefore, care must be exercised if a write 
followed by a read operation is carried out on the same 
110 port. The. sequence of instructions should allow the 
pin voltage to stabilize (load dependent) before the next 
instruction which causes that file to be read into the CPU 
is executed. Otherwise, the previous state of that pin 
may be read into the CPU rather than the new state. 
When in doubt, it is better to separate these instructions 
with a NOP or an other instruction not accessing this 
110 port. 

6.0 GENERAL PURPOSE REGISTERS 

FIGURE 5.2 -1/0 PORT READ/WRITE TIMING 

f08h -fOFh: 

f10h -f1Fh: 

f20h - f2Fh: 
f30h-f3Fh: 

f40h -f4Fh: 
f50h -f5Fh: 

f60h -f6Fh: 
f70h -f7Fh: 

general purpose register files which are 
always selected, independent of bank 
select 
general purpose register files in memory 
bankO 
physically identical to fOO - fOF 
general purpose registerfiles in memory 
bank 1 
physically identical to fOO - fOF 
general purpose register files in memory 
bank2 
physically identical to fOO - fOF 
general purpose register files in memory 
bank3 

:~1~1~1~:~1~1~1~:~1~1~1~:~1~1~1~: Note: 

FC ~ FC X PC+1 X . : PC+2 X PC+3 
Instruction , MOVWF PORTB , MOVF PORTB, W 1 NOP NOP 

fetched 1 Write to Read PORTB 
PORTB 

RB (7:0) .... : ------,-------f~""'f--r----.,-' ------
1 •f Portpin : 
I I I 
, , sampled here, 
~ j4- I 

TFD 

I MO=~ : MOV~x~~~. w' 

DS30225B-page 16 lPrr®~alITfi1a[ll)@rrw 
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Execute 
NOP 

This example shows write to 
port B followed by a read 
from port B. Note that the 
data setup time = (0.25 TCY 
- TPD) where TCY = 
instruction cycle. Therefore, 
at higher clock frequencies, 
write followed by a read 
may be problematic. 
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7.0 SPECIAL PURPOSE REGISTERS 
7.1 W Working Register 

Holds second operand in two operand instructions and/ 
or supports the internal data transfer. 

7.2 TRISA VO Control Register For 
PORTA 

Only bits O -3 are available. PORT A is only 4-bits wide. 

7.3 ~ VO Control Register For 
PORTB 

The 110 control register will be loaded with the content of 
the W register by executing of the TRIS PORT B 
instruction. A '1' in the 110 control register puts the 
corresponding 110 pin into a high impedance (input) 
mode. A "O" puts the contents of file register PORTS out 
on the selected 110 pins. 

This register is 'write-only' and is set to all 'ones" upon 
a RESET condition. 

FIGURE 7.1 - OPTION REGISTER 

5 4 3 2 0 

[RTSJRTEJ PSA I PS2 I PS1 I PSO 

\ 

PRESCALER VALUE 

0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 

0 1 
1 0 

1 

J 
I 

PIC16C58A 

7.4 OPTION Prescaler/RTCC ODtion 
Register 

Defines prescaler assignment (RTCC or WOT), pres
calervalue, signal source and signal edge for the RTCC. 
The OPTION register is "write-only' and is 6-bits wide. 

By executing the 'OPTION' instruction, the contents of 
the 'W' register will be transferred to the option register. 
Upon a RESET condition, the option register is set to all 
'ones.' 

Figure 7.1 show the bit descriptions for the OPTION 
register. This register is write only. 

RESETVALUE: 111111b 

RTCCRATE WOT RATE 

1 : 2 1 : 1 
1 : 4 1 : 2 
1 : 8 1 : 4 
1 : 16 1 : 8 
1 : 32 1 : 16 
1 : 64 1 : 32 
1 : 128 1 : 64 
1 : 256 1 : 128 

'-------- PRESCALER ASSIGNMENT BIT: 
0 .... RTCC 
1 .... WOT 

'----------- RTCC SIGNAL EDGE: 
0 .... INCREMENT ON LOW-TO-HIGH TRANSITION ON RTCC PIN 
1 .... INCREMENT ON HIGH-TO-LOW TRANSITION ON RTCC PIN 

'-------------- RTCC SIGNAL SOURCE: 
0 .... INTERNAL INSTRUCTION CYCLE CLOCK (CLKOUT) 
1 .... TRANSITION ON RTCC PIN 
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8.0 RESET CONDITION 

A RESET condition can be caused by applying power to 
the chip (power-up), pulling the MCLR input "low" or by 
a Watchdog Timer timeout. The device will stay in 
RESET as long as the oscillator start-up timer (OST) is 
active or the MCLR input is 'low." 

The Oscillator Start-up Timer is activated as soon as 
MCLR input is sensed to be~ This implies that in 
case of Power-On Reset with MCLR tied to Voo the OST 
starts from power-up. In case of WOT time-out, it will 
start at the end of the timeout (since MCLR is high). In 
case of MCLR reset, the OST will start when MCLR goes 
high. The nominal OST timeout period is 1 Bms. See 
Section 13.0for detailed information on OST and Power
On Reset. 

During a RESET condition the state of the PIC16C58A 
is defined as : 

The oscillator is running or will be started (power
up or wake-up from SLEEP). 

All 1/0 port pins (RAO - RA3 and ABO - RB7) are put 
into the high-impedance state by setting the 'TRIS' 
registers to all "ones' (= input mode). 

The Program Counter is set to all "ones' (7FFh). 

The OPTION register is set to all "ones". 

The Watchdog Timer and its prescaler are cleared. 

The upper-three bits (page select bits) in the 
STATUS Register are cleared to "zero." 

'RC" mode only: The "CLKOUT' signal on the 
OSC2 pin is held at a"low" level. 

TABLE 8-1: RESET CONDITION FOR REGISTERS 

Register Address • Power-on Reset • MCLR Reset during: • Wake up from SLEEP 
- normal operation through WOT timeout 
-SLEEP 

• WOT timeout during normal 
operation 

w - xxxx xxxx uuuu uuuu uuuu uuuu 

OPTION - 0011 1111 0011 1111 0011 1111 

INDF OOh - - -
RTCC 01h xxxx xxxx uuuu uuuu uuuu uuuu 

PC 02h OOOh OOOh PC + 1 

STATUS 03h 0001 lxxx 000? ?uuu uuu? ?uuu 

FSA 04h xxxx xxxx uuuu uuuu uuuu uuuu 

PORTA 05h xxxx xxxx uuuu uuuu uuuu uuuu 

PORTB 06h xxxx xxxx uuuu uuuu uuuu uuuu 

Legend: u unchanged, x unknown, - unimplemented bit, reads as 'O', ? = value depends on condition 

DS30225B-page 18 [?)ir®~ o ITiiil o [fj)lfillfW © 1994 Microchip Technology Inc. 

2-154 



9.0 PRESCALER 

An 8-bitcounteris available as a prescalerforthe RTCC, 
or as a post-scaler for the Watchdog Timer, respectively 
(Figure 9.1 }. For simplicity, this counter is being referred 
to as 'prescaler" throughout this data sheet. Note that 
there is only one prescaler available which is mutually 
exclusively shared between the RTCC and the Watch
dog Timer. Thus, a prescaler assignment for the RTCC 
means that there is no prescaler for the Watchdog 
Timer, and vice-versa. 

The PSA and PSO-PS2 bits in the OPTION register 
determine the prescaler assignment and pre-scale ratio. 
When assigned to the RTCC, all instructions writing to 
the RTCC (e.g. CLRF RTCC' MOVWF RTCC' BSF 
RTCC, x .... etc.) will clear the prescaler. When assigned 
to WOT, a CLRWDT instruction will clear the prescaler 
along with the Watchdog Timer. 

9.1 Switching Prescaler Assignment 

CHANGING PRESCALER FROM RTCC TO WOT 

The prescaler assignment is fully under software con
trol, i.e., it can be changed 'on the fly' during program 
execution. To avoid an unintended device RESET, the 
following instruction sequence must be executed when 
changing the prescaler assignmentfrom RTCC to WOT: 

PIC16C58A 

1. MOVLW B 'xxOxOxxx' ; Select internal clock and select new 
2. OPTION ; prescaler value. If new prescale value 

3. CLRF 1 

; is = '000' or '001 ', then select any other 
; prescale value temporarily. 
; Clear RTCC and~-

4. MOVLW B'xxxx1xxx' ; Select WOT, do not change prescale 
; value. 

5. OPTION 
6. CLRWOT 

[
7. MOVLW B'xxxx1xxx' 
8. OPTION 

; Clears WOT and~
; Select new prescale value. 

Steps 1 and 2 are only required if an external RTCC 
source is used. Steps 7 and 8 are necessary only if the 
desired prescale value is '000' or '001'. 

CHANGING PRESCALER FROM WOT TO RTCC 

To change prescalerfrom WOTto RTCC use the follow
ing sequence: 

1. CLRWOT ; Clear WOT and~ 
2. MOVLW B'xxxxOxxx' ; Select RTCC, new prescale value 

; and clock source 
3. OPTION 

FIGURE 9.1 - BLOCK DIAGRAM RTCC/WDT PRESCALER 

WATCH 
DOG 

TIMER 

WDTENABLE 
EPROMFUSE 
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Note: RTE, RTS, PSA, PSO-PS2 
are bits in the OPTION register. 
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10.0 BASIC INSTRUCTION SET 
SUMMARY 

Each instruction isa 12-bitword divided into an OPCODE 
which specifies the instruction type and one or more 
operands which further specify the operation of the 
instruction. The Instruction Set Summary in Table 10.1 
lists byte-oriented, bit-oriented, and literal and control 
operations. 

For byte-oriented instructions, 'f' represents a file regis
ter designator and 'd" represents a destination designa
tor. The file register designator specifies which one of 
the 32 file registers is to be utilized by the instruction. 

The destination designator specifies where the result of 
the operation is to be placed. If 'd' is zero, the result is 
placed in the W register. If "d" is one, the result is placed 
in the file register specified in the instruction. 

For bit-oriented instructions, 'b" represents a bit field 
designator which selects the number of the bit affected 
by the operation, while "!" represents the number of the 
file in which the bit is located. 

For literal and control operations, 'k' represents an eight 
or nine bit constant or literal value. 

All instructions are executed within one single instruc
tion cycle, unless a conditional test is true or the program 
counter is changed as a result of an instruction. In this 
case, the execution takes two instruction cycles. One 
instruction cycle consists of four oscillator periods. Thus, 
for an oscillator frequency of 4 MHz, the normal instruc
tion execution time is 1 µsec. If a conditional test is true 
or the program counter is changed as a result of an 
instruction, the instruction execution time is 2 µsec. 

Notes to Table 10.1 

Note 1: The ninth bit of the program counter will be 
forced to a "zero' by any instruction that writes 
to the PC exceptfor GOTO (e.g. CALL' MOVWF 

PC etc.). See section 4.3 for details. 
Note 2: When an 1/0 register is modified as a function of 

itself (e.g. MOVF PORTE, 1 ), the value used will 
be that value present on the pins themselves. 
For example, if the data latch is "1' for a pin 
configured as output and is driven low by an 
external device, the data will be written back 
with a 'O'. 

Note 3: The instruction "TRIS f', where f =PORTA, 
PORTB, or PORTC causes the contents of the 
W register to be written to the three-state latches 
of the specified file (port). A "one' forces the pin 
to a high impedance state and disables the 
output buffers. 

Note 4: If this instruction is executed on The RTCC 
register (and, where applicable, d=1 ), the pres
caler will be cleared if assigned to the RTCC. 
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TABLE 10.1 - INSTRUCTION SET SUMMARY 

(11-6) (5) (4- 0) 

BYTE-ORIENTED FILE REGISTER OPERATIONS I OPCODE I d I f(FILE #) I 
d = O for destination W 
d = 1 for destination f 

Instruction-Binary (Hex) Name Mnemonic, Operands Operation Status Affected Notes 

0001 lldf ffff lCf Add Wand f ADDWF I, d W+f~d C,DC,Z 1,2,4 
0001 Oldf ffff 14f AND Wand f ANOWF I, d W&f~d z 2,4 
0000 Ollf ffff 06f Clear f CLRF I O~f z 4 
0000 0100 0000 040 ClearW CLRW - a~w z 
0010 Oldf ff ff 24f Complement f COMF I, d f~d z 2,4 
0000 lldf ffff OCf Decrementf DECF I, d f-1 ~ d z 2,4 • 0010 lldf ffff 2Cf Decrement f,Skip if Zero DECFSZ I, d f - 1 ~ d, skip if zero None 2,4 
0010 lOdf ffff 28f Increment f INCF I, d f+ 1 ~d z 2,4 
0011 lldf ffff 3Cf Increment f,Skip if zero INCFSZ I, d f + 1 ~ d, skip if zero None 2,4 
0001 OOdf ffff lOf Inclusive OR Wand f IDRWF I, d Wvf~d z 2,4 
0010 OOdf ffff 20f Move f MOVF I, d f~d z 2,4 
0000 OOlf ffff 02f MoveWtof MOVWF I W~f None 1,4 
0000 0000 0000 000 No Operation NOP - - None 
0011 Oldf ff ff 34f Rotate left f RLF I, d f(n) ~ d(n+ 1 ), C ~ d(O), f(7) ~ C c 2,4 
0011 OOdf fff f 30f Rotate right f RRF I, d f(n) ~ d(n-1), C ~ d(7), f(O) ~ C c 2,4 

0000 lOdf ffff OBf Subtract W from f SUBWF I, d f - w ~ d [f + w + 1 ~ d) C,DC,Z 1,2,4 
0011 lOdf ff ff 38f Swap halves f SWAPF I, d f(Q-3) H f(4-7) ~ d None 2,4 
0001 lOdf fff f 18f Exclusive OR Wand f XORWF I, d W$ f~d z 2,4 

(11-8) (7-5) (4 - 0) 
BIT-ORIENTED FILE REGISTER OPERATIONS I OPCODE I b(BIT #)I f(FILE #) I 
Instruction-Binary (Hex) Name Mnemonic, Operands Operation Status Affected Notes 

0100 bbbf ffff 4bf Bit Clear f BCF I, b 0 ~ f(b) None 2,4 
0101 bbbf ffff 5bf Bit Set f BSF I, b 1 ~ f(b) None 2,4 
0110 bbbf ff ff 6bf Bit Test f,Skip if Clear BTFSC I, b Test bit (b) in file (f): Skip if clear None 
0111 bbbf fff f 7bf Bit Test f, Skip if Set BTFSS I, b Test bit (b) in file (f): Skip if set None 

(11-8) (7 - 0) 

LITERAL AND CONTROL OPERATIONS I OPCODE I k (LITERAL) I 
Instruction-Binary (Hex) Name Mnemonic, Operands Operation Status Affected Notes 

1110 kkkk kkkk Ekk AND Literal and W ANDLW k k&w~w z 
1001 kkkk kkkk 9kk Call subroutine CALL k PC + 1 ~ Stack, k ~ PC None 1 

0000 0000 0100 004 Clear Watchdog Timer CLRWDT - O ~ WDT (and prescaler, if assigned) Til/PD 

lOlk kkkk kkkk Akk Go To address (k is 9 bit) GOTO k k ~ PC (9 bits) None 
1101 kkkk kkkk Dkk Incl. OR Literal and W IORLW k kvw~w z 
110 0 kkkk kkkk Ckk Move Literal to W MOVLW k k~W None 
0000 0000 0010 002 Load OPTION register OPTION - W ~ OPTION register None 
1000 kkkk kkkk Bkk Return.place Literal in W RETLW k k ~ W, Stack~ PC None 

0000 0000 0011 003 Go into standby mode SLEEP - O ~ WDT, stop oscillator TO/PD 
0000 0000 Offf OOf Three-state port f TRIS I w~ 1/0 control register f None 3 
1111 kkkk kkkk Fkk Exel. OR Literal and W XORLW k k$W~W z 

Notes: See previous page 
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11.0 WATCHDOG TIMER (WOT) 

TheWatchdog Timer is realized as a free running on
chip RC oscillator which does not require any external 
components. That means that the WOT will run, even if 
the clock on the OSC1/0SC2 pins of the device has 
been stopped, for example, by execution of a SLEEP 
instruction. A WOT timeout generates a device RESET 
condition. The WOT can be permanently disabled by 
programming the WDTE EPROM fuse (to zero). 

11.1 WOT Period 

The WOT has a nominal timeout period of 18ms, (with no 
prescaler). The timeout periods vary with temperature, 
Voo and process variations from part to part (see DC 
specs). If longer timeout periods are desired, a pres
caler with a division ratio of up to 1: 128 can be assigned 
to the WOT under software control by writing to the 
OPTION register. Thus, timeout periods up to 2.5 sec
onds can be realized. 

The CLRWDT and SLEEP instructions clear the WOT and 
the prescaler count, if assigned to the WOT, and prevent 
it from timing out and generating a device RESET 
condition. 

The status bit TO in the ST A TUS register will be cleared 
upon a Watchdog Timer timeout. 

The WOT period is a function of the supply voltage, 
operating temperature and will also vary from unit to unit 
due to variations in the manufacturing process. Please 
refer to the graphs in Section 18.0 and DC specs for 
more details. 

11.2 WOT Programming Considerations 

It should also be taken in account that under worst case 
conditions (Voo =Min., Temperature= Max., max. WDT 
prescaler) it may take several seconds before a WDT 
timeout occurs. 

12.0 OSCILLATOR CIRCUITS 

12.1 Oscillator Tyoes 

The PIC16C58A series is available with four different 
oscillator options. The two OT1 :OTO EPROM fuses in 
the configuaration word select one of these four modes. 

12.2 Crystal Oscillator 

The PIC16C58A crystal options (XT, HS, or LP) need a 
crystal or ceramic resonator connected to the OSC1 and 
OSC2 pins to establish oscillation (Figure 12. 1 ). XT = 
Standard crystal oscillator, HS = High speed crystal 
oscillator. The series resistor RS may be required forthe 
'HS" oscillator, especially at lower than 20 MHz oscilla
tion frequency. It may also be required in XT mode with 
AT strip-cut type crystals to avoid overdriving. 

12.3 RC Oscillator 

For timing insensitive applications, the "RC" device 
option offers additional cost savings. The RC oscillator 
frequency is a function of the supply voltage, the resistor 
(Rext) and capacitor (Cext) values, and the operation 
temperature. In addition to this, the oscillator frequency 
will vary from unit to unit due to normal process param
eter variation. Furthermore, the difference in lead frame 
capacitance between package types will also affect the 
oscillation frequency, especially for low Cext values. 
The user also needs to take into account variation due 
to tolerance of external R and C components used. 
Figure 12.3 shows how the RIC combination is con
nected to the PIC16C58A. For Rext values below 
2.2k0hm, the oscillator operation may become unstable 
or stop completely. For very high Rext values (e.g. 
1 MOhm), the oscillator becomes sensitive to noise, 
humidity and leakage. Thus, we recommend to keep 
Rext between 3k0hm and 1 OOkOhm. 

Although the oscillator will operate with no external 
capacitor (Cext = O pF), we recommend using values 
above 20 pF for noise and stability reasons. With no or 
small external capacitance, the oscillation frequency 
can vary dramatically due to changes in external capaci
tances, such as PCB trace capacitance or package lead 
frame capacitance. 

See table in Section 18.0 for RC frequency variation 
from part to part due to normal process variation. The 
variation is larger for larger R (since leakage current 
variation will affect RC frequency more for large R) and 
for smaller C (since variation of input capacitance will 
affect RC frequency more). 

See characteristics in Section 18.0 for variation of oscil
lator frequency due to Voo forgiven Rext/Cext values as 
well as frequency variation due to operating temperature 
for given R, C and Voo values. 

The oscillator frequency, divided by 4, is available on the 
OSC2/CLKOUT pin and can be used for test purposes 
or to synchronize other logic (see Figure 2.2 for timing). 
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Higher capacitance increases the stability of oscillator 
but also increases the start-up time. These values are 
for design guidance only. Rs may be required in HS 
mode as well as XT mode to avoid overdriving crystals 
with low drive level specification. Since each crystal/ 
ceramic resonator has its own characteristics, the user 
should consult the crystal manufacturer for appropriate 
values of external components. 

TABLE 12-1 • CAPACITOR SELECTION FOR 
CERAMIC RESONATORS 

Oscillator Resonator Capacitor Range 
Type Frequency C1 =C2 

XT 455 KHz 150-330 pF 
2.0MHz 20-330 pF 
4.0 MHz 20-330_p_F 

HS 8.0 MHz 20-200 pF 

Note: The capacitor values may change after characterization 
of the device. These values should be considered 
design targets. 

FIGURE 12.1 • CRYSTAL OPERATION 
(OR CERAMIC RESONATOR) 
(HS, XT OR LP TYPES ONL V) 

SLEEP 

To internal 
logic 

Note 1: Rs may be required in HS and XT modes for AT 
strip-cut crystals to avoid overdriving. See Tables 
12.1 and 12.2 for recommended values of C1, C2 
per oscillator type and frequency. 

FIGURE 12.2- EXTERNAL CLOCK INPUT 
OPERATION (HS, XT, or LP 
TYPES ONLY) 

CLOCK FROM 
EXT.SYSTEM 

OSC1 

OPEN OSC2 
PIC16C58A 

PIC16C58A 

TABLE 12.2 • CAPACITOR SELECTION FOR 
CRYSTAL OSCILLATOR 

Osc Freq C1 C2 
Type 

LP 32KHz 15_ef 15_ef 
XT 100 KHz 15-30 pF 200-300 pF 

200 KHz 15-30 pF 100-200 pF 
455 KHz 15-30 pF 15-100 pF 
1 MHz 15-30 pF 15-30 pF 
2MHz 15 pF 15 pF 
4MHz 15_Qf 15_Qf 

HS 4MHz 15 pF 15 pF 
8MHz 15 pF 15 pF 

20 MHz 15 pf 15 pF 

Note: The capacitor values may change after characterization 
of the device. These values should be considered 
design targets. 

FIGURE 12.3 - RC OSCILLATOR 
(RC TYPE ONLY) 

Voo 

Rex! 

OSC2/CLKOUT 
Fosc/4~~~~~~~~~~~ 
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13.0 OSCILLATOR START-UP TIMER 
(OST) 

Oscillator circuits based on crystals or ceramic resona
tors require a certain time after power-up to establish a 
stable oscillation. An on-chip oscillator start-up timer is 
provided which keeps the device in a RESET condition 
for approximately 1 Bms after the voltage on the MCLR 
pin has reached a logic high (VIHMC) level. Thus, 
external RC networks connected to the MCLR input are 
not required in most cases, allowing for savings in cost
sensitive and/or space restricted applications. 

The OST will also be triggered upon a Watchdog Timer 
timeout. This is particularly important for applications 
using the WOT to awake the PIC16C58A from SLEEP 
mode automatically. 

The OST is not adequate for low frequency crystals 
which require much longer than 18ms to start-up and 
stabilize. 

13.1 Power-On Reset (POR) 

The PIC16C58A incorporates an on-chip Power-On 
Reset (POR) circuitry which provides internal chip reset 
for most power-up situations. To use this feature the 
user merely needs to tie MCLR pin to Voo. A simplified 
block diagram of the on-chip Power-On Reset circuit is 
shown in Figure 13.4. The Power-On Reset circuit and 
the Oscillator Start-up Timer circuit are closely related. 
On power-up the reset latch is set and the start-up timer 
(see Figure 13.4) is reset. The start-up timer begins 
counting once it detects MCLR to be high. Afterthe time
out period, which is typically 1 Bms, it will clear the reset
latch and thus end the on-chip reset signal. 

Figures 13.5 and 13.6 are two power-up situations with 
relatively fast rise time on Voo. In Figure 13.5, Voo is 
allowed to rise and stabilize before bringing MCLR high. 
The chip will actually come out of reset tOST ms after 
MCLR goes high. In Figure 13.1.6, the on-chip Power
On Reset feature is being utilized (MCLR and Voo are 
tied together). The Voo is stable before the start-up 
timer times out and there is no problem in getting a 
proper reset. Figure 13. 7 depicts a potentially problem
atic situation where Voo rises too slowly. In this situa
tion, when the start-up timer times out, Voo has not 
reached the Voo (min) value and the chip is therefore not 
guaranteed to function correctly. 

To summarize, the on-chip Power-On Reset is guaran
teed to work if the rate of rise of Voo is no slower than 
0.05 Vims. It is also necessary that the Voo starts from 
OV. The on-chip Power-On Reset is also not adequate 
for low frequency crystals which require much longer 
than 18ms to start up and stabilize. For such situations, 
we recommend that external RC circuits are used for 
longer Power-On Reset. 

FIGURE 13.1 • EXTERNAL POWER 

Dt 

Notes: 

ON RESET CIRCUIT 
(FOR SLOW POWER-UP) 

Voo 

R 
R1 
•v MCLR 

J:C PIC16C58A = 
1. External power on reset circuit is required only if Voo 

power-up slope is too slow or if a low frequency crystal 
oscillator is being used that needs a long start-up time. 
The diode D helps discharge the capacitor quickly 
when V DD powerli down. 

2. R < 40 Kn must be observed to make sure that voltage 
drop across R does not exceed 0.2 V (max leakage 
current spec on MCLR pin is~- A larger voltage 
drop will degrade V1H level on MCLR pin. 

3. R1= 1000 to 11<'1 will limit any current flowing Into 
MCLR from external capacitor C in the event of MCLR 
pin breakdown due to ESD or EOS. 

FIGURE 13.2 - BROWN OUT PROTECTION 
CIRCUIT 

PIC16C58A 

Notes: 
1. This circuit will activate reset when VDD goes below 
~z +0.7V) where VZ =Zener voltage. 

FIGURE 13.3 - BROWN OUT PROTECTION 
CIRCUIT 

RI 

R2 

PIC16C58A 

Notes: 
1. This brown circuit is less expensive, albeit less 

accurate. Transistor Q1 turns off when VDD is 
below a certain level such that: 

R1 
VDD• R1 +R2 =0.7V. 
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FIGURE 13.4 ·SIMPLIFIED POWER ON RESET BLOCK DIAGRAM 

MCLR 
PIN 

POWER-UP 
DETECT 

ON-CHIP 
RCOSC 

POR (POWER-ON RESET) 

..-----------.RESET 

IMllT ASYNCH 
RIPPLE COUNTER 
(START-UP TIMER) 

FIGURE 13.5 - USING EXTERNAL RESET INPUT 

_ __.__--JA 
I 

Voo 

MCLR 

' 

PIC16C58A 

CHIP RESET 

Unote1 
: I 

i 
' INTERNAL POR 

~!OS~ ~tosT~ ! f----+-~ 

OST TIME-OUT 

INTERNAL RESET 

Nole 1: The tosr time-out is Invoked every time the chip comes out of reset. 
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FIGURE 13.6 • USING ON-CHIP POR (FAST Yoo RISE TIME) 

Voo 

-----""'Ii 
INTERNAL POR 

OST TIME-OUT 

l------""'----j1-----------------

INTERNAL RESET 

FIGURE 13.7. USING ON-CHIP POR (SLOW Yoo RISE TIME) 

Voo 

11\ITERNAL POR 

OST TIME-OUT 

11\ITERNAL RESET 

DS30225B-page 26 

sv 

ov 

i.--tosr-. i ~! ______________ _ 

When Voo rises slowly, the internal time-out period expires long before Voo has reached its final 
value. In this example, the chip will reset properly ii, and only if, v1:i: VooM1N. 
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14.0 POWER DOWN MODE (SLEEP) 

The power down mode is entered by executing a SLEEP 
instruction. 

If enabled, the Watchdog Ti mer will be cleared but keeps 
running, the bit PD in the STATUS register is cleared, the 
TO bit is set and the oscillator driver is turned off. The 
1/0 ports maintain the status they had before the SLEEP 
command was executed (driving high, low, or hi-imped
ance). 

For lowest current consumption in this mode, all 1/0 pins 
should be either at Voo, or Vss, with no external circuitry 
drawing current from the 1/0 pin. 1/0 pins that are in the 
High-impedance mode should be pulled high or low 
externally to avoid switching currents caused by floating 
inputs. The RTCC input should also be at Voo or Vss for 
lowest current consumption. 

The MCLR pin must be at Voo. 

14.1 Wake-Up 

The device can be awakened by a Watchdog Timer 
timeout (if it is enabled) or an externally applied "low' 
pulse at the MCLR pin. In both cases, the PIC16C58A 
will stay in RESET mode for one Oscillator Start-up 
Ttimer period (triggered from rising edge on MCLR or 
WOT timeout) before normal program execution re
sumes. 

The PD bit in the STATUS register, which is set to one 
during power on , but cleared by the SLEEP command, 
can be used to determine if the processor was powered 
up or awakened from the power down mode (Table 4.2). 
The TO bit in the STATUS register can be used to 
determine, if the 'wake up" was caused by an external 
MCLR signal or a Watchdog Timer timeout. 

NOTE: Some applications may require external RIC 
networks on the MCLR pin in order to allow for oscillator 
start-up times longer than one OST period. In this case, 
a WOT wake up from power down mode is not recom
mended, because a RESET generated by a WOT time 
out does not discharge the external capacitor, and the 
PIC16C58A will be in RESET only for the Oscillator 
Start-up Timer period. 

PIC16C58A 

15.0 CONFIGURATION FUSES 

The configuration EPROM consists of four EPROM 
fuses. 

Two are for the selection of the oscillator type, one is the 
watchdog timer enable fuse and one is the code protec
tion fuse. 

FIGURE 15.1: CONFIGURATION WORD 

11 bi!O 

Register. FUSES 
Address: N.A. 

OT <1 :II>: OSC selection fuses. 
11 : RC oscillator 
1 O : HS oscillator 
01 : XT oscillator 
00 : LP oscillator 

WDTE: WOT enable fuse. 
'-----1 =WOT enabled 

0 =WOT disabled 

CP: Code protection fuse. 
'-------1: Code protection off 

O: All memory is code 
protected 

Unimplemented. 

15.1 Customer ID Code 

The PIC16C58A series has 16 special EPROM bits 
which are not part of the normal program memory. 
These bits are available to the user to store an Identifier 
(ID) code, checksum, or other informative data. They 
cannot be accessed during normal program execution. 

15.2 Code Protection 

The program code written into the EPROM can be 
protected by programming the code protection fuse with 
"O". 

When code protected, the contents of the program 
EPROM cannot be read out in a way that the program 
code can be reconstructed. In addition, all memory 
locations starting at 040h and above are protected 
against programming. 

It is still possible to program locations OOOh - 03Fh, the 
ID locations and the configuration fuses. 

Note that the configuration fuses and the ID bits can still 
be read, even if the code protection logic is active. 

15.2.1 VERIFYING A CODE-PROTECTED PART 

When code protected verifying any program memory 
location will read a scrambled output which looks like 
·ooooooooxxxx· (binary) where Xis 1 or o. To verify a 
device alter code protection, follow this procedure: 

a. First, program and verify a good device without code 
protecting it. 

b. Next, write 'O' to the code protection fuse and then 
load its contents in a file. 

c. Verify any code-protected PIC16C58A (with this 
program) against this file. 
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16.0 DEVELOPMENT SUPPORT 

16.1 Oeve!Qpment Tools 

The PIC16C5X and PIC16CXX microcontrollers are 
supported with a full range of hardware and software 
development tools: 

• PICMASTER™ Real-Time In-Circuit Emulator 

• PRO MATE™ Universal Programmer 

• PICSTART™ Low-Cost Prototype Programmer 

• MPASM Assembler 

• MPSIM Software Simulator 

16.2 PICMASTER™: High Pe[formance 
Universal In-Circuit EmulatQr 

The PICMASTER Universal In-Circuit Emulator is in
tended to provide the product development engineer 
with a complete microcontroller design tool set for all 
microcontrollers in the PIC16C5X, PIC16CXX and 
PIC17CXX families. 

Interchangeable target probes allow the system to be 
easily reconfigured for emulation of different proces
sors. The universal architecture of the PICMASTER 
allows expansion to support all new PIC16C5X, 
PIC16CXX and PIC17CXX microcontrollers. 

The Emulator System is designed to operate on low-<:<>st 
PC-compatible machines ranging from 286-A TTM class 
ISA bus systems through the new 486 EISA-bus ma
chines. The development software runs in the 
Microsoft Windows" 3.X environment, allowing the op
erator access to a wide range of supporting software and 
accessories. 

The PICMASTER has been designed as a real-time 
emulation system with advanced features generally 
found on more expensive development tools. The AT 
platform and Windows 3.X environment was chosen to 
best make these features available to you, the end user. 

The PICMASTER Emulator Universal System consists 
primarily of four major components: 

• Host-Interface Card 

• Emulator Control Pod 

• Target-Specific Emulator Probe 

• PC Host Emulation Control Software 

The Windows 3.X System is a multitasking operating 
system which will allow the developer to take full advan
tage of the many powerful features and functions of the 
PICMASTER system. 

PICMASTER emulation can operate in one window, 
while a text editor is running in a second window. 
Dynamic Data Exchange (DOE), a feature of Windows 
3.X, will be available in this and future versions of the 
software. DOE allows data to be dynamically trans
ferred between two or more Windows programs. With 
this feature, data collected with PICMASTER can be 
automatically transferred to a spreadsheet or database 
program for further analysis. 

Under Windows 3.X, two or more PICMASTER emula
tors can run simultaneously on the same PC making 
development of multi-microcontroller systems possible 
(e.g., a system containing a PIC16CXX processor and a 
PIC17CXX processor). 

16.3 PRO MATE™: Universal Programmer 

The PRO MATE Universal Programmer is a production 
quality programmer capable of operating in a stand 
alone mode as well as a PC-hosted mode. 

The PRO MATE has programmable Voo and VPP sup
plies which allows it to verify programmed memory at 
Voo min and Voo max for maximum reliability . It has an 
LCD display for displaying error messages, keys to 
enter commands and a modular detachable socket 
assembly to support various package types. In stand 
alone mode the PRO MA TE can read, verify or program 
PIC16C5X, PIC16CXX and PIC17CXX devices. It can 
also set the fuse configuration and code-protect in this 
mode. Its ROM memory holds data and parametric 
information even when powered down. It is ideal for low 
to moderate volume production. 

FIGURE 16.1 - P!CMASTER SYSTEM CONFIGURATION 

D c:::::J 

Common Interface card 
PC Compatible Computer 

(AT/1SA Bus) (for Industry Standard Architecture) 
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(Oplionol) 
90-250VAC 

Universal Emulation Pod 
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In PC-hosted mode, the PRO MATE connects to the PC 
via one of the COM (RS232) ports. A PC based user
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and menu
based. Full screen display and editing of data, easy 
selection of fuse configuration and part type, easy selec
tion of Voo min, Voo max and VPP levels, load and store 
to and from disk files (intel hex format) are some of the 
features of the software. Essential commands such as 
read, verify, program, blank check can be issued from 
the screen. Additionally, serial programming support is 
possible where each part is programmed with a different 
serial number, sequential or random. 

The PRO MA TE has a modular 'programming socket 
module'. Different socket modules are required for 
different processor types and/or package types. PRO 
MATE supports all PIC16C5X, PIC16CXX and 
PIC17CXX processors. 

16.4 PICSTART™ Programmer 

The PICSTART programmer is an easy to use, very low
cost prototype programmer. It connects to the PC via 
one of the COM (RS232) ports. A PC based user 
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and menu
based. 

16.5 Assembler (MPASM) 

Cross Assembler is a PC hosted symbolic assembler. It 
supports all microcontroller series including the 
PIC16C5X CMOS, PIC16CXX, and PIC17CXXfamilies. 

MPASM offers fully featured Macro capabilities, condi
tional assembly, and several source and listing formats. 
It generates various object code formats to support 
Microchip's development tools as well as third party 
programmers. 

MPASM allows full symbolic debugging from the Micro
chip Universal Emulator System (PICMASTER). 

MPASM has the following features to assist in develop
ing software for specific use applications. 

• Provides translation of Assembler source code to 
object code for all Microchip microcontrollers. 

• Macro Assembly Capability 

• Provides Object, Listing, Symbol and special files 
required for debugging with one of the Microchip 
Emulator systems. 

• Supports Hex (default), Decimal and Octal source 
and listing formats. 

MPASM provides a full feature directive language repre
sented by four basic classes of directives: 

• Data Directives are those that control the allocation 
of memory and provide a way to refer to data items 
symbolically, by meaningful names. 

• Listing Directives control the MPASM listing dis 
play. They allow the specification of titles and sub
titles, page ejects and other listing control. 

PIC16C58A 

• Control Directives permit sections of conditionally 
assembled code. 

• Macro Directives control the execution and data 
allocation within macro body definitions. 

16.6 Software Simulator (MPSIM) 

The Software Simulator allows code development in a 
PC host environment. It allows the user to simulate the 
PIC16C5X and PIC16CXX series microcontrollers on 
an instruction level. On any given instruction, the user 
may examine or modify any of the data areas or provide 
external stimulus to any of the pins. The input/output 2 radix can be set by the user and the execution can be 
performed in single step, execute until break or in a trace 
mode. Two forms of symbolic debugging are available: 
an internal symbol table for disassembling opcodes and 
the displaying of source code from a listing file. The 
Software Simulator offers the low cost flexibility to de-
velop and debug code outside of the laboratory environ-
ment making it an excellent multi-project software devel-
opment tool. 

16.7 Development Systems 

For convenience, the development tools are packaged 
into comprehensive systems as listed below: 

Item Name ~stem Descr~ion 

1. PICMASTER PICMASTER In-Circuit Emulator with 
System your choice of Target Probe, 

PRO MATE Programmer, 
Assembler, Software Simulator and 
Samples. 

2. PICSTART PICSTART Low-Cost Prototype 
System Programmer, Assembler, Software 

Simulator and Samples 

16.8 Probe Specifications 

The PICMASTER probes currently meet the following 
specifications: 

PROBE 
PICMASTER Devices Maximum Operating 

PROBE Supported Frequency Vohage 

PROBE -16A PIC16C54, 4MHZ 4.5V-5.5V 
PIC16C55, 
PIC16C56, 
and PIC16C57 

PROBE-160 PIC16C54, 20MHz 4.5V-5.5V 
PIC16C55, 
PIC16C56, 
PIC16C57, 
and PIC16C58 
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17 .0 ELECTRICAL CHARACTERISTICS *Notice: Stresses above those listed under "Maximum Ratings" 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at those or any 
other conditions above those indicated in the operation listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

17.1 Absolute Maximum Ratings* 

Ambient temperature under bias •..•.... ·55°C to + 125"C 

Storage Temperature ....................... - 65°C to + 150°C 
Voltage on any pin with respect to Vss 

(except Voe. MC1..R and RTCC) .•. -0.6V to Voe +0.6V 
Voltage on Voe with respect to Vss ..•........ Oto +7.5 V 

Notes: 1. Total power dissipation should not exceed 800 
mW for the package. Power dissipation is 
calculated as follows: Voltage on MC1..R and RTCC with respect 

to Vss ..•..•....•.•.....•....•......•....•..•......•............ Oto +14 V POIS= Voe x {loo- I. IOH} +I. {(Voo-VoH) x IOH} 
+ I,(V OL X IOL) Total power Dissipation (Note 1) ..........•......•.. 800 mW 

Max. Current out of Vss pin ...•................•.•..... 150 mA 
Max. Current into Voe pin ............................... 100 mA 
Input Clamp Current, llK (Vl<O or Vl>Voo) •..... ±20 mA 
Output Clamp Current, IOK (VO<O or VO>VDD) ±20 mA 
Max. Output Current sinked by any 1/0 pin •.•.... 25 mA 
Max. Output Current sourced by any 1/0 pin .... 20 mA 
Max. Output Current sourced by a single 
1/0 port Port A ................................................ 50 mA 

Port B .............................................. 100 mA 
Max. Output Current sinked by a single 
1/0 port Port A ................................................ 50 mA 

Port B .............................................. 100 mA 

TABLE 17.1 - PIN DESCRIPTIONS 

Name Function Observation 

RAO-RA3 110 PORTA 4 i11Q_ut/oum_ut lines. TTL i112_ut buffers. 
RBO- RB7 110 PORTB 8 input/output lines. TTL input buffers. 
RTCC Real Time Clock/Counter Schmitt Trigger Input. 

Clock input to RTCC register. Must be tied to Vss or Voe if 
not in use to avoid unintended operation and to reduce 
current consumption. 

MCLR Master Clear Schmitt TriPtger Input. 
A 'Low" vo tage on this input generates a RESET condition. 
A rising voltage triggers the on-chip oscillator start-up timer 
which keeps the chip in RESET mode for about 18ms. This 
i112_ut must be tied direct_ht, or via a _f)Ull-UQ_ resistor, to Voe. 

OSC1/CLKIN Oscillator (input) In 'XT', 'HS' and 'LP' oscillator configuration: Input terminal 
for crystal, ceramic resonator, or external clock generator. 
In 'RC' oscillator configuration: Driver terminal for external 
RC combination to establish oscillation. 

OSC2/CLKOUT Oscillator (output) In 'XT', 'HS" and 'LP' oscillator configuration: Output 
terminal for crystal and ceramic resonator. Do not connect 
any other load to this output. Leave open if external clock 
generator is used. 
In "RC" oscillator configuration: A 'CLKOUT' signal with a 
fr~en~ of 1/4 Fosc1 iS...£.Ut out on this_.e!n. 

Voe Power sup(>ly 
Vss Ground 
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17.2 DC CHARACTERISTICS: PIC16C58A-04 (COMMERCIAL, INDUSTRIAL) 

DC CHARACTERISTICS, Standard Operating Conditions 

POWER SUPPLY PINS Operating temperature -40'C s TA s +85'C for industrial and 
o·c s TA s +1o·c for co 

Characteristic Sym Min Typ* Max Units 

Supply Voltage 
Voo 3.0 6.25 v 

RAM Data Retention VOA 1.5 v 
Voltage (Note 3) 
Yoo start voltage to VPOR Vss 
guarantee power on reset 
Yoo rise rate to guarantee Svoo 0.05* 
power on reset 
Supply Current (Note 2) 

loo 

LP option, Commercial 
Fosc = 32 KHz, Voo = 3.0V, WOT disabled 
LP option, Industrial 

µA Fosc = 32 KHz, Voo = 3.0V, WOT disabled 
Power Down Current 
(Note 4) 
WOT enabled 12 µA Voo = 3.0V, Commercial 

14 µA Voo= 3.0V, Industrial 
WOT disabled 9 µA Voo = 3.0V, Commercial 

0.8 12 µA Voo= 3.0V, Industrial 

* These paramete re b o haracterization and are not tested. 
Note 1: Data i h~lu n eled 'Typical" is based on characterization results at 25'C. This data is for design 

guidanc nly nd is not tested for, or guaranteed by Microchip Technology. 
Note 2: The supply rr t is mainly a function of the operating voltage and frequency. Other factors such as bus 

loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on the 
current consumption. 
a) The test conditions for all loo measurements in active operation mode are: 

OSC 1 =external square wave, from rail to rail; all 1/0 pins tristated, pulled to Voo, RT= Voo, MCLR = Voo; WOT 
enabled/disabled as specified. 
b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP mode. 

Note 3: This is the limit to which Voo can be lowered in SLEEP mode without losing RAM data. 
Note 4: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 

measured with the part in SLEEP mode, with all 1/0 pins in hi-impedence state and tied to Voo and Vss. 
Note 5: Does not include current through Rext. The current through the resistor can be estimated by the formula 

Ir= Voo/2Rext (mA) with Rext in kOhm. 
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17.3 DC CHARACTERISTICS: PIC16C58A-10 
PIC16C58A-20 

(COMMERCIAL, INDUSTRIAL) 
(COMMERCIAL, INDUSTRIAL) 

DC CHARACTERISTICS, 

POWER SUPPLY PINS 

Characteristic 

Supply Voltage 

RAM Data Retention 
Voltage (Note 3) 
Voo start voltage to 
guarantee power on reset 
Voo rise rate to guarantee 

ower on reset 
Supply Current (Note 2) 

Power Down Current 
(Note 4) 
WOT enabled 

WOT disabled 

Note 2: 

Sym 

Voo 

VOR 

VPOR 

Svoo 

loo 

IPD 

Standard Operating Conditions 
Operating temperature -40"C s TA s +as·c for industrial and 

o·c s TA s +1o·c for commercial 

Min Typ* Max Units CondHlons 

3.0 6.25 v 
4.5 5.5 v 

1.5 v 

Vss v 

0.05* 

1.8 

ion and are not tested. 

n C options 
osc 4 MHz, Voo = 5.5V 
S option 
osc = 10 MHz, Voo = 5.5V 

Fosc = 20 MHz, Voo = 5.5V 

Voo= 3.0V, Commercial 
Voo = 3.0V, Industrial 
Voo = 3.0V, Commercial 
Voo = 3.0V, Industrial 

cal' is based on characterization results at 25"C. This data is for design 

nd1 · ns for all loo measurements in active operation mode are: 

OSC1 =external square wave, from rail to rail; all 110 pins tristated, pulled to Voo, RT= Voo, MCLR = Voo; WOT 
enabled/disabled as specified. 
b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP mode. 

Note 3: This is the limit to which Voo can be lowered in SLEEP mode without losing RAM data. 
Note 4: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 

measured with the part in SLEEP mode, with all 1/0 pins in hi-impedance state and tied to Voo and Vss. 
Note 5: Does not include current through Rext. The current through the resistor can be estimated by the formula 

Ir = Voo/2Rext (mA) with Rext in kOhm. 
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17.4 DC CHARACTERISTICS: PIC16LC58A-04 (COMMERCIAL, INDUSTRIAL) 

DC CHARACTERISTICS, 

POWER SUPPLY PINS 

Characteristic 

Supply Voltage 

RAM Data Retention 
Voltage (Note 3) 
Yoo start voltage to 
guarantee power on reset 
Yoo rise rate to guarantee 
power on reset 
Supply Current (Note 2) 

Power Down Current 
(Note 4) 
WOT enabled 

WOT disabled 

Standard Operating Conditions 
Operating temperature -40'C $TA$ +85'C for industrial and 

Sym 

Voo 

VOA 

VPOR 

Svoo 

loo 

o·c s TA s +70'C for commercial 

Min Typ * Max Units 

2.5 6.25 
4.5 5.5 

1.5 

Vss 

0.05* 

40 

4 12 
5 14 
0.6 9 
0.8 12 

v 
v 
v 

µA 

µA 

µA 
µA 
µA 
µA 

XT and RC options 
Fosc = 4 MHz, Voo = 5.5V 
HS option 
Fosc = 4 MHz, Voo = 5.5V 
LP option, Commercial 
Fosc = 32 KHz, Voo = 2.5V, WOT disabled 
LP option, Industrial 
Fosc = 32 KHz, Voo = 2.5V, WOT disabled 

Voo = 2.5V, Commercial 
Voo = 2.5V, Industrial 
Voo = 2.5V, Commercial 
Voo = 2.5V, Industrial 

Note 1: Data int e column labeled "Typical' is based on characterization results at 25'C. This data is for design 
guidance only and is not tested for, or guaranteed by Microchip Technology. 

Note 2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus 
loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on the 
current consumption. 
a) The test conditions for all loo measurements in active operation mode are: 

OSC1 =external square wave, from rail to rail; all 1/0 pins tristated, pulled to Voo, RT= Voo, MCLR = Voo; WOT 
enabled/disabled as specified. 
b) For stand-by current measurements, the conditions are the same, exceptthat the device is in SLEEP mode. 

Note 3: This is the limit to which Voo can be lowered in SLEEP mode without losing RAM data. 
Note 4: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 

measured with the part in SLEEP mode, with all 110 pins in hi-impedence state and tied to Voo and Vss. 
Note 5: Does not include current through Rext. The current through the resistor can be estimated by the formula 

Ir= Voo/2Rext (mA) with Rext in kOhm. 
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17.5 DC CHARACTERISTICS: PIC16C58A-04 
PIC16LC58A-04 
PIC16C58A-10 
PIC16C58A-20 

(COMMERCIAL, INDUSTRIAL) 
(COMMERCIAL, INDUSTRIAL) 
(COMMERCIAL, INDUSTRIAL) 
(COMMERCIAL, INDUSTRIAL) 

DC CHARACTERISTICS, Standard Operating Conditions 

ALL PINS EXCEPT POWER SUPPLY Operating temperature -40"C s TA s +85"C for industrial and 
o·c s TA s +1o·c for commercial 

Characteristic Sym Min Typ Max 
(Note 1) 

Input Low Voltage 
110 ports VIL Vss 0.2 Voe 

MCLR (Schmitt trigger) Vss 0.15 Voe 
RTCC (Schmitt trigger) Vss 0.15 Voe 
OSC1 (Schmitt trigger) Vss 
OSC1 Vss 
Input High Voltage 
110 ports VIH 0.2Voe+1V Voe 

2.0 

MCLR (Schmitt trigger) 0.85 Voe 
RTCC (Schmitt trigger) 0.85 Voe 
OSC1 (Schmitt trigger) 0.85 Voe RC option only (Note 5) 
OSC1 0.7 Voe v XT, HS and LP options 
Input Leakage Current For Voo $; 5.5V 
(Note 4) 
1/0 ports !IL -1 µA Vss 5 VPIN 5 Voe. 

Pin at hi-impedance 

MCLR µA VPIN = Vss + 0.25V (Note 3) 
MCLR 0.5 +5 µA VPIN = Voe (Note 3) 
RTCC 0.5 +3 µA Vss 5 VPIN 5 Voe 
OSC1 0.5 +3 µA Vss 5 VPIN 5 Voe ' 

XT, HS and LP options 

0.6 v IOL = 8.7 mA, Voe= 4.5V 
0.6 v IOL = 1.6 mA, Voe = 4.5V 

(RC option onl 
Output High olt 
1/0 Ports (Note Voo-0.7 v IOH = -5.4 mA, Voe = 4.5V 
OSC2/CLKOUT Voo-0.7 v IOH = -1.0 mA, Voe= 4.5V 
(RC option only) 

Note 1: Data in the column labeled 'Typical" is based on characterization results at 25"C. This data is for design guidance 
only and is not tested for, or guaranteed by Microchip Technology. 

Note 2 : Total power dissipation as stated under absolute maximum ratings must not be exceeded. 

Note 3 : The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels 
represent normal operating conditions. Higher leakage current may be measured at different input voltages. 

Note 4 : Negative current is defined as coming out of the pin. 
Note 5: In RC oscillator mode, the OSC1 pin is a Schmitt trigger input. It is not recommended that the PIC16C58A be 

driven with external clock in RC mode. 
Note 6: The user may use lower V1H voltage of the two specifications. 
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17.6 AC CHARACTERISTICS: PIC16C58A-04 
PIC16LC58A-04 
PIC16C58A-10 
PIC16C58A-20 

AC CHARACTERISTICS Standard Operating Conditions 

PIC16C58A 

(COMMERCIAL, INDUSTRIAL} 
(COMMERCIAL, INDUSTRIAL} 
(COMMERCIAL, INDUSTRIAL} 
(COMMERCIAL, INDUSTRIAL} 

Operating temperature -40'C :s; TA :s; +as·c for industrial and 

Characteristic 

External CLOCKIN 
Frequency (Note 2) 

Oscillator Frequency 
(Note2) 

Instruction Cycle Time 
(Note 2) 

External Clock In Timing 
(Note 4) 
Clock in (OSC1) high or low time 
XT oscillator configuration 
LP oscillator configuration 
HS oscillator configuration 
Clock in (OSC1) rise or fall time 
XT oscillator configuration 
LP oscillator configuration 
HS oscillator configuration 
RESET Timing 
MCLR pulse width low 
RTCC Input Timing, No Pre 
RTCC high pulse width 
RTCC low ulse width 
RTCC Input Timin , 

Sym 

Fosc 

Fosc 

Tcv 

TCKHLXT 

DC 
DC 
DC 
DC 
DC 
0.1 
4 
DC 
1.0 
1.0 
0.2 
20 

Min 

0.5 Tcv+ 20* 
0.5 rev+ 20• 

10* 
10* 

o·c :s; TA :s; +70'C for commercial 

Typ Max Units 
(Note 1) 

4 MHz 
4 MHz 
20 MHz 
200 

ns 
µs 
ns 

ns 
µs 
ns 

ns 

ns 
ns 

Conditions 

RC mode 
XT de 
H m de (Com/Ind) (Note 5) 

XTmode 
HS mode (Note 5) 
LP mode 

Note 3 
Note 3 

Note 3 
Note 3 

RTCC high pul 
RTCC lowpul 
RTCC period TRTP TCY +40 

ns 
ns 
ns Note 3. Where N = prescale 

value (2,4, ... , 256) N 

Watchdog Timer Timeout Period 
(No Prescaler) Twor 9* 18* 30* ms Voo = 5.0V 
Oscillation Start-up Timer Period TosT 9* 18* 30* ms Voo = 5.0V 

* Guaranteed by characterization, but not tested. (Cont. on next page) 
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17.6 AC CHARACTERISTICS: 
(Cont.) 

PIC16C58A-04 
PIC16LC58A-04 
PIC16C58A-10 
PIC16C58A-20 

(COMMERCIAL, INDUSTRIAL) 
(COMMERCIAL, INDUSTRIAL) 
(COMMERCIAL, INDUSTRIAL) 
(COMMERCIAL, INDUSTRIAL) 

AC CHARACTERISTICS Standard Operating Conditions 
Operating temperature -40°C s TA s +as·c for industrial and 

o·c s TA s +1o·c for commercial 

Characteristic Sym Min Typ Conditions 
(Note 1) 

1/0 Timing 
1/0 pin input valid before 
CLKOUT1' (RC Mode) Tos 0.25 Tcv+ 30* 
1/0 pin input hold after 
CLKOUTi (RC Mode) TOH o· 
1/0 pin output valid after 
CLKOUT J. (RC Mode) TPD 
1/0 pin input valid before osci 
(1/0 setup time) TioV2osH TBD 
OSC1 i to 1/0 pin input invalid TosH2ioL TBD 
(1/0 hold time) 
OSC1 i to 1/0 pin output valid TosH2ioV Voo = 5.0V 
OSC1 i to CLKOUT low TosH2ckL ns Voo = 5.0V 
OSC1 i to CLKOUT high TosH2ckH ns Voo = 5.0V 
1/0 pin input valid before CLKOUT high TioV2ckH ns Voo = 5.0V 
CLKOUT low to 1/0 valid ns Voo = 5.0V 
CLKOUT rise time 12 TBD ns Voo = 5.0V 
CLKOUT fall time 12 TBD ns Voo = 5.0V 
1/0 pin output rise time 17 TBD ns Voo = 5.0V 
1/0 in out ut fall time 10 TBD ns Voo = 5.0V 
Capacitive Loading Specs on Output P 
OSC2 pin 15 pF In XT, HS or LP modes when 

external clock is used to drive 
OSC1 

50 pF 

Note 1. Datai h~lu n ed "Typical' is based on characterization results at25'C. This data is for design guidance 
only a is n tested for, or guaranteed by Microchip Technology. 

Note 2. lnstructio r;yc period (Tcy) equals four times the input oscillator time base period. 
All specified lues are based on characterization data for that particular oscillator type under standard operating 
conditions with the device executing code. Exceeding these specified limits may result in an unstable oscillator 
operation and/or higher than expected current consumption. All devices are tested to operate at 'min.' values 
with an external clock applied to the OSC1 pin. 
When an external clock input is used, the 'Max.' cycle time limit is 'DC' (no clock) for all devices. 

Note 3. For a detailed explanation of RTCC input clock requirements see section 4.2.1. 
Note 4. Clock-in high-time is the duration for which clock input is at VIHOSC or higher. 

Clock-in low-time is the duration for which clock input is at VILOSC or lower. 
Note 5. This HS specification is only for the -20 device. The -1 O device has a maximum of 1 O MHz and the -04 device 

has a maximum of 4 MHz. 
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17.7 Electrical Structure of Pins 

FIGURE 17.1 • ELECTRICAL STRUCTURE OF 
1/0 PINS (RA and RB) 

Voo 

110 pin 

vss vss 

vss 

PIC16C58A 

FIGURE 17.2 • ELECTRICAL STRUCTURE 
OF MCLR AND RTCC PINS 

MCLR, 
RTCC 

vss vss 

Schmitt trigger 
Input buffer 

Notes to Figures 17 .1 and 17 .2: The diodes and the grounded 
gate (or output driver) NMOS device are carefully designed to 
protect against ESD (Electrostatic discharge) and EOS (Electri
cal overstress). Rin is a small resistance to further protect the 
input buffer from ESD. 
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18.0 TIMING DIAGRAMS 
FIGURE 18.1 • RTCC TIMING 

RTCC 

:..,..___ TRTL 
I 

TRTP 

FIGURE 18.2 ·OSCILLATOR START-UP TIMING (RC mode) 

I 

-· I I 
I 

MCLR ~--------
.....__Tcv~-Tcv ___ , 

CLKOUT 

DEVICE 
FUNCTION 

' ' ' ------------ ' ' TOST 

---- RESET----

T1 : T1 
' 

I I 

FETCH 1. INSTRUCTION ' FETCH 2. INSTRUCTION ' 
EXECUTE "FORCED" NOP : EXECUTE 1. INSTRUCTION : - - - - -

FIGURE 18.3 ·INPUT/OUTPUT TIMING FOR 1/0 PORTS 

OSC1 

CLKOUT 

l/O Pin 
(input) 

VO Pin 
(output) 

04 01 

f-----------1--<t-'"~"' !TosH2ckL 

r i-TckF 
i TioV2osH \TosH2ioL 

:.----.1 TckL2ioV -~---+< ' : 

TosH2ioV 

old value 

--: :.-
TioR, TioF 

Notes: 
1. All timings are tested with specified capacitive loads 
2. CLKOUT is available only in RC oscillator mode 
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19.0 DC AND AC CHARACTERISTICS GRAPHS/TABLES 

NOT AVAILABLE AT THIS TIME 

• 
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20.0 PACKAGING INFORMATION 

See Section 11 of the Data Book. 

20.1 Ptcl<aqe Marking !nfonnatlon 

08302259-page 40 

18LSOIC 

MMMMMMMMM 

MMMMMMMMM 

Q~AABB COE 

18L PDIP 

Example 

PIC16C58A-

04I/SO 

0~9351 CBK 

Example 

~ 
[ 

MMMMMMMMMMMMXXX 0 MMMMMMMMXXXXXXX 
~AABB CDE 

PIC16C58A-o 04I/P456 
~9336 CBA 

20LSSOP 

xxxxxxxx 
xxxxxxxx 
Q~AABB COE 

18L Cerdip 

Legend: MM ... M 
xx ... x 
AA 
BB 
c 

Example 

PIC16C58A 

lOI/218 

Q~9325 CBK 

Example 

p ~ 0 PIC16C58A 

M- 9340 CBA 

Microchip part number information 
Customer specific information* 
Year code (last 2 digits of calendar year) 
Week code (week of January 1 is week '01 ') 
Facility code of the plant at which wafer is manufactured. 
C =Chandler, Arizona, U.S.A. 

D Mask revision number 
E Assembly code of the plant or country of origin in which 

part was assembled. 

Note: In the event the full Microchip part number can not be marked on one 
line, it will be carried over to the next line thus limiting the number 
of available characters for customer specific information. 

•Standard OTP marking consists of Microchip part number, year code, week code, 
facility code, mask rev #, and assembly code. For OTP marking beyond this, 
certain price adders apply. Please check with your Microchip Sales Office. 
For OTP devices, any special marking adders are included in OTP price. 
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PDbit .................................•............................... 11,12 
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Prescaler (RTCC/WDT) ....................•............... 15, 17 
Program Counter ....................................................... 9 
Program memory map ...................••....•......•........... 10 
Programming information ........................................ 26 
QTP devices .............................................................. 5 
Real Time Clock/Counter (RTCC) ............. 6, 7, 15, 17 
RESET .................................................................... 16 
SLEEP ........•......................•.............••..............•....... 25 
Stack .......................................................•....•..••....•... 9 
Status register ....•......•.....................................••........ 9 
Timing diagrams 

110 pin ...........................•..•..•........•............• 14, 35 
Oscillator Start-up timing ........•.....•................... 35 
Power-On Reset ........................................ 23, 24 
RTCC liming ....................•..•.................... 7, 8, 35 

TObit ..........•............•.......................•.......•......••....•.•. 9 
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UV Erasable devices .........................•..............•....••.. 5 
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WDT ........................................................................ 20 
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CONNECTING TO MICROCHIP BBS 

Connect world wide to the Microchip BBS using the 
CompuServe communications network. In most cases 
a local call is your only expense. The Microchip BBS 
connection does not use CompuServe membership 
services, therefore you do NOT need CompuServe 
membership to join Microchip's BBS. 

The procedure to connect will vary slightly from country 
to country. Please check with your local CompuServe 
agent for details if you have a problem. CompuServe 
services allows multiple users at baud rates up to 9600. 

To connect: 

1. Set your modem to 8-bit, No parity, and One stop 
(8N1). This is not the normal CompuServe setting 
which is 7E1. 

2. Dial your local CompuServe phone number. 

3. Depress <ENTER> and a garbage string will appear 
because CompuServe is expecting a 7E1 setting. 

4. Type+ <ENTER> and Host Name: will appear. 

5. Type MCHIPBBS<ENTER> and you will be con
nected to the Microchip BBS. 

In the United States, to find CompuServe's phone num
ber closest to you set your modem to 7E1 and dial (800) 
848-4480 for 300-2400 baud or (800) 331-7166 for 9600 
baud connection. After the system responds with Host 

Name:, type 

NETWORK<ENTER> and follow CompuServe's direc
tions. 

For voice information (or calling from overseas), you 
may call (614) 457-1550 for your local CompuServe 
number. 

Trademarks: 

PIC is a registered trademark of Microchip Technology 
Incorporated in the U.S.A. 

The Microchip logo and name are trademarks of Microchip 
Technology Incorporated. 

PICMASTER, PRO MATE and PICSTARTare trademarks of 
Microchip Technology Incorporated. 

IBM PC and AT are registered trademarks of IBM Corpora
tion. 

MS DOS and Microsoft Windows are registered trademarks 
of Microsoft Corporation. 

CompuServe is a registered trademark of CompuServe Inc. 

All other trademarks mentioned herein are the property of 
their respective companies. 
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NOTES: 

• 
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PIC16C58A Product Identification System 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the listed 
sales offices below or contact Corporate Headquarters for the representative or distributor in your area. 

PART NO. -XX X /XX. XXX 
~....,... 

s 
P81tam: 3-Digil Pattern Code for QTP (factory specified) 

(blank for OTP and Wmdowed Parts) 

Package: p = PDIP(300nll) 
Examples: 
a) PIC16C58A - 04/P301 so= SOIC (Gull Wing, 300 mil body) = Commercial temp., SS = SSOP (209 miQ 

JN= Ceramic Window PDIP package, 
4 MHz, standard V co limits, y Temperature - = o· c ID +1o·c (T for tape/reel) OTP pattern # 301 

Range: I = -40' C ID +65'C (S for tape/reel) b) PIC16LC58A - 04 I/SO 
= Industrial temp., 

J Frequency 04 = 4MHz SOIC package, 
I Range: 10 = 10MHz 4 MHz, extended V DD limits 

20 = 20MHz c) PIC16C5BA • 2011P 

J Device: PIC16C58A : Standard Yoo range 
= Industrial temp., 
PDIP package, 

l PIC16LC58A : Extended V oo range 20 MHz, standard V DD limits 

Sales and Support 

Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and 
recommended workarounds. To detennine if an errata sheet exists for a particular device, please contact one of the following: 

1. Your local Microchip sales office (see below) 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Mlcrochlp's Bulletin Board, via your local Compuserve number. 

Please specify which device, revision of silicon and Data Sheet (Include Literature #) you are using. 

For latest version lnfonnatlon and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302. 

DS30225B-page 44 ~11@~ a UiJil a [fi)@[l'w C 1994 Microchip Technology Inc. 

2-180 



MICROCHIP PIC16CR57A 
ROM-Based 8-Bit CMOS Microcontroller 

FEATURES 

Compatibility 
• Pin and software compatible with PIC16C57 device 

High-Performance RISC-like CPU 
• Only 33 single word instructions to learn 
• All single cycle instructions (200 ns) except for pro

gram branches which are two-cycle 
• Operating speed: DC - 20 MHz clock input 

DC - 200ns instruction cycle 
• 12-bit wide instructions 
• 8-bit wide data path 
• 2K x 12 on-chip ROM program memory 
• 72 x 8 general purpose registers (SAAM) 
• Eight special function hardware registers 
• Two-level deep hardware stack 
• Direct, indirect and relative addressing modes for data 

and instructions 

Peripheral Features 
20 1/0 pins with individual direction control 
8-bit real time clock/counter (RTCC) with 8-bit pro
grammable prescaler 
Power-On Reset 
Oscillator Start-up Timer 
Watchdog Timer (WOT) with its own on-chip RC 
oscillator for reliable operation 
Security ROM fuse for code-protection 
Power saving SLEEP mode 
Mask selectable oscillator options: 
- Low-cost RC oscillator: RC 
- Standard crystal/resonator: XT 
- High-speed crystal/resonator: HS 
- Power saving low frequency crystal: LP 

CMOS Technology 
• Low-power, high-speed CMOS ROM technology 
• Fully static design 
• Wide-operating voltage range: 

- Commercial: 2.5V to 6.25V 
- Industrial: 2.5V to 6.25V 

• Low-power consumption 
- < 2mA typical @ 5V, 4 MHz 
- 15µA typical@ 3V, 32 KHz 
- < 3µA typical standby current (with WOT disabled) 

@ 3V, 0°C to 70°C 

FIGURE A- PIN CONFIGURATIONS 

PDIP,SOIC 

--RTCC •1 28 MCLR-
--... Voo 2 27 OSC1/CLKIN-

N/C 3 2S OSC2/CLKOUT--

-- Vss 4 "O 25 RC?-
N/C 5 0 24 RCS-

-RAO ..... 23 RCS-
-RA1 7 en 22 RC4----
----RA2 8 0 21 RC3----
----RA3 :0 20 RC2----
---ABO 10 U1 19 RC1----...... 
----RB1 11 :J> 18 RCO----
----RB2 12 17 RB7----
----RB3 13 16 RBS---
----RB4 14 15 RBS---

SSOP 

--vss •1 28 MCLR-

-- RTCC 2 27 OSC1/CLKIN-
__.. Voo 3 2S OSC2/CLKOUT --
_..Voo 4 "O 25 RC7----

---RAO 5 0 24 Res---
----RA1 ..... 23 RCS---
----RA2 7 en 22 RC4----
----RA3 8 0 21 RC3----
---ABO :0 20 RC2----
----RB1 10 U1 19 RC1----
----RB2 11 ...... 18 RCO----
----RB3 12 :J> 17 RB7----
----RB4 13 1S RBS---

--- Vss 14 15 RBS---
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1.0 GENERAL DESCRIPTION 

The PIC16CR57A from Microchip Technology is a new 
member of the family of low-cost, high-performance, 
8-bit, fully static, ROM based CMOS microcontrollers. 
This device is pin and software compatible with the 
PIC16C57. It employs a RISC-like architecture with only 
33 single word/single cycle instructions to learn. All 
instructions are single cycle (200ns) except for program 
branches which take two cycles. The PIC16CR57A 
delivers performance an order of magnitude higher than 
its competitors in similar price category. The 12-bit wide 
instructions are highly symmetrical resulting in 2: 1 code 
compression over other 8-bit microcontrollers in its 
class. The easy to use and easy to remember instruction 
set reduces development time significantly. 

The PIC16CR57A is equipped with special 
microcontroller-like features that reduce system cost 
and power requirements. The Power-On Reset and 
oscillator start up timer eliminate the need for external 
reset circuitry. There are four oscillator configurations to 
choose from, including power saving LP (Low Power) 
oscillator and cost saving RC oscillator. Power saving 
SLEEP mode, Watchdog Timer and code protection 
features improves system cost, power and reliablity. 

The PIC16CR57A is supported by an assembler, a 
software simulator, an in-circuit emulator and a produc
tion quality programmer. All the tools are supported by 
IBM PC and compatible machines. 

1.1 Applications 

PIC16CR57A 

2.0 ARCHITECTURAL DESCRIPTION 

2.1 Harvard Architecture 

The PIC16CR57A single-chip microcomputer is a low
power, high-speed, full static CMOS device containing 
ROM, RAM, 1/0, and a central processing unit on a 
single chip. 

The architecture is based on a register file concept with 
separate bus and memories for data and instructions 
(Harvard architecture). The data bus and memory (RAM) 
are 8-bits wide while the program bus and program 
memory (ROM) have a width of 12·bits. This concept 
allows a simple yet powerful instruction set designed to 
emphasize bit, byte and register operations under high 
speed with overlapping instruction fetch and execution 
cycles. That means that, while one instruction is ex
ecuted, the following instruction is already being read 
from the program memory. A block diagram of the 
PIC16CR57A is given in Figure 2.1. 

2.2 Clocking Scheme/Instruction Cycle 

The clock input (from pin OSC1) is internally divided by 
four to generate four non overlapping quadrature clocks 
namely 01, 02, 03 and 04. Internally, the PC is 
incremented every 01, an instruction is fetched from 
program memory and latched into instruction register in 
04. It is decoded and executed during the following 01 
through 04. The clocks and instruction execution flow 
is shown in Figure 2.2. 

The PIC16CR57A device fits perfectly in applications 
ranging from high-speed automotive and appliance mo
tor control to low-power remote transmitters/receivers, 
pointing devices, and telecom processors. The small 
footprint packages for through hole or surface mounting 
make this microcontroller perfect for all applications with 
space limitations. Low-cost, low-power, high perfor
mance, ease of use and 1/0 flexibility make the 
PIC16CR57A very versatile even in areas where no 
microcontroller use has been considered before (e.g. 
timer functions, replacement of 'glue' logic in larger 
systems, co-processor applications). 

TABLE 2.1 - PIN FUNCTIONS 

Name Function 

RAO-RA3 l/OPORTA 
RBO-RB7 l/OPORTB 
RCO-RC7 l/OPORTC 
RTCC Real Time Clock/Counter 
MCLR Master Clear 
OSC1/CLKIN Oscillator (input)/Extemal 

Clock Input 
OSC2/CLKOUT Oscillator (output) 
Voo Power supply 
Vss Ground 

TABLE 1.1 - OVERVIEW OF PIC16CR57A DEVICE 

Part# l ROM l RAM*j 1/0 J Package Options 

PIC16CR57Al 2048 x 121 so x s 1 20 l 28L PDIP (300 mil and 600 mil wide), 28L SOIC (300 mil), 28L SSOP . Including special function registers . 
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FIGURE 2.1 • PIC16CR57A SERIES BLOCK DIAGRAM 
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2.3 Data Register File 

The 8·bit data bus connects two basic functional ele· 
ments together: the Register File composed of 80 ad· 
dressable 8·bit registers including the 1/0 Ports, and an 
8·bit wide Arithmetic Logic Unit. The 32 bytes of RAM 
are directly addressable. A 'banking' scheme, with 
banks of 16 bytes each, is employed to address larger 
data memories (Figure 4.2). Data can be addressed 
direct, or indirect using the file select register. Immediate 
data addressing is supported by special 'literal' instruc
tions which load data from program memory into the W 
register. 

The register file is divided into two functional groups: 
operational registers and general purpose registers. 
The operational registers include the Real Time Clock 
Counter {RTCC) register, the Program Counter (PC), 
the Status Register, the 1/0 registers (PORTs), and the 
File Select Register. The general purpose registers are 
used for data and control information under command of 
the instructions. 

In addition, special purpose registers are used to control 
the 1/0 port configuration, and the prescaler options. 

2.4 Arithmetic/Logic Unit (ALU> 

The 8·bit wide ALU contains one temporary working 
register (W Register). It performs arithmetic and Bool· 
ean functions between data held in the W Register and 
any file register. It also does single operand operations 
on either the W register or any file register. 

2.5 Program Memory 

2048 words of 12·bit wide on-chip program memory 
(ROM) are available. The memory can be directly 
addressed in pages of 512 words. 

Sequencing of microinstructions is controlled via the 
Program Counter (PC) which automatically increments 
to execute in-line programs. Program control opera
tions, supporting direct, indirect, relative addressing 
modes, can be performed by Bit Test and Skip instruc
tions, Call instructions, Jump instructions or by loading 
computed addresses into the PC. In addition, an on-chip 
two-level stack is employed to provide easy to use 
subroutine nesting. 

PIC16CR57A 

3.0 PIC16CR57 A OVERVIEW 

A variety of oscillator types, frequency ranges and 
packaging options are available. Depending on applica
tion and production requirements the proper device 
option can be selected using the information and tables 
in this section. When placing orders, please use the 
'PIC16CR57A Product Identification System' on the 
back page of this data sheet to specify the correct part 
number. 
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4.0 OPERATIONAL REGISTER FILES 

4.1 Indirect Pata Addressing Ot:mfl 
This is not a physically implemented register. Address
ing INDF calls for the contents of the File Select Register 
to be used to select a file register. The INDF register is 
useful as an indirect address pointer. For example in the 
instruction ADDWF INDF, w will add the contents of the 
register pointed to by the FSR to the content of the W 
Register and place the result in W. 

If INDF itself Is read through indirect addressing (i.e. 
FSR=Oh),thenOOhisread. lfthelNDFregisteriswritten 
to via indirect addressing, the result will be a NOP. 

4.2 Real Time Clock/Counter Register 
{8IkC} 

This register can be loaded and read by the program as 
any other register. In addition, its contents can be 
incremented by an external signal edge applied to the 
RTCC pin, or by the internal instruction cycle clock 
(CLi<OUT=fosc/4). Figure 4.1 is a simplified block 
diagram of the RTCC module. 

An 8-bit prescaler can be assigned to the RTCC by 
writing the proper values to the PSA bit and the PS bits 
in the OPTION register. The OPTION register is a 
special register (not mapped in data memory) address
able using the 'OPTION' instruction. See section 7.5 for 
details. If the prescaler is assigned to the RTCC, 
instructions writing to the RTCC register (e.g.CLRF 
RTCC, or BSF RTCC, s, ... etc.) clears the prescaler. 

The bit "RTS" (RTCC signal Source) in the OPTION 
register determines, ifthe RTCC register is incremented 
internally or externally. 

RTS=1: The clock source for the RTCC or the pres
caler, if assigned to it, is the signal on the RTCC 
pin. Bit 4 of the OPTION register (RTE) deter
mines, if an increment occurs on the falling 
(RTE=1) or rising (RTE=O) edge of the signal 
presented to the RTCC pin. 

RTS=O: The RTCC register or its prescaler, respec
tively, will be incremented with the internal 
instruction clock(= Fosc/4). The "RTE" bit in 
the OPTION register and the RTCC pin are 
"don't care" in this case. The RTCC pin must 
not be left floating (tie to either Voo or Vss). 
Thispreventsunintendedenteringoftestmodes 
and reduces the current consumption in low
power applications. 

As long as clocks are applied to the RTCC (from internal 
or external source, with or without prescaler), the RTCC 
register keeps incrementing and just rolls over when the 
value "FFh" is reached. All increment pulses for the 
RTCC register are delayed by two instruction cycles. 

After writing to the RTCC register, for example, no 
increment takes place for the following two instruction 
cycles. This is independent if internal or external clock 
source is selected. If a prescaler is assigned to the 
RTCC, the output of the prescalerwiH be delayed by two 
cycles before the RTCC register is incremented. This is 
true for instructions that either write to or read-modify
write RTCC (e.g. MOVF RTCC, CLRF RTCC). For 
applications where RTCC needs to be tested for zero 
without affecting its count, use of MOVF RTCC, w 
instruction is recommended. Timing diagrams in Figure 
4.3 show RTCC read, write and increment timing. 

4.2.1 USING BTCC WITH EXTERNAL CLOCK 

When external clock input is used for RTCC, it is syn
chronized with the internal phase clocks. Therefore, the 
external clock input must meet certain requirements. 
Also there is some delay from the occurance of the 
external clock edge to the actual incrementing of RTCC. 
Referring to Figure 4.1, the synchronization is done after 
the prescaler. The output of the prescaler is sampled 
twice in every instruction cycle to detect rising or falling 
edges. Therefore, it is necessary for PSOUT to be high 
for at least 2 tosc and low for at least 2 tosc where: 

tosc = oscillator time period. 

When no prescaler js used, PSOUT (Prescaler output, 
see Figure 4.1) is the same as RTCC clock input and 
therefore the requirements are: 

TRTH RTCC high time ~ 2tosc + 20 ns 

TRTL RTCC low time ~ 2tosc + 20 ns 

When prescaler js used. the RTCC input is divided by the 
asynchronous ripple counter-type prescaler and so the 
prescaler output is symmetrical. 

Then: PSOUT high time= PSOUT low time=~ 
where TRT = RTCC input period and N = prescale value 

(2, 4, •••• , 256). The requirement is, therefore ~ 
~ 2 tosc + 20ns, or Tll'r.!: 4 tosc ~ 40 ns. 

The user will notice that no requirement on RTCC high 
time or low time is specified. However, if the high time 
or low time on RTCC is too small then the pulse may not 
be detected, hence a minimum high or low time of 10ns 
is required. In summary, the RTCC input requirements 
are: 

TRT RTCC period ~ (4 tosc + 40 ns)/N 

TRTH = RTCC high time ~ 10 ns 

TRTL = RTCC low time~ 10 ns 

Pelav from external clock e<ige: Since the prescaler 
output is synchronized with the internal clocks, there is 
a small delay from the time the external clock edge 
occurs to the time the RTCC is actually incremented. 
This delay is between 3 tosc and 7 tosc (See Figure 4.4). 
Thus, for example, measuring the interval between two 
edges (e.g. period) will be accurate within ±4 tosc (±200 
ns@20MHz). 
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FIGURE 4.1 - RTCC BLOCK DIAGRAM (SIMPLIFIED) 
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1. Bits, RTE, ATS, PS2, PS1, PSO are located in option register. 
2. The prescaler is shared with Watchdog Timer (see Figure 9.1 ). 

FIGURE 4.2- PIC16CR57A DATA MEMORY MAP 

ALE 
ADDRESS 

00 

01 

02 

03 

04 

05 

06 

07 

08 

09 

DA 

OB 

DC 

OD 

OE 

OF 

L A10 LA9JA8 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

1A 

18 

1C 

10 

1E 

1F 

7 6 5 4 3 2 1 0 

INDF(") 

RTCC 

PC 

STATUS 

FSR 

PORTA 

PORTS 

PORTC 

r- -
r- -

GENERAL 
t-- -

PURPOSE 

f- REGISTER -
r- -

ALE 
t-- -
r- -

Joo 

GENERAL 
PURPOSE 

REGISTER FILE 

BANKO 

CALL 10 9 8 7 8 5 4 3 2 
RETLW 

I STACK1 

t--

1 0 

1-1 
10 9 8 7 6543210 

STACK2 

7 6 5 4 3 2 1 0 

L 
L 

TO AND FROM 
REGISTER ALE 
VIA ALU 

BIT 6, 5 OF FSR: BANK SELECT 

Jo1 J!o 
30 50 

GENERAL 
PURPOSE 

REGISTER FILE 

BANK1 BANK2 

3F SF 

~ 
TRISB 

TRISC [ 

w 

L FROMP 

111 
70 

BANK3 

7F 

5·4 3 2 1 0 

OPTION 

ROGRAM MEMORY 

r) NOT A PHYSICALLY IMPLEMENTED REGISTER. SEE SECTION 4.0 FOR DETAILS 

C 1994 Microchip Technology Inc. lPIT'®~amroa[fi)ffil!J'W 05302198-page 7 

2-187 

• 



PIC16CR57A 

FIGURE 4.3A • RTCC TIMING: INT CLOCK/NO PRESCALE 
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4.3 Progra~ Counter 

The program counter generates the addresses for on
chip ROM containing the program instruction words 
(Figure 4.5). 

The program counter is set to all "1 "s upon a RESET 
condition. During program execution it is auto 
incremented with each instruction unless the result of 
that instruction changes the PC itself: 

a) GOTO instructions allow the direct loading of the 
lower nine program counter bits (PC <8:0>). The 
upper 2-bits of PC (PC<10:9>) are loaded with page 
select bits PA 1, PAO (bits6,5 status register). Thus 
GOTO allows jump to any location on any page. 

b) CALL instructions load the lower 8-bits of the PC 
directly while the ninth bit is cleared to "O". The PC 
value, incremented by one, will be pushed into the 
stack. The upper two bits of PC (PC<10:9>) are 
loaded with Page Select bits PA1, PAO (STATUS 
<6:5>). 

c) RETLW instructions load the program counter with 
the top of stack contents. 

d) If the PC is the destination in any instruction (e.g. 
MOVWF PC' ADDWF PC' or BSF PC' 5) then the 
computed 8-bit result will be loaded into the low 8· 
bits of program counter. The ninth bit of PC will be 
cleared. PC<10:9> will be loaded with Page Select 
bits PA1, PAO (STATUS <6:5>). 

It should be noted that because bit 8 (ninth bit) of PC is 
cleared in CALL instruction or any instruction which 
writes to the PC (e.g. MOVWF PC), all subroutine calls or 
computed jumps are limited to the first 256 locations of 
any program memory page (512 words long). 

Incrementing the program counter when it is pointing to 
the last address of a selected memory page is also 
possible and will cause the program to continue in the 
next higher page. However, the page pre-select bits in 
the STATUS register will not be changed, and the next 
GOTO, CALL, ADDWF PC, MOVWF PC instruction will 
return to the previous page, unless the page pre-select 
bits have been updated under program control. For 
example, a NOP at location "1 FP (page 0) increments 
the PC to "200" (page 1). A "GOTO xxx" at "200" will 
return the program to address "xxx" on page "O" (assum· 
ing that the page preselect bits in The STATUS register 
are "O"). 

Upon a RESET condition, page 0 is pre-selected while 
the program counter addresses the last location in the 
last page. Thus, a GOTO instruction at this location will 
automatically cause the program to continue in page 0. 

PIC16CR57A 

4.4 Stack 

The PIC16CR57A series employs a two-level hardware 
push/pop stack (Figure 4.5). 

The CALL instruction pushes the current program 
counter value, incremented by "1 ", into stack level 1. 
Stack level 1 is automatically pushed to level 2. If more 
than 2 subsequent "CALL"s are executed, only the most 
recent two return addresses are stored. 

The page preselect bits of the STATUS register will be 
loaded into the most significant bits of the program 
counter. The ninth bit is always cleared to ·o· upon a 
CALL instruction. This means that subroutine entry 
addresses have to be located always within the lower 
half of a memory page (addresses 000-0FF, 200·2FF, 
400·4FF, 600-6FF). However, as the stack has the 
same width as the PC, subroutines can be called from 
anywhere in the program. 

The RETLW instruction loads the contents of stack level 
1 into the program counter while stack level 2 gets 
copied into level 1. If more than twosubsequent"RETLw"s 
are executed, the stack will be filled with the address 
previously stored in level 2. The return will be always to 
the page from where the subroutine was called, regard
less of the current setting of the page pre-select bits in 
the STATUS register. Note that the W register will be 
loaded with the literal value specified in the RETLW 
instruction. This is particularly useful for the implemen
tation of "data" tables within the program memory. 

4.5 Status Word Register 

This register contains the arithmetic status of the ALU, 
the RESET status, and page preselect bits for program 
memory. 

The STATUS register can be destination for any instruc
tion like any other register. However, the status bits are 

setafterthewrite. Furthermore, TO and PD bits are not 
writable. Therefore, the result of an instruction with 
status register as destination may be different than 
intended. For example, CLRF STATUS will clear all bits 

- -
except for TO and PD and then set the Z bit and leave 
status register as OOOUU100 (where U =unchanged). 

It is recommended, therefore, that only BCF, BSF and 
MOVWF instructions are used to alter the status registers 
because these instructions do not affect any status bit. 

For other instructions, affecting any status bits, see 
Section "Instruction Set Summary' (Table 10.1). 
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4.5.1 CARRY/BORROW AND DIGIT CARRY/ 
BORROW BITS: 

The Carry bit (C) is a carry out in addition operation 

(ADDWF) and a borrow out in subtract operation (SUBWF). 

It is also affected by RRF and RLF instructions. The 
following examples explain carry/borrow bit operation: 

clrf Oxlf 
movlw 1 
subwf Oxlf 

movlw OxFF 
movwf OxlF 
clrw 
subwf OxlF 

;SUBWF Example #1 . 
;f (lfh)=O 
;wreg=l 
;f(lfh) =f(lfh)
;wreg=O-l=FFh 
;Carry=O: Result is 

negative 

;sUBWF Example #2 

;f (OxlF)=FFh 
;wreg=O 
;f (OxlF)=f (OxlF)- wreg 
;=FFh-O=FFh 

, ;Carry=l:Result is 
positive 

The digit carry operates in the same way as the carry bit, 
i.e. it is a borrow in subtract operation. 

FIGURE 4.5 ·PROGRAM MEMORY 
ORGANIZATION 

GOTO, CAll, INST WITH PC AS 
DESTINATION - FROM STATUS<e> 

GOTO, CALL, INST WITH PC AS 
DESTINATION - FROM STATUS<5> 

GOTO - DIRECT FROM 
INSTRUCTION WORD 
CAll, INST WITH PC AS 
DESTINATION - ALWAYS 'O' 

GOTO, CALL - DIRECT FROM 
INSTRUCTION WORD 
INST WITH PC AS 
DESTINATION - FROM ALU 

RETLW, 

PC A10 A9 A8 A<7:0> 

8 

CALL STACK LEVEL 1 

11 BIT STACK LEVEL 2 

2 

000 

OFF 
00 

PAGEO 
100 

1FF 

200 

01 
2FF 

PAGE1 
300 

3FF 

400 

4FF 
10 

PAGE2 
500 

5FF 

600 

11 
&FF 

PAGE3 
700 

7FF 
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FIGURE 4.6 - STATUS WORD REGISTER 

RESET CONDITION: 
PA2,PA1, PAO cleared to 'O'. 

l PA2 l PA1 PAO l TO JPDI ziccic] TO, PD are set or reset as shown in Table 4.1 
Z, DC, C are unknown on power on reset and 
unchanged in any other reset. ~ 

© 1994 Microchip Technology Inc. 

ttO r CARRY/BORROW BIT: 
For ADDWF and SUBWF instructions, this bit is set if there is a 
carry out from the most significant bit of the resultant. 
Note that a subtraction is executed by adding the two's 
complement of the second operand. For rotate (RAF, ALF) 
instructions, this bit is loaded with either the high or low order bit 
of the source register. 

DIGIT CARRY/BORROW BIT: 
For ADDWF and SUBWF instructions, this bit is set tt there is a 
carry out from the 4th low order bit of the resultant. 

ZERO BIT: 
Set if the result of an arithmetic or logic operation is zero. 

POWER DOWN BIT: 
Set to '1' during power up or by a CLRWDT command. This bit 
is reset to •o• by a SLEEP instruction. 

TIME-OUT BIT: 
Set to '1' during power up and by the CLRWDT and SLEEP 
command. This bit is reset to 'O' by a watchdog timer time out. 

PAGE PRESELECTS BITS: 
00 Page o (000 - 1 FF) 
01 Page 1 (200 - 3FF) 
10 Page 2 (400 - 5FF) 
11 Page 3 (600 - 7FF) 

BIT 7: General purpose read/write bit 
(reserved for future use) 

[?}lJ'®~ o ITi1il o ITD®IT'W 
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4.5.2 TIME OUT AND POWER DOWN STATUS 

BITS/TO PDl 

The TO and· PD bits in the STATUS register can be 
tested to detennine if a RESET condition has been 
caused by a watchdog timer time-out, a power-up con
dition, or a wake-up from SLEEP by the Watchdog Timer 

orMCLR pin. 

These status bits are only affected by events listed in 
Table4.1. 

TABLE 4.1 - EVENTS AFFECTING PD/TO 
STATUS BITS 

Event TO PD Remarks 

Power-up 1 1 
WOT Timeout 0 x No effect on PD 
SLEEP instruction 1 0 
CLRWDT instruction 1 1 
Note: A WOT umeout wiH occur regardless of the status ol the TO 

bit. A SLEEP instruction will be executed, regardless of the 
status of the Rl bit. Table 4.2 reflects the status ol l'D and 

TO alter the corresponding event. 

TABLE 4.2 - PD/TO STATUS AFTER RESET 

-
TO PD RESET was caused by 

0 0 WOT wake-up from SLEEP 

0 1 WOT time-out (not during SLEEP) 

1 0 MCLR wake-up from SLEEP 

1 1 Power-up 
u u Low pulse on MCLR input 

Note: The l'D 8nd TO bit maintain their status (U) until an event 
o1Table4.1 occurs. Alow-pulseonthe~ inputdoes 
not change the fiD and TO status bits. 

4.5.3 PROGRAM PAGE PRESELECT 

Bits 5-6 of the STATUS register are defined as page 
address bits PA<1 :O>, and are used to preselect a 
program memory page. When executing a GOTO, CALL, 
or an instruction with PC as destination (e.g.MOVWF PC), 
PA<1:0> are loaded into bit A<10:9> of the program 
counter, selecting one of the available program memory 
pages. The direct address specified in the instruction is 
only valid within this particular memory page. 

RETLW instructions do not change the page preselect 
bits. 

Upon a RESET condition, PA<2:0> are cleared to "O"s. 

4.6 File Select Register (FSR) 

Bits o-4 select one of the 32 available file registers in the 
indirect addressing mode {that is, calling for the INDF 
register in any of the file oriented instructions). 
Bits 5-7 of the FSA are read-only and are always read as 
'one's. 
If no indirect addressing is used, the FSA can be used 
as a 5-bit wide general purpose register. 
Bits 5 and 6 of the FSA select the current data memory 
bank (Figure 4.2). 

The lower 16 bytes of each bank are physically identical 
and are always selected when bit 4 of the FSA (in case 
of indirect addressing) is "O", or bit 4 of the direct file 
register address of the currently executing instruction is 
"0" (e.g. MOVWF DATAMEM). 

Only if bit 4 in the above mentioned cases is "1 ", bits 5 
and 6 of the FSA select one of the four available register 
banks with 16 bytes each. 

Bit 7 is read-only and is always read as "one." 
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5.0 110 REGISTERS (PORTS) 

The 1/0 registers can be written and read under program 
control like any other register of the register file. How
ever, 'read' instructions (e.g. MOVF PORTE, w) always 
read the 1/0 pins, regardless if a pin is defined as "input• 
or 'output.• Upon a RESET condition, all 1/0 ports are 
defined as 'input' (= high impedance mode) as the 1/0 
control registers (TRISA, TRISB and TRISC) are all set 
to "ones.' 

The execution of a 'TRIS f' instruction with corre
sponding "zeros' in the W-register is necessary to define 
any of the 1/0 pins as output. 

5.1 PORT A 

4-bit 1/0 register. Low order 4-bits only are used (RAO -
RA3). Bits 4 - 7 are unimplemented and read as "zeros." 

5.2 PORT B 

8-bit 1/0 register. 

5.3 PORTC 

8-bit 1/0 Register. 

FIGURE 5.1 - EQUIVALENT CIRCUIT FOR A 
SINGLE 1/0 PIN 

FROM D 
DATA BUS 

DATA 
LATCH 

"WRITE" CK 

TO DATA 
BUS 

FROM 
W-REGISTER 

"TRIS I" 

"READ" 

D Q 
1/0 

CONTROL 
LATCH 

CK SET Q 

"RESET" 

Voo 

p 

02 

1/0 
PIN 

PIC16CR57A 

5.4 1/0 Interfacing 

The equivalent circuit for an 1/0 port bit is shown in 
Figure 5.1. All ports may be used for both input and 
output operations. For input operations these ports are 
non-latching. Any input must be present until read by an 
input instruction (e.g. MOVF PORTB, w). The outputs are 
latched and remain unchanged until the output latch is 
rewritten. To use a port pin as output, the corresponding 
direction control bit (in TRISA, TRISB, TRISC) must be 
set to zero. For use as an input, the corresponding TRIS 
bit must be 'one'. Any 1/0 pin can be programmed 
individually as input or output. 

5.5 1/0 Programming Considerations 

5.5.1 BIDIRECTIONAL 1/0 PORTS 

Some instructions operate internally as read followed by 
write operations. The BCF and BSF instructions, for 
example, read the entire port into the CPU, execute the 
bit operation, and re-output the result. Caution must be 
used when these instructions are applied to a port where 
one or more pins are used as input/outputs. For ex
ample, a BSF operation on bit 5 of PORTB will cause all 
eight bits of PORTB to be read into the CPU. Then the 
BSF operation takes place on bit 5 and PORTB is re
output to the output latches. If another bit of PORTB is 
used as a bidirectional 1/0 pin (say bit 0) and it is defined 
as an input at this time, the input signal present on the pin 
itself would be read into the CPU and re-written to the 
data latch of this particular pin, overwriting the previous 
content. As long as the pin stays in the input mode, no 
problem occurs. However, if bit O is switched into output 
mode later on, the content of the data latch may now be 
unknown. 

A pin actively outputting a "O" or" 1' should not be driven 
from external devices at the same time in order to 
change the level on this pin ('wired-or', 'wired-and"). 
The resulting high output currents may damage the chip. 
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5.5.2 SUCCESSIVE OPERATIONS ON 1/0 PORTS 

The actual write to an 110 port happens at the end of an 
instruction cycle, whereas for reading, the data must be 
valid at the beginning of the instruction cycle (see 
Figure 5.2). Therefore, care must be exercised if a write 
followed by a read operation is carried out on the same 
110 port. The sequence of instructions should be such to 
allow the pin voltage to stabilize (load dependent) before 
the next instruction which causes that file to be read into 
the CPU is executed. Otherwise, the previous state of 
that pin may be read into the CPU rather than the new 
state. When in doubt, it is better to separate these 
instructions with a NOP or an other instruction not 
accessing this 1/0 port. 

6.0 GENERAL PURPOSE REGISTERS 

FIGURE 5.2 - 110 PORT READ/WRITE TIMING 

fOBh -fOFh: 

f10h - f1 Fh: 

f20h -f2Fh: 
f30h -f3Fh: 

f40h -f4Fh: 
f50h -f5Fh: 

f60h -f6Fh: 
f70h -f7Fh: 

are general purpose register files which 
are always selected, independent of bank 
select. 
general purpose register files in memory 
bankO. 
physically identical to fOO - fOF. 
general purpose register files in memory 
bank 1. 
physically identical to fOO - fOF. 
general purpose register files in memory 
bank2. 
physically identical to fOO - fOF. 
general purpose register files in memory 
bank3. 

:rn1~1rn1~:rn1~1rn1~:rn1~1001~:rn1~1001~: Note: 

FC ~ FC X PC+1 X PC+2 X PC+3 
Instruction 1 MOVWF PORTS 1 MOVF PORTS, W 1 NOP NOP 

fetched 1 Write to Read PORTS 
PORTS 

RB(7:0) I ~ I 
~,~~~~~-..~~~~~--.,r""!,~f~P-o_rt_p-in~~r:~~~~~-

' I I 
, , sampled here , 
~ ~ 

Execute 1 TPD Execute 
I MOVWF PORTS I MOVF PORTS, w I 
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Execute 
NOP 

This example shows write to 
port B followed by a read 
from port B. Note that the 
data setup time = (0.25 TCY 
- TPD) where TCY = 
instruction cycle. Therefore, 
at higher clock frequencies, 
write followed by a read 
may be problematic. 
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7.0 SPECIAL PURPOSE REGISTERS 

7.1 W. Working Register 

Holds second operand in two operand instructions and/ 
or supports the internal data transfer. 

7.2 ~ VO Control Register For 
PORTA 

Only bits o -3 are available. PORT A is only 4-bits wide. 

7.3 IBlS8. VO Control Register For 
.fQBia 

The 1/0 control register will be loaded with the content of 
the W register by executing of the TRIS PORT B 
instruction. A '1 ' in the 1/0 control register puts the 
corresponding 1/0 pin into a high impedance mode. 
A ·o· puts the contents of file register PORTB out on the 
selected 1/0 pins. 

This register is 'write-only' and is set to all 'ones' upon 
a RESET condition. 

FIGURE 7.1 - OPTION REGISTER 

5 4 3 2 1 0 

[ RTS l RTE j PSA ] PS2] PS1 j PSO 

\ 

PRESCALER VALUE 

0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 

I 

7.4~ 

PIC16CR57A 

VO Control Register For 
~ 

The 1/0 control register will be loaded with the content of 
the W register by executing of the TRIS PORT c 
instruction. A •1 • in the 1/0 control register puts the 
corresponding 1/0 pin into a high impedance mode. A •o• 
puts the contents of the PORTC registe out on the 
selected 1/0 pins. 

This register is "write-only" and is set to all "ones" upon 
a RESET condition. 

7.5 OPTION prescaler/RTCC ODtion 
Register 

Defines prescaler assignment (RTCC or WOT), pres
caler value, signal source and signal edge for the RTCC. 
The OPTION register is 'write-only' and is 6 bit wide. 

By executing the 'OPTION' instruction, the contents of 
the 'W' register will be transferred to the option register. 
Upon a RESET condition, the option register is set to all 
•ones.• 

RESETVALUE: 111111b 

RTCC RATE WDT RATE 

1 : 2 
1 : 4 
1 : 8 
1 : 16 
1 : 32 
1 : 64 
1 : 128 
1 : 256 

1 : 1 
1 : 2 
1 : 4 
1 : 8 
1 : 16 
1 : 32 
1 : 64 
1 : 128 

~------- PRESCALER ASSIGNMENT BIT: 
0 .... RTCC 
1 .... WOT 

RTCC SIGNAL EDGE: 
O .... INCREMENT ON LOW-TO-HIGH TRANSITION ON RTCC PIN 
1 .... INCREMENT ON HIGH-TO-LOW TRANSITION ON RTCC PIN 

'-------------- RTCC SIGNAL SOURCE: 
O .... INTERNAL INSTRUCTION CYCLE CLOCK (CLKOUT) 
1 .... TRANSITION ON RTCC PIN 

© 1994 Microchip Technology Inc. ~IT'®~DITITilDlTil®IT'W DS30219B-page 15 

2~195 

• 



PIC16CR57A 

8.0 RESET CONDITION 

A RESET condition can be caused by applying power to 

the chip (power-up), pulling the MClR input 'low", or by 
a Watchdog Timer timeout. The device will stay in 
RESET as long as the Oscillator Start-up Timer (OST) is 

active or the MClR input is 'low.• 

The Oscillator Start-up Timer is activated as soon as 

MClR input is sensed to be J'l!.g!:!,_ This implies that in 
case of Power-On Reset with MClR tied to Voo the OST 
starts from power-up. In case of WOT time-out, it will 

start at the end of the time-out (since MClR is high). In 

case of MClR reset, the OST will start when MClR goes 
high. The nominal OST time-out period is 1 Bms. See 
Section 13.0fordetailed information on OST and Power
On Reset. 

During a RESET condition the state of the PIC16CR57A 
is defined as : 

The oscillator is running, or will be started (power
up or wake-up from SLEEP). 

All 1/0 port pins (RAO - RA3, ABO - RB7, and RCO
RC7) are put into the high-impedance state by 
setting the 'TRIS" registers to all 'ones' (= input 
mode). 

The Program Counter is set to all 'ones" (1 FFh). 

The OPTION register is set to all 'ones'. 

The Watchdog Timer and its prescaler are cleared. 

The upper three bits (page select bits) in the Status 
Register are cleared to 'zero.• 

'RC' mode only: The 'CLKOUT' signal on the 
OSC2 pin is held at a"low' level. 

TABLE 8-1: RESET CONDITION FOR REGISTERS (PIC16CR5XA): 

Register Address 

w -
TRISA -
TRISB -
TRISC -
OPTION -
INDF OOh 

RTCC 01h 

PC 02h 

STATUS 03h 

FSA 04h 

PORTA 05h 

PORTS 06h 

PORTC 07h 

Legend: u = unchanged 
x = unknown 

• Power-on Reset 

xxxx xxxx 
---- 1111 

1111 1111 

1111 1111 

--11 1111 

-
xxxx xxxx 
lFF/7FFh 

0001 lxxx 

xxxx xxxx 

xxxx xxxx 

xxxx xxxx 

xxxx xxxx 

- = unimplemented bit, reads as 'O' 

• MClR Reset during: 
- normal operation 
-SLEEP 

• WOT timeout during normal 
operation 

uuuu uuuu 

---- 1111 

1111 1111 

1111 1111 

--11 1111 

-
uuuu uuuu 

OOOh 

000? ?uuu 

uuuu uuuu 

uuuu uuuu 

uuuu uuuu 

uuuu uuuu 

? = value of TO, PD bits depend on condition 

DS30219B-page 16 [iVO'®~ o [ljjj) o [ij]@D'W 
2-196 

• Wake up from SLEEP 
through WOT timeout 

uuuu uuuu 

---- uuuu 

uuuu uuuu 

uuuu uuuu 

--uu uuuu 

-

uuuu uuuu 

PC + 1 

uuuO Ouuu 

uuuu uuuu 

uuuu uuuu 

uuuu uuuu 

uuuu uuuu 
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9.0 PRESCALER 

An 8-bit counter is available as a prescalerforthe RTCC, 
or as a post-scaler forthe Watchdog Timer, respectively 
(Figure 9.1 ). For simplicity, this counter is being referred 
to as 'prescaler" throughout this data sheet. Note that 
there is only one prescaler available which is mutually 
exclusively shared between the RTCC and the Watch
dog Timer. Thus, a prescaler assignment for the RTCC 
means that there is no prescaler for the Watchdog 
Timer, and vice-versa. 

The PSA and PSO-PS2 bits in the OPTION register 
determine the prescaler assignment and pre-scale ratio. 
When assigned to the RTCC, all instructions writing to 
the RTCC (e.g. CLRF RTCC. MOVWF RTCC. BSF 
RTCC, x .... etc.) will clear the prescaler. When assigned 
to WOT, a CLRWDT instruction will clear the prescaler 
along with the Watchdog Timer. 

9.1 Switching Prescaler Assignment 

CHANGING PRESCALER FROM RTCC TO WOT 

The prescaler assignment is fully under software con
trol, i.e., it can be changed "on the fly' during program 
execution. To avoid an unintended device RESET, the 
following instruction sequence must be executed when 
changing the prescaler assignment from RTCC to WOT: 

PIC16CR57A 

1. MOVLW B'xxOxOxxx' ; Select internal clock and select new 
2. OPTION ; prescaler value. If new prescale value 

3. CLRF 1 

; is = '000' or '001 ', then select any other 
; prescale value temporarily. 
; Clear RTCC and~-

4. MOVLW B'xxxx1 xxx' ; Select WOT, do not change prescale 
; value. 

5. OPTION 
6.CLRWOT 

[
7. MOVLW B'xxxx1xxx' 
8. OPTION 

; Clears WOT and~
; Select new prescale value. 

Steps 1 and 2 are only required if an external RTCC 
source is used. Steps 7 and 8 are necessary only if the 
desired prescale value is '000' or '001 '. 

CHANGING PRESCALER FROM WOT TO RTCC 

To change prescaler from WOT to RTCC use the follow
ing sequence: 

1. CLRWOT ; Clear WOT and~ 
2. MOVLW B'XXXXOxxx' ; Select RTCC, new prescale value 

; and clock source 
3. OPTION 

FIGURE 9.1 - BLOCK DIAGRAM RTCC/WDT PRESCALER 

CLKOUT (=Fosc/4) ---t...---------------, DATA BUS 

WATCH 
DOG 

TIMER 

WOT ENABLE 
EPROMFUSE 
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M 
u 
x 

ATS 

0 

WOT 
TIMEOUT 

M 
u 
x 

PSA 

8 

SYNC 
2 RTCC 

CYCLES 

PSO-PS2 

Note: RTE, RTS, PSA, PSO-PS2 
are bits in the OPTION register. 
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10.0 BASIC INSTRUCTION SET 
SUMMARY 

Each instruction is a 12-bitword divided into an OPCODE 
which specifies the instruction type and one or more 
operands which further specify the operation of the 
instruction. The instruction set summary in Table 10.1 
lists byte-oriented, bit-oriented, and literal and control 
operations. 

For byte-oriented instructions, "f' represents a file regis
ter designator and 'd' represents a destination designa
tor. The file register designator specifies which one of 
the 32 file registers is to be utilized by the instruction. 

The destination designator specifies where the result of 
the operation is to be placed. If "d' is zero, the result is 
placed in the W register. If "d" is one, the result is placed 
in the file register specified in the instruction. 

For bit-oriented instructions, 'b' represents a bit field 
designator which selects the number of the bit affected 
by the operation, while •r represents the number of the 
file in which the bit is located. 

For literal and control operations, "k' represents an eight 
or nine bit constant or literal value. 

All instructions are executed within one single instruc
tion cycle, unless a conditional test is true or the program 
counter is changed as a result of an instruction. In this 
case, the execution takes two instruction cycles. One 
instruction cycle consists off our oscillator periods. Thus, 
for an oscillator frequency of 4 MHz, the normal instruc
tion execution time is 1 µsec. If a conditional test is true 
or the program counter is changed as a result of an 
instruction, the instruction execution time is 2 µsec. 

Notes to Table 10.1 

Note 1: The 9th bit of the program counter will be forced 
to a "zero• by any instruction that writes to the 
PC except for GOTO (e.g. CALL, MOVWF PC 

etc.). See Section 4.3 for details. 
Note 2: When an 1/0 register is modified as a function of 

itself (e.g. MOVF PORTB, 1 ), the value used will 
be that value present on the pins themselves. 
For example, if the data latch is •1 • for a pin 
configured as output and is driven low by an 
external device, the data will be written back 
with a 'O'. 

Note 3: The instruction 'TRIS f', where f =PORTA, 
PORTB, or PORTC causes the contents of the 
W register to be written to the tristate latches of 
the specified file (port). A "one" forces the pin to 
a high impedance state and disables the output 
buffers. 

Note 4: If this instruction is executed on The RTCC 
register (and, where applicable, d=1 ), the pres
caler will be cleared if assigned to the RTCC. 
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TABLE 10.1 - INSTRUCTION SET SUMMARY 

(11-6) (5) (4 - 0) 
BYTE-ORIENTED FILE REGISTER OPERATIONS I OPCODE I d I f(FILE #) I 

d = O for destination W 
d = 1 for destination f 

Instruction-Binary (Hex) Name Mnemonic, Operands Operation Status Affected Notes 

0001 lldf ffff lCf Add Wand f ADDWF 
'· d 

W+f~d C,DC,Z 1,2,4 
0001 Oldf ffff 14f ANDWandf ANDWF 

'· d 
W&f~d z 2,4 

0000 Ollf fff f 06f Clear f CLRF I 0~1 z 4 
0000 0100 0000 040 ClearW CLRW - o~w z 
0010 Oldf ff ff 24f Complement f CDMF 

'· d 
f~d z 2,4 

0000 lldf ffff OCf Decrement! DECF 
'· d 

f-1 ~ d z 2,4 
.. 

0010 lldf ff ff 2Cf Decrement !,Skip if Zero DECFSZ 
'· d 

f-1 ~ d, skip if zero None 2,4 
0010 lOdf ff ff 28f Increment f INCF 

'· d 
f + 1 ~d z 2,4 

0011 lldf ff ff 3Cf Increment f,Skip if zero INCFSZ 
'· d 

f + 1 ~ d, skip if zero None 2,4 
0001 OOdf ffff lOf Inclusive OR Wand f IORWF 

'· d 
Wvf~d z 2,4 

0010 OOdf ffff 20f Move f MOVF 
'· d 

f~d z 2,4 
0000 OOlf ffff 02f Move Wto f MOVWF I w~1 None 1,4 
0000 0000 0000 000 No Operation NOP - - None 
0011 Oldf ffff 34f Rotate left f RLF 

'· d 
f(n) ~ d(n+1), C ~ d(O), 1(7) ~ C c 2,4 

0011 OOdf ffff 30f Rotate right f RRF 
'· d 

f(n) ~ d(n-1 ), C ~ d(7), f(O) ~ C c 2,4 

0000 lOdf ffff OBf Subtract W from f SUBWF 
'· d 

f - w ~ d [f + w + 1 ~ d] C,DC,Z 1,2,4 
0011 lOdf ffff 38f Swap halves f SWAPF f, d f(0-3) tt 1(4-7) ~ d None 2,4 
0001 lOdf ffff lBf Exclusive OR W and f XORWF 

'· d 
W$f~d z 2,4 

(11-8) (7-5) (4 - 0) 
BIT-ORIENTED FILE REGISTER OPERATIONS I OPCODE I b(BIT #)I f(FILE #) I 

Instruction-Binary (Hex) Name Mnemonic, Operands Operation Status Affected Notes 

0100 bbbf ff ff 4bf Bit Clear f BCF 
'· b 

O~f(b) None 2,4 
0101 bbbf ffff 5bf Bit Set f BSF 

'· b 
1 ~f(b) None 2,4 

0110 bbbf ffff 6bf Bit Test f,Skip if Clear BTFSC I, b Test bit (b) in file (f): Skip if clear None 
0111 bbbf ffff 7bf Bit Test f, Skip if Set BTFSS I, b Test bit (b) in file (f): Skip if set None 

(11-8) (7 - 0) 
LITERAL AND CONTROL OPERATIONS I OPCODE I k (LITERAL) I 

Instruction-Binary (Hex) Name Mnemonic, Operands Operation Status Affected Notes 

1110 kkkk kkkk Ekk AND Literal and W ANDLW k k&w~w z 
1001 kkkk kkkk 9kk Call subroutine CALL k PC + 1 ~ Stack, k ~ PC None 1 

0000 0000 0100 004 Clear Watchdog timer CLRWDT - O ~WOT (and prescaler, if assigned) TO/PD 
101 k kkkk kkkk Akk Go To address (k is 9 bit) GOTO k k ~ PC (9 bits) None 
1101 kkkk kkkk Dkk Incl. OR Literal and W IORLW k kvw~w z 
1100 kkkk kkkk Ckk Move Literal to W MOVLW k k~W None 
0000 0000 0010 002 Load OPTION register OPTION - W ~ OPTION register None 
1000 kkkk kkkk Bkk Return.place Literal in W RETLW k k ~ W, Stack ~ PC None 

0000 0000 0011 003 Go into standby mode SLEEP - o ~WOT, stop oscillator TilRri 
0000 0000 Offf OOf Tristate port f TRIS I w~ 1/0 control register f None 3 
1111 kkkk kkkk Fkk Exel. OR Literal and W XORLW k k$W~W z 

Notes: See previous page 
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11.0 WATCHDOG TIMER (WOT) 

The watchdog timer is realized as a free running on-chip 
RC oscillator which does not require any external com· 
ponents. That means that the WOT will run, even if the 
clock on the OSC1/0SC2 pins of the device has been 
stopped, for example, by execution of a SLEEP instruc
tion. A WOT timeout generates a device RESET condi
tion. The WOT can be permanently disabled by speci
fying the WOT mask option. 

11.1 WOT Period 

The WOT has a nominal time-out period of 18ms, (with 
no prescaler). The time-out periods vary with tempera
ture, Voe and process variations from part to part (see 
DC specs). If longer time-out periods are desired, a 
prescaler with a division ratio of up to 1:128 can be 
assigned to the WOT under software control by writing 
to the OPTION register. Thus, time-out periods up to 2.5 
seconds can be realized. 

The CLRWDT and SLEEP instructions clear the WOT and 
the prescaler count, if assigned to the WOT, and prevent 
it from timing out and generating a device RESET 
condition. 

The status bit TO in the STATUS register will be cleared 
upon a watchdog timer timeout. 

The WOT period is a function of the supply voltage, 
operating temperature, and will also vary from unit to unit 
due to variations in the manufacturing process. Please 
refer to the graphs in Section 18.0 and DC specs for 
more details. 

11.2 WOT Programming Considerations 

It should also be taken in account that under worst case 
conditions (Voe= Min., Temperature= Max., max. WOT 
prescaler) it may take several seconds before a WOT 
timeout occurs. 

12.0 OSCILLATOR CIRCUITS 

12.1 Oscillator Types 

The PIC16CR57A series is available with four different 
oscillator options. Two bits in the configuaration word 
select one of these four modes. The customer specifies 
the desired oscillator type along with the ROM pattern. 
The parts are tested for the specific oscillator type. 

12.2 Crystal Oscillator 

The PIC16CR57A crystal options (XT, HS, or LP) need 
a crystal or ceramic resonator connected to the OSC1 
and OSC2 pins to establish oscillation (Figure 12.1). 
XT =Standard crystal oscillator, HS= High speed crystal 
oscillator. The series resistor RS may be required for the 
'HS' oscillator, especially at lower than 20 MHz oscilla
tion frequency. It may also be required in XT mode with 
AT strip-cut type crystals to avoid overdriving. 

12.3 RC Oscillator 

For timing insensitive applications the 'RC' device op
tion offers additional cost savings. The RC oscillator 
frequency is a function of the supply voltage, the resistor 
(Rext) and capacitor (Cext) values, and the operation 
temperature. In addition to this, the oscillator frequency 
will vary from unit to unit due to normal process pararn
eter variation. Furthermore, the difference in lead frame 
capacitance between package types will also affect the 
oscillation frequency, especially for low Cext values. 
The user also needs to take into accountvariation due 
to tolerance of external R and C components used. 
Figure 12.3 shows how the RIC combination is con
nected to the PIC16CR57A. For Rext values below 
2.2k0hm, the oscillator operation may become un
stable, or stop completely. For very high Rext values 
(e.g. 1 MOhm), the oscillator becomes sensitive to noise, 
humidity and leakage. Thus, we recommend to keep 
Rext between 3k0hm and 100k0hm. 

Although the oscillator will operate with no external 
capacitor (Cext = O pF), we recommend using values 
above 20 pF for noise and stability reasons. With no or 
small external capacitance, the oscillation frequency 
can vary dramatically due to changes in external capaci
tances, such as PCB trace capacitance or package lead 
frame capacitance. 

See table in Section 18.0 for RC frequency variation 
from part to part due to normal process variation. The 
variation is larger for larger R (since leakage current 
variation will affect RC frequency more for large R) and 
for smaller C (since variation of input capacitance will 
affect RC frequency more). 

See characteristics in Section 18.0 for variation of oscil
lator frequency due to Voe for given Rext/Cext values as 
well as frequency variation due to operating temperature 
for given R, C, and Voe values. 

The oscillator frequency, divided by 4, is available on the 
OSC2/CLKOUT pin, and can be used for test purposes 
or to synchronize other logic (see Figure 2.2 for timing). 
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Higher capacitance increases the stability of oscillator 
but also increases the start-up time. These values are 
for design guidance only. Since each resonator has its 
own characteristics, the user should consult the resona
tor manufacturer for appropriate values of external com
ponents. 

TABLE 12.1- CAPACITOR SELECTION FOR 
CERAMIC RESONATORS 

Oscillator Resonator Capacitor Range 
Type Frequency C1 =C2 

XT 455KHz 150-330 pF 
2.0MHz 20-330pF 
4.0MHz 20-330pF 

HS 8.0MHz 20-200pF 

Note: The capacitor valves may change after characterization 
of the device. These values should be considered 
design targets. 

FIGURE 12.1 - CRYSTAL OPERATION 
(OR CERAMIC RESONATOR) 
(HS, XT OR LP TYPES ONLY) 

OSC1 

{

C1 c:::J XTAL 

OSC2 

r 

' ' ' . . 
----+-----~ 

0--
To internal 
logic 

SLEEP 

PIC16CR57A 

Rs may be required in HS and XT modes for AT strip-cut 
crystals to avoid overdriving. See Tables 12.1 and 12.2for 
recommended values of C1, C2 per oscillator type and 
frequency. 

FIGURE 12.2 - EXTERNAL CLOCK INPUT 
OPERATION (HS, XT, or LP 
TYPES ONLY) 

CLOCK FROM 
EXT.SYSTEM 

OPEN 

OSC1 
PIC16CR57A 

OSC2 

PIC16CR57A 

Higher capacitance increases the stability of oscillator 
but also increases the start-up time. These values are 
for design guidance only. Rs may be required in HS 
mode as well as XT mode to avoid overdriving crystals 
with low drive level specification. Since each crystal has 
its own characteristics, the user should consult the 
crystal manufacturer for appropriate values of external 
components. 

TABLE 12.2 • CAPACITOR SELECTION FOR 
CRYSTAL OSCILLATOR 

Osc Freq C1 C2 
Type 

LP 32 KHz 15.J!f 15.J!f 
XT 100 KHz 15-30 pF 200-300 pF 

200 KHz 15-30 pF 100-200 pF 
455 KHz 15-30 pF 15-100 pF 
1 MHz 15-30 pF 15-30 pF 
2MHz 15 pF 15 pF 
4MHz 15_QF 15.J!f 

HS 4MHz 15pF 15 pF 
8MHz 15 pF 15 pF 
20MHz 15 pF 15 pF 

Note: The capacitor valves may change after characterization 
of the device. These values should be considered 
design targets. 

FIGURE 12.3 - RC OSCILLATOR 
(RC TYPE ONLY) 

Voo 

Rex! 

eex1I 
Vss -:: 

PIC16CR57A 

OSC2/CLKOUT 
Fosc14~~~~~~~~~~~ 
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13.0 OSCILLATOR START-UP TIMER 
(OST) 

Oscillator circuits based on crystals or ceramic resona
tors require a certain time after power-up to establish a 
stable oscillation. An on-chip Oscillator Start-up Timer is 
provided which keeps the device in a RESET condition 

for approximately 1 Bms after the voltage on the Ma..R 
pin has reached a logic high (VIHMC) level. Thus, 

external RC networks connected to the MCLR input are 
not required in most cases, allowing for savings in cost
sensitive and/or space restricted applications. 

The OST will also be triggered upon a watchdog timer 
timeout. This is particularly important for applications 
using the WOT to awake the PIC16CR57 A from SLEEP 
mode automatically. 

The OST is not adequate for low frequency crystals 
which require much longer than 1 Bms to start up and 
stabilize. 

13.1 Power-On Reset (POR) 

The PIC16CR57A incorporates an on chip Power-On 
Reset (POR) circuitry which provides internal chip reset 
for most power-up situations. To use this feature the 

user merely needs to tie MCLR pin to Voo. A simplified 
block diagram of the on-chip Power-On Reset circuit is 
shown in Figure 13.4. The power on reset circuit and the 
oscillator start-up timer circuit are closely related. On 
power-up the reset latch is set and the start-up timer (see 
Figure 13.4) is reset. Thestart-uptimerbeginscounting 

once it detects MCLR to be high. After the time-out 
period, which is typically 18ms, it will reset the reset
latch and thus end the on-chip reset signal. 

Figures 13.5 and 13.6 are two power-up situations with 
relatively fast rise time on Voo. In Figure 13.5, Voo is 

allowed to rise and stabilize before bringing MCLR high. 
The chip will actually come out of reset tOST ms after 

MCLR goes high. In Figure 13.1.6, the on chip Power
On Reset feature is being utilized (MCLR and Voo are 
tied together). The Voo is stable before the start-up 
timer times out and there is no problem in getting a 
proper reset. Figure 13. 7 depicts a potentially problem
atic situation where Voo rises too slowly. In this situa
tion, when the start-up timer times out, Voo has not 
reached the Voo (min) value and the chip is therefore not 
guaranteed to function correctly. 

To summarize, the on chip Power-On Reset is guaran
teed to work if the rate of rise of Voo is no slower than 
0.05 Vims. It is also necessary that the Voo starts from 
OV. The on-chip Power-On Reset is also not adequate 
for low frequency crystals which require much longer 
than 1 Bms to start up and stabilize. For such situations, 
we recommend that external RC circuits are used for 
longer Power-On Reset. 

FIGURE 13.1 - EXTERNAL POWER 

D 

Notes: 

ON RESET CIRCUIT 
(FOR SLOW POWER-UP) 

Vro 

= 

R 

R 

PIC16CR57A 

1. External power on reset circuit is required only if Voo 
power-up slope is too slow or if a low frequency crystal 
oscillator is being used that need a long start-up time. 
The diode D helps discharge the capacitor quick!~ 
when Voo powers down. 

2. R < 40 Kn must be observed to make sure that voltage 
drop across R does not exceed 0.2 V (max leakage 
current spec on MCLR pin is~. A larger voltage 
drop will degrade V1H level on MCLR pin. 

3. R1= 100'1 to 1K'1 will limit any current flowing into 
MCLR from external capacitor C in the event of MCLR 
pin breakdown due to ESD or EOS. 

FIGURE 13.2- BROWN OUT PROTECTION 
CIRCUIT 

PIC16CR57A 

Notes: 
1. This circuit will activate reset when VDD goes below 

f!Z + 0.7 V) where VZ =Zener voltage. 

FIGURE 13.3- BROWN OUT PROTECTION 
CIRCUIT 

R1 

MCLR 

R2 

= PIC16CR57A 

Notes: 
1. This brown circuit is less expensive, albeit less 

accurate. Transistor 01 turns off when VDD is 
below a certain level such that: 

R1 
VDD• Rl + R2 = 0.7 V. 
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FIGURE 13.4 - SIMPLIFIED POWER ON RESET BLOCK DIAGRAM 

MCLR 
PIN 

POWER-UP 
DETECT 

ON-CHIP 
RCOSC 

POR (POWER-ON RESET) 

.-----------.RESET 

8-BIT ASYNCH 
RIPPLE COUNTER 
(START·UP TIMER) 

,__ __ _, R Ct---__,~ 

CHIP RESET 

FIGURE 13.5 - USING EXTERNAL RESET INPUT 

Voe 

INTERNAL POR 

OST TIME-OUT 

INTERNAL RESET 

A Unote1 
----------~ i l ! 

! I I 
j ' ._i !OST ~·.i r-- IOST - ..... : ---t--1' -----., 

Note 1: The lost time-out is invoked every lime the chip comes out of reset. 
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FIGURE 13.6 - USING ON-CHIP POR (FAST VDD RISE TIME) 

Voo 

MCLR ------1!: 
ii 

INlERNAL POR 

~tOST________.~1--------------~-
0STTIME-OUT ----------------' 

INTERNAL RESET 

FIGURE 13.7 - USING ON-CHIP POR (SLOW VDD RISE TIME) 

5V 

Voo ov 

INTERNAL POR 
1.--tDST----! 
i ri --------------~ 

OST TIME-OUT 

INTERNAL RESET --------------' 

05302198-page 24 

When \rho rises slowly, the internal time-out period expires long before Voo has reached its final 
value. In this example, the chip will reset properly if, and only ii, V1<!: VDDMIN. 
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14.0 POWER DOWN MODE (SLEEP) 

The power down mode is entered by executing a SLEEP 
instruction. 

If enabled, the Watchdog Timer will be cleared but keeps 
running, the bit •PD' in the STATUS register is cleared, 
the •TO· bit is set, and the oscillator driver is turned off. 
The 1/0 ports maintain the status they had, before the 
SLEEP command was executed (driving high, low, orhi
impedance). 

For lowest current consumption in this mode, all 1/0 pins 
should be either at Voo, or Vss, with no external circuitry 
drawing current from the 1/0 pin. 1/0 pins that are in the 
High-impedance mode should be pulled high or low 
externally to avoid switching currents caused by floating 
inputs. The RTCC input should also be at Voo or Vss for 
lowest current consumption. 

The MCLR pin must be at VIHMC. 

14.1 Wake-Up 

The device can be awakened by a Watchdog Timer 
time-out (if it is enabled) or an externally applied "low' 
pulse at the MCLR pin. In both cases the 16CR57 A will 
stay in RESET mode for one Oscillator Start-up Timer 
period (triggered from rising edge on MCLR or WOT 
time-out) before normal program execution resumes. 

The"PD' bitintheSTATUSregister, which is set to one 
during power-on, but cleared by the "SLEEP' command, 
can be used to determine if the processor was powered 
up or awakened from the power down mode (Table 4.2). 
The TO bit in the STATUS register can be used to 
determine, if the "wake up" was caused by an external 
MCLR signal or a Watchdog Timer time-out. 

NOTE: Some applications may require external RIC 
networks on the MCLR pin in order to allow for oscillator 
start-up times longer than one OST period. In this case, 
a WOT wake up from power down mode is not recom
mended, because a RESET generated by a WOT time 
out does not discharge the external capacitor, and the 
16CR57A will be in RESET only for the oscillator start
up timer period. 

FIGURE 15.1 ·CONFIGURATION FUSES 

[ I CPI WDTEI OT1 I OTO 
"I I 
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15.0 CONFIGURATION FUSES 

The configuration ROM consists of four ROM fuses. 

Two are for the selection of the oscillator type, one is the 
Watchdog Timer enable fuse, and one is the code 
protection fuse. 

15.1 Customer ID Code 

The PIC16CR57 A series has 16 special ROM bits which 
are not part of the normal program memory. These bits 
are available to the user to store an Identifier (ID) code, 
checksum, or other informative data. They cannot be 
accessed during normal program execution. 

15.2 Code Protection 

The program code written into the ROM can be pro
tected by programming the code protection fuse with 'O'. 

When code protected, the contents of the program ROM 
cannot be read out in a way that the program code can 
be reconstructed. 

Note that the configuration fuses and the ID bits can still 
be read, even if the code protection logic is active. 

15.2.1 VERIFYING A CODE-PROTECTED PART 

When code protected verifying any program memory 
location will read a scrambled output which looks like 
·ooooooooxxxx· (binary) where Xis 1 or o. To verify a 
device after code protection, follow this procedure: 

a. First, program and verify a good PIC16C57 without 
code protecting it. 

b. Next, blow its code protection fuse and then load its 
contents in a file. 

c. Verify any code-protected PIC16CR57A (with this 
program) against this file. 

OT1, OTO: Oscillator selection fuses 

00 LP 

01 XT 

10 HS 

11 : RC 

WDTE: 1 WOT enabled 

0 : WOT disabled 

CP: 1 Code protection off 

0 : Code protection on 
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16.0 DEVELOPMENT SUPPORT 

16.1 Development Tools 

The PIC16C5X and PIC16CXX microcontrollers are 
supported with a full range of hardware and software 
development tools: 

• PICMASTER™ Real-Time In-Circuit Emulator 
• PRO MATE™ Universal Programmer 
• PICSTART™ Low-Cost Prototype Programmer 
• Assembler 
• Software Simulator 

16.2 PICMASTER™: High Performance 
Universal In-Circuit Emulator 

The PICMASTER Universal In-Circuit Emulator is in
tended to provide the product development engineer 
with a complete microcontroller design tool set for all 
microcontrollers in the PIC16C5X, PIC16CXX and 
PIC17CXX families. 

Interchangeable target probes allow the system to be 
easily reconfigured for emulation of different proces
sors. The universal architecture of the PICMASTER 
allows expansion to support all new PIC16C5X, 
PIC16CXX and PIC17CXX microcontrollers. 

The Emulator System is designed to operate on PC 
compatible machines ranging from 80286-Are class 
ISA-bus systems through the new 80486 EISA-bus 
machines. The development software runs in the 
Microsoft Windows8 3.1 environment, allowing the op
erator access to a wide range of supporting software and 
accessories. 

The PICMASTER has been designed as a real-time 
emulation system with advanced features generally 
found on more expensive development tools. The AT 
platform and Windows 3.1 environment was chosen to 
best make these features available to you, the end user. 

Common Interface Card 
PC Compatible Computer 

(AT/ISA Bus) (for Industry Standard Architecture) 

The PICMASTER Emulator Universal System consists 
primarily of four major components: 

• Host-Interface Card 

• Emulator Control Pod 
• Target-Specific Emulator Probe 
• PC Host Emulation Control Software 

The Windows 3.1 System is a multitasking operating 
system which will allow the developer to take full advan
tage of the many powerful features and functions of the 
PICMASTER system. 

PICMASTER emulation can operate in one window, 
while a text editor is running in a second window. 

Dynamic Data Exchange (DOE), a feature of Windows 
3.1, will be available in this and future versions of the 
software. DOE allows data to be dynamically transferred 
between two or more Windows programs. With this 
feature, data collected with PICMASTER can be auto
matically transferred to a spreadsheet or database pro
gram for further analysis. 

Under Windows 3.1, two or more PICMASTER emula
tors can run simultaneously on the same PC making 
development of multi-microcontroller systems possible 
(e.g., a system containing a PIC16CXX processor and a 
PIC17CXX processor). 

16.3 PRO MATE™: Universal Programmer 

The PRO MATE Universal Programmer is a production 
quality programmer capable of operating in stand alone 
mode as well as PC-hosted mode. 

The PRO MATE has programmable Voo and VPP sup
plies which allows it to verify programmed memory at 
Voo min and Voo max for maximum reliability . It has an 
LCD display for displaying error messages, keys to enter 
commands and a modular detachable socket assembly 
to support various package types. In stand alone mode 
the PRO MATE can read, verify or program PIC16C5X, 
PIC16CXX and PIC17CXX devices. It can also set fuse 
configuration and code-protect in this mode. Its EEPROM 
memory holds data and parametric information even 
when powered down. It is ideal for low to moderate 
volume production. 

In-Una 
Power Supply 

(Optional) 

PowerSWltch 

Power Connector 

Aux. 

PC-Interface 

90-250VAC 
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In PC-hosted mode, the PRO MATE connects to the PC 
via one of the COM (RS232) ports. A PC based user
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and menu
based. Full screen display and editing of data, easy 
selection off use configuration and part type, easy selec
tion of Voo min, Voo max and VPP levels, load and store 
to and from disk files (intel hex format) are some of the 
features of the software. Essential commands such as 
read, verify, program, blank check can be issued from 
the screen. Additionally, serial programming support is 
possible where each part is programmed with a different 
serial number, sequential or random. 

The PRO MATE has a modular 'programming socket 
module'. Different socket modules are required for 
different processor types and/or package types. 
PRO MATE supports all PIC16C5X, PIC16CXX and 
PIC17CXX processors. 

16.4 PICSTART™ Programmer 

The PICSTART™ programmer is an easy to use, very 
low-cost prototype programmer. It connects to the PC 
via one of the COM (RS232) ports. A PC based user 
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and menu
based. 

16.5 Assembler {MPASM) 
Cross Assembler is a PC hosted symbolic assembler. It 
supports all microcontroller series including the 
PIC16C5X CMOS, PIC16CXX, and PIC17CXX families. 

MPASM offers fully featured Macro capabilities, condi
tional assembly, and several source and listing formats. 
It generates various object code formats to support 
Microchip's development tools as well as third party 
programmers. 

MPASM allows full symbolic debugging from the Micro
chip Universal Emulator System (PICMASTER). 

MPASM has the following features to assist in develop
ing software for specific use applications. 

• Provides translation of Assembler source code to 
object code for all Microchip microcontrollers. 

• Macro Assembly Capability 

• Provides Object, Listing, Symbol and special files 
required for debugging with one of the Microchip 
Emulator systems. 

• Supports Hex (default), Decimal and Octal source 
and listing formats. 

MPASM provides a full feature directive language repre
sented by four basic classes of directives: 

• Data Directives are those that control the allocation 
of memory and provide a way to refer to data items 
symbolically, by meaningful names. 

• Listing Directives control the MPASM listing dis 
play. They allow the specification of titles and sub
titles, page ejects and other listing control. 

PIC16CR57A 

• Control Directives permit sections of conditionally 
assembled code. 

• Macro Directives control the execution and data 
allocation within macro body definitions. 

16.6 Sottware Simulator (MPSIM) 

The Software Simulator allows code development in a 
PC host environment. It allows the user to simulate the 
PIC16C5X and PIC16CXX series microcontrollers on 
an instruction level. On any given instruction, the user 
may examine or modify any of the data areas or provide 
external stimulus to any of the pins. The input/output 
radix can be set by the user and the execution can be 
performed in single step, execute until break or in a trace 
mode. Two forms of symbolic debugging are available: 
an internal symbol table for disassembling opcodes and 
the displaying of source code from a listing file. The 
Software Simulator offers the low cost flexibility to de
velop and debug code outside of the laboratory environ
ment making it an excellent multi-project software devel
opment tool. 

16.7 Development Systems 

For convenience, the development tools are packaged 
into comprehensive systems as listed in Table 16-1: 

TABLE 16-1: DEVELOPMENT SYSTEM 
PACKAGES 

Item Name System Description 

1. PICMASTER™ PICMASTER In-Circuit Emulator 
System with your choice of Target Probe, 

PRO MATE Programmer, 
Assembler, Software Simulator and 
Samples. 

2. PICSTART™ PICSTAR'J'M Low-Cost Prototype 
System Programmer, Assembler, Software 

Simulator and Samples 

16.8 Probe Specifications 

The PICMASTER probes currently meet the following 
specifications: 

PROBE 
PICMASTER Devices Maximum Operating 

PROBE Supported Frequency Voltage 

PROBE· 16A PIC16C54, 4MHZ 4.SV • 5.SV 
PIC16C55, 
PIC16C56, 
and PIC16C57 

PROBE-160 PIC16C54, 20MHz 4.5V-5.5V 
PIC16C55, 
PIC16C56, 
PIC16C57, 
and PIC16C58 
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17.0 ELECTRICAL CHARACTERISTICS *Notice: Stresses above those listed under "Maximum Ratings" 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at those or any 

other conditions above those indicated in the operation listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

17.1 Absolute Maximum Ratings* 

Ambient temperature under bias ........ -55"C to + 125"C 

Storage Temperature ....................... - 65'C to +150"C 
Voltage on any pin with respect to Vss 

(except Voo, MCLR and RT) ........ -0.6V to Voo +0.6V Notes: 1. Totalpowerdissipationshouldnotexceed800 
mW for the package. Power dissipation is 
calculated as follows: 

Voltage on Voo with respect to Vss .............. o to +7.5 V 

Voltage on MCLR and RT with respect to Vss 
(Note 2) ....................................................... o to +14 V Pdis= Voox{loo- I.loh} + I,{(Voo-Voh) x loh} 

+ I.(Vol x lol) Total power Dissipation (Note 1) .................... 800 mW 
Max. Current out of Vss pin ............................ 150 mA 
Max. Current into Voo pin ............................... 100 mA 
Input Clamp Current, llK (Vl<O or Vl>Voo) ...... ±20 mA 
Output Clamp Current, IOK (VO<O or Vo>Voo) ±20 mA 
Max. Output Current sinked by any 110 pin ....... 25 mA 
Max. Output Current sourced by any 110 pin .... 20 mA 
Max. Output Current sourced by a single 
110 port Port A ................................................ 50 mA 

Port B or Port C ............................... 100 mA 
Max. Output Current sinked by a single 
110 port Port A ................................................ 50 mA 

Port B or Port C ............................... 100 mA 

TABLE 17.1 - PIN DESCRIPTIONS 

Name Function Observation 

RAO- RA3 l/OPORTA 4 iQQ_ut/ouJQ_ut lines. TTL iQQ_ut buffers. 
RBO- RB7 l/OPORTB 8 input/output lines. TTL input buffers. 
RCO-RC7 1/0 PORTC 8 iQQ_ut/ou!e_ut lines. TTL iQQ_ut buffers. 
RTCC Real Time Clock/Counter Schmitt Trigger Input. 

Clock input to RTCC register. Must be tied to Vss or Voo if 
not in use to avoid unintended entering of test modes and to 
reduce current consumption. 

MCLR Master Clear Schmitt TriPtger Input. 
A "Low' vo tage on this input generates a RESET condition. 
A rising voltage triggers the on-chip oscillator start-up timer 
which keeps the chip in RESET mode for about 18ms. This 
input must be tied direc!!}'., or via a pull-up resistor, to Voo. 

OSC1/CLKIN Oscillator (input)/External 'XT', 'HS' and 'LP" devices: Input terminal for crystal, 
Clock Input ceramic resonator, or external clock generator. 

'RC' devices : Driver terminal for external RC combination 
to establish oscillation. 

OSC2/CLKOUT Oscillator (output) For 'XT', 'HS' and 'LP' devices: Output terminal for crystal 
and ceramic resonator. Do not connect any other load to this 
output. Leave open if external clock generator is used. 
For 'RC" devices : A "CLKOUT" signal with a frequency of 
1/4 Fosc1 is_QUtout on this_Qin. 

Voo Power f,lupply 
Vss Ground 
N/C No (internal) Connection 
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17.2 DC CHARACTERISTICS: PIC16CR57A-04 
PIC16CR57A-10 
PIC16CR57 A-20 

PIC16CR57A 

(COMMERCIAL, INDUSTRIAL) 
(COMMERCIAL, INDUSTRIAL) 
(COMMERCIAL, INDUSTRIAL} 

DC CHARACTERISTICS, Standard Operating Conditions 

POWER SUPPLY PINS 

Characteristic 

Supply Voltage 

RAM Data Retention 
Voltage (Note 3) 
Yoo start voltage to 
guarantee power on reset 
Yoo rise rate to guarantee 

ower on reset 
Supply Current (Note 2) 

Power Down Current 
(Note4) 
WOT enabled 

WOT disabled 

Sym 

Yoo 

VDR 

VPOR 

Svoo 

loo 

IPD 

Operating temperature 

Min 

3.0 
4.5 

0.05* 

Typ* Max 

6.25 
5.5 

1.5 

Vss 

1.8 3.3 

4.8 
9.0 

12 

-40'C s TA s +125'C for automotive, 
-40"C s TA s +as·c for industrial and 

o·c s TA s +70'C for commercial 

Units 

v 
v 
v 

v 

Vims 

µA 
µA 
µA 
µA 

Conditions 

XT, RC and LP options 
HS option 
Device in SLEEP m 

power on 
reset 

option, Commercial 
Fosc = 32 KHz, Voe= 3.0V, WOT disabled 
LP option, Industrial 
Fosc = 32 KHz, Voe= 3.0V, WOT disabled 

Voe= 3.0V, Commercial 
VOO= 3.0V, Industrial 
Voe= 3.0V, Commercial 
VDD= 3.0V, Industrial 

• These parameters are bas ization and are not tested. 
Note 1: Data in the c mn el 'Typical' is based on characterization results at 25"C. This data is for design 

guidance y ~ is ot ted for, or guaranteed by Microchip Technology. 
Note 2: The supply rren s mainly a function of the operating voltage and frequency. Other factors such as bus 

loading, oscilla ty , bus rate, internal code execution pattern, and temperature also have an impact on the 
current consumpt on. 
a) The test conditions for all loo measurements in active operation mode are: 

OSC1 =external square wave, from rail to rail; all 1/0 pins tristated, pulled to Yoo, RT= Yoo, MCLR =Yoo; WOT 
enabled/disabled as specified. 
b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP mode. 

Note 3: This is the limit to which Voe can be lowered in SLEEP mode without losing RAM data. 
Note 4: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 

measured with the part in SLEEP mode, with all 1/0 pins in hi-impedance state and tied to Voe and Vss. 
Note 5: Does not include current through Rext. The current through the resistor can be estimated by the formula 

Ir= Voo/2Rext (mA) with Rext in kOhm. 
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17.3 DC CHARACTERISTICS: PIC16LCR57A-04 (COMMERCIAL, INDUSTRIAL) 

DC CHARACTERISTICS, 

POWER SUPPLY PINS 

Characteristic 

Supply Voltage 

RAM Data Retention 
Voltage (Note 3) 
Voo start voltage to 
guarantee power on reset 

Voo rise rate to guarantee 
power on reset 
Supply Current (Note 2) 

Power Down Current 
(Note 4) 
WOT enabled 

WOT disabled 

Note 1: 

Note2: 
guidance only 
The supply 
loading, c~to . e, 
curren co~ ion. 

Standard Operating Conditions 
Operating temperature -40°C s TA s +125°C for automotive, 

Sym 

Voo 

VOA 

VPOR 

Svoo 

loo 

IPO 

Min Typ • Max 

2.5 6.25 
4.5 5.5 

1.5 

Vss 

0.05* 

1.8 3.3 

4.8 10 

15 

19 

-40°C s TA s +as·c for industrial and 
o·c s TA s +1o·c for commercial 

Units CondHions 

v XT, RC and LP options 
v HS option 
v Device in SLEEP mode 

v 

Vims n power on 
reset 

mA 

i , Commercial 
Fosc 2 KHz, Voo = 2.5V, WOT disabled 

option, Industrial 
osc = 32 KHz, Voo = 2.5V, WOT disabled 

Voo = 2.5V, Commercial 
Voo = 2.5V, Industrial 
Voo = 2.5V, Commercial 
Voo = 2.5V, Industrial 

'Ty · al' is based on characterization results at 2s·c. This data is for design 
e for, or guaranteed by Microchip Technology. 
a function of the operating voltage and frequency. Other factors such as bus 

s rate, internal code execution pattern, and temperature also have an impact on the 

a) The te co itions for all loo measurements in active operation mode are: 

Note 3: 
Note4: 

Notes: 

OSC1= exter square wave, from rail to rail; all 110 pins tristated, pulled to Voo, RT= Voo, MCLR = Voo; WOT 
enabled/disabled as specified. 
b) For stand-by current measurements,.the conditions are the same, except that the device is in SLEEP mode. 
This is the limit to which Voo can be lowered in SLEEP mode without losing RAM data. 
The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with all 1/0 pins in hi-impedance state and tied to Voo and Vss. 
Does not include current through Rext. The current through the resistor can be estimated by the formula 
Ir = Voo/2Rext (mA) with Rext in kOhm. 
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17.4 DC CHARACTERISTICS: PIC16CR57 A-04 
PIC16LCR57 A-04 
PIC16CR57A-10 
PIC16CR57 A-20 

(COMMERCIAL, INDUSTRIAL) 
(COMMERCIAL, INDUSTRIAL) 
(COMMERCIAL, INDUSTRIAL) 
(COMMERCIAL, INDUSTRIAL) 

DC CHARACTERISTICS, Standard Operating Conditions 

ALL PINS EXCEPT POWER SUPPLY Operating temperature -40"C ~TA~ +as·c for industrial and 
o·c ~TA~ +70"C for commercial 

Characteristic Sym Min Typ Max Units Conditions 
(Note 1) 

Input Low Voltage 
1/0 ports VIL Vss 0.2 Yoo v Pin at hi-impedance 

MCLR (Schmitt trigger) Vss 0.15 Yoo v 
RTCC (Schmitt trigger) Vss 0.15 Voo v 
OSC1 (Schmitt trigger) Vss 0.15 Voo 
OSC1 Vss 0.3 Voo 
Input High Voltage 
1/0 ports VIH 0.45 Voo Voo 

2.0 Voo 
0.36 Voo Voo 

MCLR (Schmitt trigger) 0.85 Voo 
RTCC (Schmitt trigger) 0.85 Voo 
OSC 1 (Schmitt trigger) 0.85 Voo RC option only (Note 5) 
OSC1 0.7 Voo XT, HS and LP options 
Input Leakage Current For VDD ~ 5.5V 
(Note 4) 
1/0 ports ill -1 µA Vss ~ VPIN s Voo, 

Pin at hi-impedance 

MCLR -5 µA VPIN = Vss + 0.25V (Note 3) 
MCLR µA VPIN = Voo (Note 3) 
RTCC µA Vss ~ VPIN s Voo 
OSC1 +3 µA Vss s VPIN s Voo ' 

XT, HS and LP o !ions 
Output Low Voltage 
1/0 Ports 0.6 v IOL = 8.7 mA, Voo = 4.5V 
OSC2/CLKOUT 0.6 v IOL = 1.6 mA, Voo = 4.5V 
(RC option only) 
Output High Volta 
1/0 Ports (Note 4 v IOH = -5.4 mA, Voo = 4.5V 
OSC2/CLKO )0 Voo-0.7 v IOH = -1.0 mA, Yoo = 4.5V 
(RC option o 

Note 1: Data in the co mn labeled "Typical' is based on characterization results at 25 • C. This data is for design guidance 
only and is not tested for, or guaranteed by Microchip Technology. 

Note 2 : Total power dissipation as stated under absolute maximum ratings must not be exceeded. 

Note 3 : The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels 
represent normal operating conditions. Higher leakage current may be measured at different input voltages. 

Note 4 : Negative current is defined as coming out of the pin. 
Note 5: In RC oscillator mode, the OSC1 pin is a Schmitt trigger input. It is not recommended thatthe PIC16CR57A be 

driven with external clock in RC mode. 
Note 6: The user may use better of the two specifications. 

© 1994 Microchip Technology Inc. lP lr® ~ o !ITnl o [jj) ~ lf'W DS30219B-page 31 

2-211 

• 



PIC16CR57A 

17.5 AC CHARACTERISTICS: PIC16CR57A-04 (COMMERCIAL, INDUSTRIAL) 
PIC16LCR57 A-04 (COMMERCIAL, INDUSTRIAL) 
PIC16CR57A-10 (COMMERCIAL, INDUSTRIAL) 
PIC16CR57A-20 (COMMERCIAL, INDUSTRIAL) 

AC CHARACTERISTICS Standard Operating Conditions 
Operating temperature -40°C ~TA~ +as·c for industrial and 

Charactaristic 

External CLOCKIN 
Frequency (Nola 2) 

Oscillator Frequency 
(Note 2) 

Instruction Cycle Time 
(Note 2) 

External Clock in Timing 
(Note 4) 
Clock in (OSC1) High or Low Time 

Sym 

Fosc 

Fosc 

Tcv 

DC 
DC 
DC 
DC 
DC 
0.1 
4 
DC 
1.0 
1.0 
0.2 
100 

Min 

o·c ~TA~ +1o·c for commercial 

Typ Max Units 
(Note 1) 

4/Fosc 

4 
4 
20 
40 
4 
4 

MHz 
MHz 
MHz 

Conditions 

XT oscillator type TcKHLXT so• ns 
µs 
ns 

LP oscillator type TCKHLLP 
HS oscillator type TCKHLHS 
Clock in (OSC1) Rise or Fall Time 
XT oscillator type TcKRFXT 
LP oscillator type 
HS oscillator type 
RESET Timing 
MCLR Pulse Width low 
RTCC Input Timing, No Prescale 
RTCC High Pulse Width 
RTCC Low Pulse Width 

Watchdog Timer Timeout Period 

TRTP 

(No Prescaler) Twor 
Oscillation Start-up Timer Period Tosr 

• Guaranteed by characterization, but not tested. 

DS30219B-page 32 

10· 
10· 

TCY+40° 
N 

g• 
g• 

18* 
18* 
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ns 
ns 
ns 

ns 

ns 
ns 

ns 
ns 
ns 

30* ms 
30* ms 

Note 3 
Note 3 

Note 3 
Note 3 
Note 3. Where N = prescale 
value (2,4, .... 256) 

VDD= 5.0V 
Voo = 5.0V 

(Cont. on next page) 
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17.5 AC CHARACTERISTICS: 
(Cont.) 

PIC16CR57A-04 (COMMERCIAL, INDUSTRIAL) 
PIC16LCR57 A-04 (COMMERCIAL, INDUSTRIAL) 
PIC16CR57A-10 (COMMERCIAL, INDUSTRIAL) 
PIC16CR57A-20 (COMMERCIAL, INDUSTRIAL) 

AC CHARACTERISTICS Standard Operating Conditions 
Operating temperature -4o·c s TA s +BS·c for industrial and 

o·c s TA s +1o·c for commercial 

Characteristic Sym Min Typ Max Units Conditions 
(Note 1) 

lfO llming 
1/0 pin input valid before 
CLKOUrt (RC Mode) Tos 0.25 Tcv+ ao• ns 
1/0 pin input hold after 
CLKOurt (RC Mode) TOH o· 
1/0 pin output valid after 
CLKOUT J, (RC Mode) TPD 
l/O pin input valid before osci 
(1/0 setup time) TioV2osH TBO 
OSC1 i to 1/0 pin input valid TosH2iol TBD 
(l/O hold time) 
OSC1 i to 1/0 pin output valid TosH2ioV TBD Voo=5.0V 
OSC1 i to CLKOUT low TosH2ckL ns Voe= 5.0V 
OSCti to CLKOUT high TosH2ckH ns Voo=5.0V 
l/O pin input valid before CLKOUT high ns Voo=5.0V 
CLKOUT low to l/O valid ns Voo=5.0V 
CLKOUT rise time TckR TBD ns Voo=5.0V 
CLKOUT fall time TBD ns Voo=5.0V 
l/O pin output rise time 17 TBD ns Voo=5.0V 
l/O pin output fall time 10 TBO ns Voo=5.0V 
Capacitive Loading Specs on Output Pins 
OSC2pin 15 pF In XT, HS or LP modes when 

external clock is used to drive 
OSC1 

50 pF 

Note 1. Data int cot@ln I be 'Typical' is based on characterization results at 2s·c. This data is for design guidance 
only and i ot t led for, or guaranteed by Microchip Technology. 

Note 2. Instruction cy r:i riod (Tcy) equals four times the input oscillator time base period. 
All specified valu s are based on characterization data for that particular oscillator type under standard operating 
conditions with the device executing code. Exceeding these specified limits may result in an unstable oscillator 
operation and/or higher than expected current consumption. All devices are tested to operate at 'min.• values 
with an external clock applied to the OSC1 pin. 
When an external clock input is used, the 'Max.• cycle time limit is 'DC' (no clock) for all devices. 

Note 3. For a detailed explanation of RTCC input clock requirements see section 4.2.1. 
Note 4. Clock-in high-time is the duration for which clock input is at VIHOSC or higher. 

Clock-in low-time is the duration for which clock input is at VILOSC or lower. 
Note 5. This HS specification is only for the -20 device. The -10 device has a maximum of 10 MHz and the-04 device 

has a maximum of 4 MHz. 
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17.6 Electrical Structure of Pins 

FIGURE 17.1 - ELECTRICAL STRUCTURE OF 
1/0 PINS (RA, RB, and RC) 

VDD 

vss 

FIGURE 17.2 - ELECTRICAL STRUCTURE 
OF MCLR AND RTCC PINS 

MCLR, 
RTCC 

vss vss 

Schmitt trigger 
Input buffer 

Notes to Figures 17.1and17.2: The diodes and the grounded 
gate (or output driver) NMOS device are carefully designed to 
protect against ESD (Electrostatic discharge) and EOS (Electri
cal overstress). Rin is a small resistance to further protect the 
input buffer from ESD. 
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18.0 TIMING DIAGRAMS 
FIGURE 18.1 - RTCC TIMING 

RTCC 

TRTH ___,., 
I 
:- TRTL 
I 

TRTP 

FIGURE 18.2 - OSCILLATOR START-UP TIMING (RC mode) 

' 

-· I I 
I 

PIC16CR57A 

--- VIH 

VIHMC ~. --------
MCLR ~i :--- Tcv-------Tcv __ _ 

CLKOUT 

DEVICE 
FUNCTION 

TOST T1 

------------------~ 
L __ 

' ' 
---- RESET ----: ~~~E ~~~~~~1~p ~~~E \~~:~J~oN :- - - - -

' ' 

FIGURE 18.3 - INPUT/OUTPUT TIMING FOR 1/0 PORTS 

OSC1 

CLKOUT 

VO Pin 
(Input) 

Q4 01 

l----------+~!~•~•:TosH2~L 

r i-T~ : TroV2osH 
~T~ioV 

02 03 

: : 
i+--+: TosH2~ i ;,-: --------! 

TosH2ioV i 
;-------+---------+-----------! 

l/O Pin 
(ou1put) old value 

TioR, TioF 
Notes: 
1. All timings ara tested with specified capacitive loads 
2. CLKOUT Is available only In RC oscillator mode 
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19.0 DC & AC CHARACTERISTICS GRAPHS/TABLES 

NOT AVAILABLE AT THIS TIME 
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20.0 PACKAGING DIAGRAMS AND DIMENSIONS 

See Section 11 of the Data Book. 

20.1 package Marking Information 

28LSOIC Example 

MMMMM.MMMMMMMMMMMMMXX 
xxxxxxxxxxxxxxxxxxxx 

PIC16CR57A-XT/SO 

~ AABB CDE ~ 9351 CBK 

28L PDIP (.300 mll) Example 

0 

xxxxxxxxxxxxxxx 0 xxxxxxxxxxxxxxx 
~AABB CDE 

PIC16CR57A 0 RCI/P456 
~9323 CBA 

28LSSOP Example 

xxxxxxxxxxxx 
xxxxxxxxxxxx 

PIC16CR57A-XT 

Q~AABB CDE 0 ~9325 CBK 

28L PDIP (.600 mil) Example 

0 

MMMMMMMMMMMMXXX 
MMMMMMMMXXXXXXX 0 xxxxxxxxxxxxxxxQ 
~~ 0 

PIC16CR57A 

0 XTI/P126 

~~ 
0 

Legend: MM ... M Microchip part number information 
Customer specific information* xx ... x 

AA 
BB 
c 

Year code (last 2 digits of calendar year) 
Week code (week of January 1 is week '01 ') 
Facility code of the plant at which wafer is manufactured. 
C =Chandler, Arizona, U.S.A. 

D Mask revision number 
E Assembly code of the plant or country of origin in which 

part was assembled. 

Note: In the event the full Microchip part number can not be marked on one 
line, it will be carried over to the next line thus limiting the number 
of available characters for customer specific information. 

•Standard OTP marking consists of Microchip part number, year code, week code, 
facility code, mask rev#, and assembly code. For OTP marking beyond this, 
certain price adders apply. Please check with your Microchip Sales Office. For 
QTP devices, any special marking adders are incuded in QTP price. 
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Block diagrams: 

Chip ...................................................•................ 4 
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RTCC & WOT .................................................. 17 
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RTCC ................................................................. 6 
PC ...................................................................... 9 
STATUS ........................................................... 12 
FSR .................................................................. 12 

110 ports .................................................................. 14 
ID locations ............................................................. 25 
Indirect addressing .................................................... 6 
Instruction set ..................................................... 18, 19 
OPTION register ..............................•...................... 17 
Oscillator ........................................................... 20-22 
Oscillator Start-up Timer ......................................... 22 
OTP devices .............................................................. 6 
Package information ............................................... 37 
Page select (Program memory) ................................ 7 
PD bit ................................................................. 11, 12 
Pin-out information ............................................... 1,28 
Power Down mode (SLEEP) ................................... 25 
Power-On Reset ................................................ 22-24 
Prescaler (RTCC/WDT) ..................................... 15, 16 
Program Counter .................................................. 9,10 
Program memory map ............................................ 1 O 
Programming information ........................................ 26 
OTP devices .............................................................. 6 
Real Time Clock/Counter (RTCC) ................ 8,9, 17, 18 
RESET .................................................................... 17 
SLEEP ..................................................................... 25 
Stack ......................................................................... 9 
Status register ........................................................... 9 
Timing diagrams 

1/0 pin ......................................................... 14,35 
Oscillator Start-up timing .................................. 35 
Power On Reset .......................................... 23,24 
RTCC timing .............................................. 6,7,34 

TO bit ...................................................................... 10 
TRIS registers ......................................................... 15 
UV Erasable devices ................................................. 5 
W register ................................•..................•...•........ 15 
WDT .......................•..............•................................. 20 
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CONNECTING TO MICROCHIP BBS 

Connect world wide to the Microchip BBS using the 
CompuServe communications network. In most cases 
a local call is your only expense. The Microchip BBS 
connection does not use CompuServe membership 
services, therefore you do not need CompuServe 
membership to join Microchlp's BBS. 

The procedure to connect will vary slightly from country 
to country. Please check with your local CompuServe 
agent for details if you have a problem. CompuServe 
services allows multiple users at baud rates up to 9600. 

To connect: 

1. Set your modem to 8-bit, No parity, and One stop 
(8N1). This is not the normal CompuServe setting 
which is 7E1. 

2. Dial your local CompuServe phone number. 

3. Depress <ENTER> and a garbage string will appear 
because CompuServe is expecting a 7E1 setting. 

4. Type + <ENTER> and Host Name: will appear. 

5. Type MCHIPBBS<ENTER> and you will be con
nected to the Microchip BBS. 

In the United States, to find CompuServe's phone num
ber closestto you, set your modem to 7E1 and dial (800) 
848-4480 for 300-2400 baud or(800) 331-7166for9600 
baud connection. After the system responds with Host 

Name:, type 

NETWORK<ENTER> and follow CompuServe's direc
tions. 

For voice information (or calling from overseas), you 
may call (614) 457-1550 for your local CompuServe 
number. 

PIC16CR57A 

Trademarks: 

PIC is a registered trademark of Microchip Technology 
Incorporated in the U.S.A. 

The Microchip logo and name are trademarks of Microchip 
Technology Incorporated. 

PICMASTER, PRO MATE and Pl CST ART are trademarks of 
Microchip Technology Incorporated. 

IBM PC and AT are registered trademarks of IBM Corpora
tion. 

MS DOS and Microsoft Windows are registered trademarks 
of Microsoft Corporation. 

CompuServe is a registered trademark of CompuServe Inc. 

All other trademarks mentioned herein are the property of 
their respective companies. 
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PIC16CR57A Product Identification System 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 

PARTNO. ·XX X /XX XXX 
--.--- -r 

~ 
Pattern: 3-Diglt Pattern Code for OTP (factory specified) 

(blank for OTP and Windowed Parts) Examples: 

Package: p = PDIP (300 or 600 mil) 
a) PIC16CR57A • 04/P301 

so= SOIC (Gull Wing, 300 mil body) = Commercial temp., 

SS = SSOP (209 mil) PDIP package, 
4 MHz, standard V DD limits, 

J Temperature - = o· C t> + 70"C (T for tape/reel) OTP pattern # 301 

l Range: I = -40" C t> +85"C (S for tape/reel) b) PIC16LCR57A-041/S0495 
= Industrial temp., 

J Frequency 04 = 4MHz SOIC package, 

I Range: 10 = 10MHz 4 MHz, extended V DD limits 

20 = 20MHz c) PIC16CR57A- 20I/P351 
= Industrial temp., 

J Device: PIC16CR57 A : Standard VDD range PDIP package, 
I PIC16LCR57A: Extended Voo range 20 MHz, standard V DD limits 

Sales and Support 

Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and 
recommended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1. Your local Microchip sales office (see below) 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip's Bulletin Board, via your local Compuserve number. 

Please specify which device, revision of silicon and Data Sheet (include Literature#) you are using. 

For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345or1-602-786-7302. 
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MICROCHIP PIC16C64 
40-Pin EPROM-Based 8-Bit CMOS Microcontroller 

FEATURES 
High-performance RISC-like CPU 
• Only 35 single word instructions to learn 
• All single cycle instructions (200ns) except for pro

gram branches which are two-cycle 
• Operating speed: DC - 20 MHz clock input 

DC - 200ns instruction cycle 
• 14-bit wide instructions and 8-bit wide data path 
• 2048 x 14 on-chip EPROM program memory 
• 128 x 8 general purpose registers (SAAM) 
• Interrupt capability 
• 33 special function hardware registers 
• Eight-level deep hardware stack 
• Direct, indirect and relative addressing modes 
Peripheral Features 
• 33 1/0 pins with individual direction control 
• High current sink/source for direct LED drive 
• One pin that can be configured as capture input, 

PWM output, or compare output 
- Capture is 16-bit, max resolution 200ns 
- Compare is 16-bit, max resolution 200ns 
- PWM resolution is 1- to 10-bit. 8-bit resolution gives 

80 KHz maximum frequency and 10-bit resolution 
gives 20 KHz maximum frequency 

• TMR1: 16-bit timer/counter (time-base for capture/ 
compare) 

• TMR2: 8-bit timer/counter with 8-bit period register 
(time-base for PWM), prescaler and postscaler 

• TMRO: 8-bit timer/counter with 8-bit programmable 
prescaler 

• Para!Jgt_Slave__.E_ort (PSP): 8-bit wide, with external 
RD, WR and CS controls (microprocessor bus inter
face) 

• Synchronous serial port (SSP) with two modes of 
operation: 
- 3-wire SPI 
- 12C™/ACCESS.bus™ compatible 

Special Microcontroller Features 
• Power-On Reset (POR) 
• Power-up Timer (PWRT) 
• Oscillator Start-up Timer (OST) 
• Watchdog Timer (WOT) with its own on-chip RC 

oscillator for reliable operation 
• Security EPROM fuses for code-protection 
• Power saving SLEEP mode 
• EPROM fuse selectable oscillator options: 

(RC oscillator, Standard crystal/resonator, High-speed 
crystal/resonator, Low frequency crystal) 

• Serial in-system programming (via two pins) 
CMOS Technology 
• Low-power, high-speed CMOS EPROM technology 
• Fully static design 
• Wide-operating voltage range (2.5V to 6.0V) 
• Commercial, Industrial, and Automotive Temp. Range 
• Low-power consumption 

- < 2mA @ 5V, 4 MHz 
- 15µA typical @ 3V, 32 KHz 
- < 1 µA typical standby current 

PACKAGE TYPES 

PDIP, MCLIWPP_,..,.....-"T"">,..-,,....._RB7 

Windowed RA•- -A .. 
RA1--- ---RBS 

CERDIP RA2..-. - RB4 

PLCC 

RA3..__ --- RB3 
RMITOCKI--- ...- RB2 

RAS/SS--- --RB1 
REOIRD--
RE11WA--- 9 
RE2JCS---

OSC2/CLKOUT ,._ 

---RBMNT 
-voo 
-vss 
--- R07/ PSP7 
--R061PSP6 
--RD5'PSP5 
.__ R04/PSP4 

-RC7 
-RC6 

RC2/CCP1 --- 17 --- RC51SOO 
RC3'SCK/SCL .__ 18 --RC41SDl/SOA 

RDO/PSPO--- --- RD3'PSP3 
RD11PSP1 ---~~-~21~---RD2/PSP2 

~ 
~~- ~ISoSi:B~ Clio a::a::~ a:~za:a:a: a::z 

11111 1111 
<011)~(']('1..-;~~;:~ 

RA4/TOCKl
RA51SS
REOIRD
RE11Wli-

0 39 
38 
37 
38 

-RB3 
-RB2 
-RB1 
- ABO/INT 

" RE2/CS
Voo
Vss

OSC1/CLKIN -
OSC2/CLKOUT -

RCOITOOSO/T1CKI -
NC 

PQFP 

RC7-
RD41PSP4-
RD5JPSPS
RD61PSP6-
R071PSP7-

vss-
vao-

PIC16C64 : 
33 
32 

-vao 
-vss 
- A07/PSP7 
- AD6/PSP6 
- RD5/PSP5 
- RD4/PSP4 
-RC7 

NC 
- ACOITOOSOIT1CKI 

31 - OSC2/CLKOUT 
30 - OSC1/Q.KIN 

PIC16C64 ~ 
27 
26 
25 
24 

RBOllNT
RB1-
RB2-
RB3- 23 

i\){;)'.;:~$~;»~~~~ 
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PIC16C64 

1.0 GENERAL DESCRIPTION 

The PIC16C64 is the first 4- pin member of the versatile 
PIC16CXX family of low-cost, high-performance, CMOS, 
fully static, EPROM-based 8-bit microcontrollers. 

All PIC16CXX microcontrollers employ an advanced 
RISC-like architecture. The PIC16CXX has enhanced 
core features, 8-level deep stack, and multiple internal 
and external interrupt sources. The separate instruction 
and data buses of the Harvard architecture allow a 14-
bit wide instruction word with the separate 8-bit wide 
data. The two stage instruction pipeline allows all 
instructions to execute in a single cycle, except for 
program branches (which require two cycles). A total of 
35 instructions (reduced instruction set) are available. 
Additionally, a large register set gives some of the 
architectural innovations used to achieve a very high 
performance. PIC16CXX microcontrollers typically 
achieve a 2:1 code compression and a 4:1 speed 
improvement over other 8-bit microcontrollers in its 
class. 

The PIC16C64 has 128 bytes of RAM and 331/0 pins. 
In addition, the PIC16C64 adds several peripheral fea
tures useful in many high performance applications 
including; three timer/counters, capture, compare, PWM 
features and serial ports. The synchronous serial port 
can be configured as either a 3-wire SPI or 12C. An 8-bit 
Parallel slave port is also provided. 

The PIC16C64 has specialfeatures which reduce exter
nal components, thus reducing cost, enhancing system 
reliability and reducing power consumption. There are 
four oscillator options, of which the single pin RC oscil
lator provides a low-cost solution, the LP oscillator 
minimizes power consumption, XT is a standard crystal, 
and the HS is for High-Speed crystals. The SLEEP 
(power- down) mode offers power saving. The user can 
wake up the chip from SLEEP through several external 
and internal interrupts and reset. 

A highly reliable watchdog timer with its own on-chip RC 
oscillator provides protection against software malfunc
tion. 

A UV-erasable cerdip-packaged version is ideal for code 
development while the cost-effective One Time Pro
grammable (OTP) version is suitable for production in 
any volume. 

Table 1-1 shows the features of the PIC16C64 as well as 
the other members of the PIC16CXX enhanced core 
family. 

A simplified block diagram of the PIC16C64 is shown in 
Figure 3-1. 

The PIC16C64 fits perfectly in applications ranging from 
high speed automotive and appliance motor control to 
low-power remote sensors, keyboards and telecom 
processors. The EPROM technology makes customiza
tion of application programs (transmitter codes, motor 
speeds, receiver frequencies, etc.) extremely fast and 
convenient. The small footprint packages for through 
hole or surface mounting make this microcontroller 
series perfect for all applications with space limitations. 
Low-cost, low-power, high performance, ease of use 
and 110 flexibility make the PIC16C64 very versatile 
even in areas where no microcontroller use has been 
considered before (e.g. timer functions, replacement of 
"glue" logic in larger systems, co-processor applica
tions). 

1.1 Family and Upward Compatibility 

Those users familiar with the PIC16C5X family of micro
controllers will realize that this is an enhanced version of 
the PICl 6C5X architecture. Please refer to Appendix A 
for a detailed list of modifications. Code written for 
PIC16C5X can be easily ported to PIC16CXX family of 
devices (see Appendix B). 

1.2 Development Support 

The PIC16CXX family is supported by a full-featured 
macro assembler, a software simulator, an in-circuit 
emulator, a low-cost development programmer and a 
production quality programmer. A •c• compiler and 
fuzzy logic support tools are in development. 
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TABLE 1-1: PIC16CXX FAMILY OF DEVICES 

PIC16C74t PIC16C71t PIC16C84t 

Maximum Frequency of Operation 20MHz 16 MHz 10MHz 

EPROM 4K 1K 
Program Memory (14-bit wide) 

EEPROM 1K 

Data Memory (bytes) 192 36 36 

Data EEPROM (bytes) 64 

Timer O (8-bit + 8-bit prescaler) Yes Yes Yes 

• Timer 1 (16-bit) Yes 

Timer 2 (8-bit) Yes 

Capture/Compare/PWM Module(s) 2 

Synchronous Serial Port (SPl/12C) Yes 

Serial Communications Interface (USART) Yes 

Parallel Slave Port Yes 

Analog to Digital Converter (8-bit) Sch. 4ch. 

Power On Reset Yes Yes Yes 

Watchdog Timer Yes Yes Yes 

External Interrupts Yes Yes Yes 

Interrupt Sources 12 4 4 

Program Memory Code Protect Yes Yes Yes 

1/0 33 13 13 

1/0 High Current Capability Source 25mA 20mA 20mA 

Sink 25mA 25mA 25mA 

40-pin DIP, 18-pin DIP 18-pin DIP 
Package Types 44-pin PLCC, 18-pin SOIC 18-pin SOIC 

44-pin POFP 

t For information on these devices please refer to their respective data sheets. 
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2.0 PIC16C64 DEVICE VARIETIES 
A variety of frequency ranges and packaging options are 
available. Depending on application and production 
requirements the proper device option can be selected 
using the infonnation and tables in this section. When 
placing orders, please use the "PIC16C64 Product Iden
tification System" on the back page of this data sheet to 
specify the correct part number. 

2.1 UV Erasable Devices 

The UV erasable version, offered in cerdip package is 
optimal for prototype development and pilot programs. 

The UV erasable version can be erased and repro
grammed to any of the oscillator modes etc. Microchip's 
PICSTART™ and PRO MA TE~ programmers supports 
programming of the PIC16C64. 

2.2 One-Time-Programmable (OTP) Devices 

The availability of OTP devices is especially useful for 
customers expecting frequent code changes and up
dates. 

The OTP devices, packaged in plastic packages pennit 
the user to program them once. In addition to the 
program memory, the configuration fuses must be pro
grammed. 

2.3 Quick-Turnaround-Production (QTP} 
Devices 

Microchip offers a QTP Programming Service for factory 
production orders. This service is made available for 
users who chose not to program a medium to high 
quantity of units and whose code patterns have stabi
lized. The devices are identical to the OTP devices but 
with all EPROM locations and fuse options already 
programmed by the factory. Certain code and prototype 
verification procedures do apply before production ship
ments are available. Please contact your Microchip 
Technology sales office for more details. 

2.4 Serialized Quick-Turnaround-Production 
(SQTP} Devices 

Microchip offers the unique programming service where 
a few user defined locations in each device are pro
grammed with different serial numbers. The serial 
numbers may be random, pseudo-random or sequen
tial. 

Serial programming allows each device to have a unique 
number which can serve as an entry-code, password or 
ID number. 

3.0 ARCHITECTURAL OVERVIEW 

The high performance of the PIC16CXX family can be 
attributed to a number of architectural features com
monly found in RISC microprocessors. To begin with, 
the PIC16CXX uses a Harvard architecture, in which, 
program and data are accessed from separate memo
ries. This improves bandwidth over traditional Von
Neuman architecture where program and data are 
fetched from the same memory. Separating program 
and data memory further allows instructions to be sized 
differently than 8-bit wide data word. Instruction op
codes are 14-bit wide making it possible to have all 
single word instructions. A 14-bit wide program memory 
access bus fetches a 14·bit instruction in a single cycle. 
A two-stage pipeline overlaps fetch and execution of 
instructions (see Figure 3-1). Consequently, all instruc
tions (35) execute in a single cycle (200ns @ 20 MHz) 
except for program branches. 

The PIC16C64 addresses 2K x 14 program memory 
space, all on-chip. Program execution in microcontroller 
mode is internal only. 

The PIC16CXX can directly or indirectly address its 
register files or data memory. All special function 
registers including the program counter are mapped in 
the data memory. The PIC16CXX has a fairly orthogonal 
(symmetrical) instruction set that makes it possible to 
carry out any operation on any register using any ad
dressing mode. This symmetrical nature and lack of 
'special optimal situations' make programming with the 
PIC16CXX simple yet efficient. In addition, the learning 
curve is reduced significantly. 

The PIC16CXX device contains an 8-bit ALU and work
ing register. The ALU is a general purpose arithmetic 
unit. It performs arithmetic and Boolean functions be
tween data in the working register and any register file. 

The ALU is 8-bit wide and capable of addition, subtrac
tion, shift and logical operations. Unless otherwise 
mentioned, arithmetic operations are two's complement 
in nature. In two-operand instructions, typically one 
operand is the working register (W register). The other 
operand is a file register or an immediate constant. In 
single operand instructions, the operand is either the W 
register or a file register. 

The W register is an 8-bit working register used for ALU 
operations. It is not an addressable register. 

Depending on the instruction executed, the ALU may 
affect the values of the Carry (C), Digit Carry (DC), and 
Zero (Z)bits inthe STATUS register. The Cand DC bits 
operate as a borrow out bit in subtraction. See the 
SUBLW and SUBWF instructions for examples. 

A simplified block diagram is shown in Figure 3-1, with a 
description of the device pins in Table 3-1. 
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FIGURE 3-1: PIC16C64 BLOCK DIAGRAM 
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t Higher order bits are from STATUS register. 
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TABLE 3-1: PIC16C64 PINOUT DESCRIPTION 

Pin 

Name DIP PLCC PQFP 1/0/P Buffer Description 
No. No. No. Type Type 

OSC1/CLKIN 13 14 30 I CMOS Oscillator crystal input/external clock source input. 

OSC2/CLKOUT 14 15 31 0 - Oscillator c~stal output. Connects to c~stal or resonator in 
crcstal oscil ator mode. In RC mode, 0 C2 gin outputs 
C KOUT which has 1/4 the frequency of OS 1, and denotes 
the instruction cycle rate. 

--
Ma..ANPP 1 2 18 l/P ST Master clear (reset) input/programming voltage input. This 

pin is an active low reset to the device. 

RAO 2 3 19 1/0 TTL 
PORT A is a bidirectional 1/0 port. 

RA1 3 4 20 1/0 TTL 

RA2 4 s 21 1/0 TTL 

RA3 s 6 22 1/0 TTL 

RA4/TOCKI 6 7 23 1/0 ST Can also be selected to be the clock input to the TMRO 
- timer/counter. Output is open collector type. 

RAS/SS 7 8 24 1/0 TTL Can also be the slave select for the synchronous serial 
port. 

PORTS is a bidirectional 1/0 ~ort. Port B can be software 
programmed for internal wea pull-up on all inputs. 

ABO/INT 33 36 8 1/0 TTUSTt ABO/INT can also be selected as an external interrupt pin. 

RB1 34 37 9 1/0 TTL 

RB2 3S 38 10 1/0 TTL 

RB3 36 39 11 1/0 TTL 

RB4 37 41 14 1/0 TTL Interrupt on change pin. 

RBS 38 42 15 1/0 TTL Interrupt on change pin. 

RB6 39 43 16 1/0 TTUSTi Interrupt on change pin. Serial programming clock. 

RB7 40 44 17 1/0 TTUSTi Interrupt on change pin. Serial programming data. 

PORTC is a bidirectional 110 port. 

RCO/TOOSO 1S 16 32 1/0 ST RCO/T1 CKI can also be selected as a Timer1 clock/ 
/T1CKI oscillator input. 

RC1/TOOSI 16 18 35 1/0 ST RC1/T1CKO can also be selected as a Timer1 oscillator 
output. 

RC2/CCP1 17 19 36 1/0 ST RC2/CCP1 can also be selected as a capture1 input/ 
compare1 output/PWM1 output. 

RC3/SCK/SCL 18 20 37 1/0 ST RC3/SCK/SCL can also be selected as the synchronous 
serial clock for both SPI and 12C modes. 

RC4/SDl/SDA 23 2S 42 1/0 ST RC4/SDl/SDA can also be selected as the SPI Data In 
(SPI mode) or data 110 (12C mode). 

RCS/SDO 24 26 43 1/0 ST RCS/SDO can also be selected as the SPI Data Out (SPI 
mode). 

RC6 25 27 44 1/0 ST 

RC7 26 29 1 1/0 ST 

Legend: I = input, 0 = output, 1/0 = input/output, P = power; (Cont.) 
- =Not used, TTL = TTL input, ST= Schmitt trigger input 

t This buffer is a Schmitt triger input when configured as the external interrupt. 
:j: This buffer is a Schmitt Trigger input when used in serial programming mode. 
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TABLE 3-1: PIC16C64 PINOUT DESCRIPTION (CONT.) 

Pin 

Name DIP PLCC PQFP 1/0/P Buffer Description 
No. No. No. Type Type 

PORTO is a bidirectional 110 port or parallel slave port for 

RDO/PSPO 19 21 38 110 ST/TTL§ 
interfacing to a microprocessor bus. 

RD1/PSP1 20 22 39 110 ST/TTL§ 

RD2/PSP2 21 23 40 110 ST/TTL§ 

RD3/PSP3 22 24 41 110 ST/TTL§ 

RD4/PSP4 27 30 2 110 ST/TTL§ 

RD5/PSP5 28 31 3 110 ST/TTL§ 

RD6/PSP6 29 32 4 110 ST/TTL§ 

RD7/PSP7 30 33 5 110 ST/TTL§ 

-
REO/RD 8 9 25 110 ST/TTL§ Bidirectional 110 pin or read control for parallel slave port. 

-
RE1/WR 9 10 26 110 ST/TTL§ Bidirectional 110 pin or write control for parallel slave port. 

-
RE2/CS 10 11 27 110 ST/TTL§ Bidirectional 110 pin or select control for parallel slave port. 

Vss 12,31 13,34 6,29 p - Ground reference for logic and 110 pins. 

Voo 11,32 12,35 7,28 p - Positive supply for logic and 110 pins. 

NC - 1,17 12,13 - These pins are not internally connected. These pins should 
28,40 33,34 be left unconnected. 

Legend: I = input, 0 = output, 110 = input/output, P = power; 
- = Not used, TTL = TTL input, ST = Schmitt trigger input 

§ This buffer is a Schmitt trigger input when configured as general purpose 1/0 and a TTL input when 
used in the parallel slave port mode (for interfacing to a microprocessor bus). 
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3.1 Clocking Scheme/Instruction Cycle 

The clock input (from pin OSC1) is internally divided by 
four to generate four non-overlapping quadrature clocks 
namely Q1, Q2, Q3 and Q4. Internally, the PC is 
incremented every Q1, the instruction is fetched from 
the program memory and latched into the instruction 
register in Q4. The instruction is decoded and executed 
during the following Q1 through Q4. The clocks and 
instruction execution flow is shown in Figure 3-2. 

FIGURE 3-2: CLOCK/INSTRUCTION CYCLE 

3.2 lnstryctjon Flow/Pipelining 

An "Instruction Cycle" consists of four a cycles (Q1, Q2, 
Q3 and Q4). The instruction. fetch and execute are 
pipelined such that fetch takes one instruction cycle 
while decode and execute takes another instruction 
cycle. However, due to the pipelining, each instruction 
effectively executes in one cycle. If an instruction 
causes the program counter to change (e.g. GOTO) 
then two cycles are required to complete the instruction 
(see Example 3-1). 

A fetch cycle begins with the program counter (PC) 
incrementing in Q1. 

In the execution cycle, the fetched instruction is latched 
into the "Instruction Register (IA)" in cycle Q1. This 
instruction is then decoded and executed during the Q2, 
Q3 and Q4 cycles. Data memory is read during Q2 
(operand read) and written during Q4 (destination write). 

C11C2103I04 C11C2103IQ4 C11C21031Q4 

OSC1 ' 

Q1 

,_________,:} = 
~--.-----~ : Clod<s 

'~------~ ' QI 

~.l..._ ___ __,_~=------?'----~PC""-'-+~1-----!'-----~PC~+~2~-----i 
(Program Counter) ' 

OSC2/CLKOUT 

(RCMode) 't----=~==-----1 
Felch INST (PC) 

EXl!QllelNST PC-1 Felch INST PC+1 
EXl!Qlle INST (PC) 

EXAMPLE3-1: INSTRUCTION PIPELINE FLOW 

1.MOVLW 55h [ Fetch 1 J Execute 1 

2.MOVWF PORTB 1 Fetch 2 Execute2 

3.CALL SUB_l Fetch 3 

4.BSF PORTA, BIT3 

Execute 3 1 
Fetch4 

L Fetch SUB_1J 

All instructions are single cycle, except for any program branches. These take two cycles since the fetched 
instruction is 'flushed' from the pipeline while the new instruction is being fetched and then executed. 
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4.0 MEMORY ORGANIZATION 

4.1 Program Memory Organization 

The PIC16C64 has a 13-bit program counter capable of 
addressing an SK x 14 program memory space. Only the 
first 2K x 14 (OOOOh - 07FFh) are physically imple
mented. Accessing a location above 7FFh will cause a 
wrap-around within the first 2K x 14 space. The reset 
vector is at OOOOh and the interrupt vector is at 0004h 
(see Figure 4-1 ). 

FIGURE 4-1: PROGRAM MEMORY MAP 
AND STACK 

PC <12:0> 

CALL, RETURN 
RETFIE, RETLW 

13 

Stack Level 1 

Stack Level S 

Reset Vector 

Interrupt Vector 
t--~~~~~~~--t 

0004 

0005 
On-chip 
Program 
Memory 07FFh 

•••• OSOOh 

1FFFh 

Configuration Fuses• 2007h 

• In Test Program Memory Space 

4.2 Data Memory Organization 

The data memory (see Figure 4-2) is composed of the 
general purpose register file and the special registers. 
The data memory extends up to 7Fh. The first 32 
locations are used to map special function registers. 
Locations 20h - 7Fh (Bank O) and AOh-BFh (Bank 1) are 
general purpose registers implemented as static RAM. 
There are two register file page select bits in the STATUS 
register allowing selection from up to four Banks. Some 
special function registers are mapped in Bank 1. 

4.2.1 GENERAL PURPOSE REGISTER FILE 

The register file, in PIC16C64 is organized as 128x8. It 
is accessed either directly or indirectly through the file 
select register FSA. 

PIC16C64 

FIGURE 4-2: REGISTER FILE MAP 

File 
address 

....--~~~~-.....~~~~---. 

00 Indirect addr.(') Indirect addr.(') SO 

01 TMRO OPTION S1 

02 PCL PCL S2 

03 STATUS STATUS S3 
t--~~~~-+-~~~~--< 

04 FSR FSR 84 

05 PORT A TRIS A S5 

06 PORT B TRIS B S6 

07 PORT C TRIS C S7 

OS PORT D TRIS D SS 

09 PORTE TRIS E S9 

OA PCLATH PCLATH SA 

OB INTCON INTCON SB 

OC PIR1 PIE1 SC 

OD SD 

OE SE 

OF TMR1H SF 

10 T1CON 90 

11 TMR2 91 

12 T2CON 92 

13 SSPBUF 93 

14 SSPCON 94 

15 CCPR1L 95 

16 CCPR1H 96 

17 97 

1S 9S 

19 99 

1A 9A 

1B 98 

1C 9C 

10 90 

1E 9E 

1F 9F 

20 AO 

7F 

General 
Purpose 
Register 

Banko 

• Not a physical register 

Bank 1 

BF 
co 

FF 

1!11 Unimplemented data memory locations; read as 'O's 
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4.2.2 SPECIAL FUNCTION REGISTERS: The special registers can be classified into two sets. The 
special registers associated with the 'core" functions are 
described in this section. Those related to the operation 
of the peripheral features are described in the section of 
that peripheral feature. 

The special function registers are registers used by the 
CPU and Peripheral functions for controlling the desired 
operation of the device (see Table 4-1 ). These registers 
are static RAM. 

TABLE 4-1: SPECIAL REGISTERS FOR THE PIC16C64 
Address Name Bit7 Bit 6 Bit 5 

Banko 

Bit4 Bit 3 Bit2 Bit 1 BitO 

OOt INDF Addressing this location uses contents of FSR to address data memory 
(Indirect Address) (not a physical register) 

01 TMRO TimerQ 

02t PCL Program Counte(s (PC's) Least Significant Byte 

03t STATUS -- RPO TO P5 z DC c 
04t FSA Indirect data memory address pointer 

05 PORTA PortA Data Latch where written to PortA pins when read 

06 PORTB PortB Data Latch where written to Porte pins when read 

07 PORTC Porte Data Latch where written to PortC pins when read 

08 PORTO PortD Data Latch where written to Porto pins when read 

09 PORTE PortE Data Latch where written to PortE pins when read 

OAt PCLATH Buffered Register for the upper 5 bits of the Program Counter (PC) 

OBt INTCON GIE PEIE RTIE INTE RBIE RTIF INTF RBIF 

oc PIR1 PSPIF SSPIF CCP11F TMR21F TMR11F 

~ < 

OE TMR1L Timer1 Least Significant Byte 

OF TMR1H Timer1 Most SignHicant Byte 

10 T1CON T1CKPS1 T1CKPSO T10SCEN T11NSYNC TMR1CS TMR10N 

11 TMR2 Timer2 

12 T2CON TOUTPS3 TOUTPS2 TOUTPS1 TOUTPSO TMR20N T2CKPS1 T2CKPSO 

13 SSPBUF Synchronous Serial Port Receive BufferfTransmit Register 

14 SS PC ON WCOL SS POV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPMO 

15 CCPR1L Capture/Compare/Duty Cycle Register (LSB) 

16 CCPR1H Capture/Compare/Duty Cycle Register (MSB) 

17 CCP1CON CCP1X CCP1Y CCP1M3 CCP1M2 CCP1M1 CCP1MO 

Bank1 

sot INDF 
(Indirect Address) 

81 OPTION PS1 PSO 

82t PCL Least Significant Byte 

83t STATUS RPO TO PD z DC c 
84t FSA 

85 TRISA PortA Data Direction Register 

86 TRISB Porte Data Direction Register 

87 TRISC PortC Data Direction Register 

88 TRISD 

89 TRISE TRISEO 

8At PCLATH 

8Bt INTCON RBIF 

DS3021 BB-page 10 lP n~ ~~mi lril©lll}f © 1994 Microchip Technology Inc. 
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4.2.2.1 STATUS Register 

The STATUS register contains the arithmetic status of 
the ALU, the RESET status, and the page preselect bits 
for data memory. 

It is recommended, therefore, that only BCF, BSF and 
MOVWF instructions are used to alter the status registers 
because these instructions do not affect any status bit. 
For other instructions, affecting any status bits, see the 
"Instruction Set Summary•. 

The STATUS register can be the destination for any 
instruction, like any other register. If the STATUS regis
ter is the destination for an instruction that affects the Z, 
DC orC bits, then the write to these three bits is disabled. 
These bits are set or cleared according to the logic. 

Furthermore, TO and PD bits are not writable. There
fore, the result of an instruction with the STATUS regis
ter as destination may be different than intended. 

Forexample,CLRF STATUS willcleartheupperthreebits 
and set the Z bit. This leaves the status register as 
OOOUU1 UU (where U = unchanged). 

FIGURE 4-3: STATUS REGISTER 

R R 

10 FD z 

© 1994 Microchip Technology Inc. 

cc c 
Register: STATUS 
Address: 03h or 83h 
Reset value: OOO??XXX 

bitO To, Po are set or cleared specially 

C: CarrylbOrrow bit. 
For ADDWF and ADDLW Instructions. 

PHI: Readable & writable 
R Readonly 
U Unimplemented, 

readas'O' 

1 = A carry-out from the most significant bit of the result occurred. 
Note that a subtraction is executed by adding the two's 
complement of the second operand. For rotate (RRF, RLF) 
instructions, this bit is loaded with either the high or low order bit 
of the source register. 

O = No carry-out from the most significant bit of the result. 
Note: For Borrow the polartty Is reversed. 

DC: Digit carry/borrow bit. 
For ADDWF and ADDLW Instructions. 
1 = A carry-out from the 4th low order bit of the result occurred. 
o = No carry-out from the 4th low order bit of the result. 
Note: For Borrow the polarity is reversed. 

Z: Zero bit. 
1 = The result of an arithmetic or logic operation Is zero. 
o = The result of an arithmetic or logical operation is not zero. 

PD: Power down bit. 
1 = After power-up or by a CLRWDT command. 
o = By execution of the SLEEP instruction. 

TO: Time-out bit 
1 = After power-up and by the CLRWDT and SLEEP Instruction. 
0 = A watchdog timer time-out has occurred. 

RP<1 :0>: Register page select bits for direct addressing. 

00 = Bank 0 (OOh - 7Fh) 
01 = Bank 1 (80h - FFh) 
10 =Bank 2 (100h -17Fh) 
11 = Bank3 (180h-1FFh) 

Each page Is 128 bytes. 
Only the RPO bit Is used by the PIC16C64. RP1 should be programmed as 
'O'. Using the RP1 bit as a general purpose read/wrtte bit Is not 
recommended, since this may affect upward compatlblllty with future 
products. 

IRP: Register page select bits for Indirect addressing. 
0 = Bank 0, 1 (OOh - FFh) 
1 = Bank 2,3 (1 OOh - 1 FFh) 

The IRP bit is not used by the PIC16C64. IRP should be programmed as 'O'. 
Use of the IRP bit as a general purpose read/write bit Is not recommended. 
since this may affect upward compatibility with future products. 
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4.2.2.2 OPTION Register 

The OPTION register (address 81h) is a readable and 
writable register which contains various control bits to 
configure the prescaler, the external INT interrupt, TMRO, 
and the weak pull-ups on PORTS. 

FIGURE 4-4: OPTION REGISTER 

A/W A/W A/W A/W A/W A/W A/W A/W 

l RSPuj INTEOGl RTS l RTE l PsAjPs2 lPs1jPso J Address: 81h R/W: Readable & writable 
Read only 
Unimplemented. 
Read as 'O' 7 

05302188-page 12 

bitO 

"'---~-__,/ 

Reset value: FRl R 
u 

PRESCALER VALUE 
PS2 PS1 PSO 

0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 

PSA: Prescaler assignment bit. 
1 = Prescaler assigned to the WOT 
O = Prescaler assigned to TMRO 

RTE: TMRO signal edge. 

TMRO RATE WOT RATE 

1 : 2 1 
1 : 4 2 
1 : 8 4 
1 : 16 8 
1 : 32 16 
1:64 32 
1 : 128 64 
1 : 256 128 

1 = Increment on high-to-low transition on RA4/TOCKI pin 
O = Increment on low-to-high transition on RA4frOCKI pin 

RTS: TMRO signal source. 
1 =Transition on RA4frOCKI pin 
O = Internal instruction cycle clock (CLKOUT) 

INTEDG: Interrupt edge select. 

1 = Interrupt on rising edge 
O = Interrupt on falling ecfge 

RBPU: Port B pull-up enable. 

1 = Port B pull-ups are disabled overriding any port latch value 
O = Port B pull-ups are enabled by individual port-latch values 

IPir~~~m~llil~irw c 1994 Microchip Technology Inc. 
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4.2.2.3 INTCON Register 

The PIC16C64 has eight sources of interrupt: 

• External interrupt from ABO/INT pin 
• TimerO overflow 
• Interrupt on change on RB<7:4> pins 
• Timer1 overflow 
• Timer2 matches period register 
• A capture, a compare, or a PWM output is reset 
• The synchronous serial port 
• The parallel slave port read/write 

The interrupt control register (INTCON) records indi
vidual interrupt requests in flag bits. It also has individual 
and global enable bits. The peripheral interrupt flags 
reside in the PIR1 register (Addr OCh). 

A global interrupt enable bit, GIE (INTCON<7>) enables 
(if set) all un-masked interrupts or disables (if cleared) all 
interrupts. Individual interrupts can be disabled through 
their corresponding mask bit in INTCON register 
(Figure 4-5). GIE is cleared on reset. 

FIGURE 4-5: INTCON REGISTER 

R/W R/W R/W R/W R/W R/W R/W R/W 

[ GIE I PEIE I TOIE T INTE T ABIE T TOIF T INTF 1 RBIF l 
7 bitO 

PIC16C64 

When an interrupt is responded to, the GIE is cleared to 
disable any further interrupt, the return address is pushed 
into the stack and the PC is loaded with 0004h. For 
external interrupt events, such as the INT pin or PORTB 
change interrupt, the interrupt latency will be 3-4 instruc
tion cycles. The exact latency depends when the 
interrupt event occurs (see Figure 12-15). The latency 
is the same for 1 or 2 cycle instructions. Once in the 
interrupt service routine the source(s) of the interrupt 
can be determined by polling the interrupt flag bits. The 
interruptflag bit(s) must be cleared in software before re
enabling interrupts to avoid infinite interrupt requests . 
Individual interrupt flag bits are set regardless of the 
status of their corresponding mask bit or the GIE bit. 

The 'return from interrupt' instruction, RETFIE, exits 
interrupt routine as well as sets the GIE bit to re-enable 
interrupts. 

Register: INTCON R/W: Readable & 
Address: OBh or 8Bh writable 
Reset value: 0000 OOOxb R: Read only 

U: Unimplemented, 
read as 'O' 

'---- RBIF: RB port change interrupt flag. 

C 1994 Microchip Technology Inc. 

1 =When at least one of the RB<7:4> inputs change. 
Must be cleared by software. 

O = None of the RB<7:4> inputs have changed. 

INTF: External interrupt flag. 

1 =The external INT interrupt has occurred. 
Must be cleared by software. 

O =The INT interrupt did not occur 

TOIF: TMRO overflow interrupt flag. 

1 =The TMRO has overflowed. 
Must be cleared by software. 

O = TMRO did not overflow. 

RBIE: RB port change Interrupt enable bit. 

1 = Enables RBIF interrupt 
O = Disables RBIF Interrupt 

INTE: INT interrupt enable bit. 

1 =Enables INTF interrupt 
0 = Disables INTF interrupt 

TOIE: TOIF interrupt enable bit. 

1 = Enables TOIF interrupt 
o = Disables TOIF interrupt 

PEIE: Peripheral interrupt enable bit. 

1 = Enables all un-masked peripheral interrupts 
O = Disables all peripheral interrupts 

GIE: Global interrupt enable. 

1 = Enables all un-masked interrupts 
o = Disables all interrupts 
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4.2.2.4 PIE1 Register 

This register contains the Individual enable bits for the 
Peripheral Interrupts. 

FIGURE W: PIE1 REGISTER 

R/W u u u R/W R/W R/W R/W 

[PsP1EI- I - I - IssP1E lccP11El TMR21Ej TMR11Ej 

7 bitO 

Register: PIE1 
Address: 8Ch 
Reset value: OOh 

R/W: Readable & 
writable 

R: Readonly 
U: ·Unimplemented, 

read as 'O' 

TMA11E: Timer1 interrupt enable bit. 
1 = Enables TMR1 IF interrupt 
O = Disables TMR1 IF interrupt 

TMA21E: nmer2 Interrupt enable bit. 

1 = Enables TMR21F interrupt. 
o = Disables TMR21F interrupt 

CCP11E: CCP1 interrupt enable bit. 

1 = Enables CCP1 IF interrupt 
o = Disables CCP1 IF Interrupt 

SSPIE: Synchronous serial port Interrupt enable bit 
1 = Enables SSPIF interrupt 
0 =Disables SSPIF interrupt. 

Unimplemented. 
Read as 'O'. 

PSPIE: Parallel slave port Interrupt enable bll 

1 = Enables PSPIF interrupt. 
0 = Disables PSPIF Interrupt 

DS30218B-page 14 IP 1ne ~ i mi llll aury 
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4.2.2.5 PIR1 Register 

This register contains the individual flag bit for the 
Peripheral Interrupts. 

FIGURE 4-7: PIR1 REGISTER 

R/W u u u R/W R/W R/W 

PIC16C64 

R/W 

[ PSPIF l - l -l -l SSPIF l CCP111 TMR21F l TMR11F J Register: PIR1 
Address: OCh 

R/W: Readable & 
writable 

7 

© 1994 Microchip Technology Inc. 

bitO 
Reset value: OOh R: Read only 

U: Unimplemented, 
read as 'O' 

'-- TMR1 IF: Timer1 interrupt flag. 

1 = Timer1 overflowed. 
Must be cleared in software. 

O =No Timer1 overflow. 

TMR21F: Timer2 interrupt flag. 

1 = Timer2 matches period register PR2. 
Must be cleared in software. 

0 =No Timer2 period match. 

CCP11F: Capture1/Compare1/PWM1 interrupt. 

Capture Mode 

1 =A Timer1 capture has occurred. 
Must be cleared by software. 

0 =No Timer1 capture occurred. 

Compare Mode 

1 = A Timer1 compare match has occurred. 
Must be cleared by software. 

0 = No Timer1 compare match occurred. 

PWMMode 
Unused 

SSPIF: Synchronous serial port. 

1 = A transmission/reception is completed. 
Must be cleared in software. 

0 = Waiting to transmiVreceive 

Unimplemented, 
Read as 'O'. 

PSPIF: Parallel slave port read/write interrupt flag. 

1 = A read or a write operation has taken place. 
Must be cleared in software. 

0 = No read or write has occurred. 
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4.2.2.6 PCON Register 

The PCON register contains flag bits to allow differentia

tion between a Power-On Reset to an external MCLR 
reset, WOT reset. 

FIGURE 4-8: PCON REGISTER 

u R/W R/W 

[ 
7 bito 

Register: PCON 
Address: 8Eh 
POR reset: 03h 

R/W: Readable & 
writable 

R: Readonly 
U: Unimplemented, 

read as 'O' 

L-- Reserved 

DS30218B-page 16 

This bit should be programmed as '1 '. Use of this 
bit as a general purpose read/write bit is not 
recommended, since this may affect upward 
compatibility with future products. 

POR : Power on reset flag. 

1 = No power on reset has occurred. 
O = A power-on-reset has occurred. 

Software must set this bit after a 
power-on-reset condition has occured. 

Unimplemented, 
Read as 'O'. 

fPlf'®)~omilllll<allf'Y © 1994 Microchip Technology Inc. 
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4.3 PCL and PCLATH 

The program counter (PC) is 13-bit wide. The low byte, 
PCL is a readable and writable register (02h or 82h). The 
high byte of the PC, PCH is not directly readable or 
writable. The high byte of the PC can be written through 
the PCLATH register (OAh or BAh). When the PC is 
loaded with a new value during a CALL, GOTO or a write 
to PCL, the high bits of PC are loaded from PCLATH, 
as shown in Figure 4-9. 

FIGURE 4-9: LOADING OF PC IN 
DIFFERENT SITUATIONS 

I ! INST with PCL 
PC~-..,.,....-~--~~----' (02h)asdest 

L'::==8
::;i7t::1 =' ALU result 

PCLATH 

0 

'----,~----~------'I GOTO, CALL 

l'.=7==1ot-! 
1==::::i• Opcode <10:D> 

PCLATH 

PIC16C64 

4.3.1 COMPUTED GOTO 

When doing a table read using a computed GOTO 
method, care should be exercised if the table location 
crosses a PCL memory boundary (each 256 byte block). 
Refer to 'Table Read Using the PIC16CXX' (AN556). 

4.3.2 Stack 

The PIC16CXX has an 8-deep x 13-bit wide hardware 
stack (see Figure 4-1 ). The stack space is not part of 
either program or data space and the stack pointer is not 
readable or writable. The PC is pushed in the stack 
when a CALL instruction is executed or an interrupt Is 
acknowledged. The stack is popped in the event of a 
RETURN, RETLW or a RETFIE instruction execution. 
PCLA TH is not affected by a 'PUSH' or a •pop• opera
tion. 

The stack operates as a circular buffer. This means that 
after the stack has been "PUSHed' eight times, the ninth 
push overwrites the value that was stored from the first 
push. The tenth push overwrites the second push (and 
so on). This means that the user can implement 'soft
ware resets' for the system. 
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4.4 Indirect Addressing. INDF and FSR 
Registers 

The INDF register is not a physical register. Addressing 
the INDF register will cause an indirect addressing. 

Indirect addressing is possible by using file address OOh. 
Any instruction using the INDF register, actually ac
cesses data pointed to by the file select register (FSA). 
Reading INDF itself indirectly will produce OOh. Writing 
to the INDF register indirectly results in a no-operation 
(although status bits may be affected). An effective 9-bit 
address is obtained by concantenating the 8-bit FSA 
register and the IRP bit (STATUS<7>), as shown in 
Figure 4-10. However, IRP is not used in the PIC16C64. 

FIGURE 4-10: DIRECTnNDIRECT ADDRESSING 

RP1 RPO 

[IJ 
L...._.-J 
page select 

Direct Addreaslng 

6 from opcode 

I I I 
location select 

Loo 

Data 
Memory 

BF 

co 

0 

I 

• 00 

BsnkO 

Note: For memory map detail, see Figure 4.2 

01 

Bsnk1 Bsnk2 

A simple program to clear RAM location20h~2Fh using 
indirect addressing is shown in Example 4-1. 

EXAMPLE 4-1: INDIRECT ADDRESSING 

NEXT 

CONTINUE: 

10 

Bsnk3 

movlw Ox20 ; initialize pointer 

movwf FSR ;to RAM 

clrf INDF ;clear indent by 

incrf FSR ; inC pointer 

btfss FSR,4 ;all done? 

goto NEXT ;no clear next 

;yes continue 

Indirect Addressing 

IRP 7 

D 
page select 

11 .-1 
00 

(FSR) 

I I 

J--
....... t-------~ 

7F 

0 
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5.0 1/0 PORTS 

The PIC16C64 has five ports, PORTA through PORTE. 
These ports pins may be multiplexed with an alternate 
function for the peripheral features on the device. 

5.1 PORTA and TRISA Registers 

PORTA is a 6-bit wide latch. RA4 is a Schmitt trigger 
input and an open collector output. All other RA port pins 
have TTL input levels and full CMOS output drivers. All 
pins have data direction bits (TRIS registers) which can 
configure these pins as output or input. 

A '1' in the TRISA register configures the corresponding 
port pin as input. 

Port RA4 is multiplexed with TMRO clock input. 

Reading PORTA register reads the status of the pins, 
whereas writing to it will write to the port latch. 

FIGURE 5-1: BLOCK DIAGRAM. OF PORT PINS 
RA<3:0> and RA<5> 

Data 
bus 

D 

"WR 
PORT" 

CK 

D 

"WR 
TRIS" 

CK 

Q 

"RD 
TRIS" 

Voo 

Q Dt----~ 

"\.CK 

Note: l/O pins have protection diodes to Voo and Vss 

PIC16C64 

EXAMPLE 5·1: INITIALIZING PORTA 

BSF 
MOVLW 

MOVWF 

STATUS, RPO Select Bankl 
OxCF Value used to initialize 

TRI SA 
data direction 
Set RA<3:0> as inputs 

RA<5:4> as outputs 
TRISA<7:6> are always 
read as '0'. 

FIGURE 5-2: BLOCK DIAGRAM OF RA4 PIN 

Data 
bus 

"WR 
PORT'' 

'WR 
TRIS' 

D 

CK 

D 

CK 

Q 

a 

Q 

a 

"RD 
TRISA' 

TMRO clock input 

"\.CK 

Note: VO pin has protection diodes to Vss only. 
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TABLE 5-1: PORTA FUNCTIONS 

Name Bit Buffer Type Function 

RAO bitO TTL Input/output 

RA1 bit1 TTL Input/output 

RA2 bit2 TTL Input/output 

RA3 bit3 TTL Input/output 

RA4/TOCKI bit4 ST Input/output or external clock input for TMRO. 
Output is open collector type 

-
RA5/SS bit5 TTL Input/output or slave select input for synchronous 

serial port 

Legend: TTL = TTL input, ST = Schmitt trigger input 

TABLE 5-2: SUMMARY OF PORTA REGISTERS 

Register Name Function Address Power-on Reset Value 

PORTA PORTA pins when read 05h --xx xxxx 
PORTA latch when written 

TRISA PORTA data direction register 85h --11 1111 
O = output, 1 = input 

Notes: 1: x =unknown, - =unimplemented, reads as a 'O'. 
2: For reset values of registers in other reset situations refer to Table 12-6. 

0$302188-page 20 1Pn~~~m~~~11y © 1994 Microchip Technology Inc. 
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5.2 PORTB and TRISB Registers 

PORTB is an 8-bit wide bidirectional port (file register 
address 06h). The corresponding data direction register 
is TRISB (address 86h). A '1' in TRISB configures the 
corresponding port pin as an input. Reading PORTB 
register reads the status of the pins whereas writing to it 
will write to the port latch. 

Each of the PORTB pins has a weak intemal pull-up 
(-100 µA typical). A single control bit can tum on all the 

pull-ups. This is done by clearing the RBPU (OP
TION<?>) bit. The weak pull-up is automatically turned 
off when the port pin is configured as an output. The pull
ups are disabled on power-on reset. 

Four of PORTB's pins, RB<7:4>, have an interrupt on 
change feature. Only pins configured as inputs can 
cause this interrupt to occur (i.e. any RB7-RB4 pin 
configured as an output is excluded from the interrupt on 
change comparison). On every instruction cycle, the 
input pins (of RB7-RB4) are compared with the old value 
latched on the last read of PORTB. The "mismatch" 
outputs of RB7-RB4 are OR'ed together to generate the 
RBIF interrupt (flag latched in INTCON<O>). 

FIGURE 5-3: BLOCK DIAGRAM OF PORT 
PINS RB<7:4> 

Data bus 

"WR Port' 

"WRTRIS' 

Set 
RBIF 

Voo 

"RD TRIS' 

Note: 1. Port latch = 1 and TRISB = 1 enables weak pull-up ff 
RBPU = 0 in OPTION register. 

2. VO pins have diode protection to Voo and Vss. 

PIC16C64 

This interrupt can wake the device up from SLEEP. The 
user, in the interrupt service routine, can clear the 
interrupt in one of two ways: 

a) Disable the interrupt by clearing ABIE (INTCON<3>) 
bit. 

b) Read PORTB. This will end mismatch condition. 
Then, clear RBIF bit. 

A mismatch condition will continue to set the RBIF bit. 
Reading PORTB will end the mismatch condition, and 
allow the RBIF bit to be cleared. 

This interrupt on mismatch feature, together with soft- • 
ware configurable pull-ups on these four pins allow easy 
interface to a key pad and make it possible for wake-up 
on key-depression. (See AN552 in the Embedded 
Control Handbool<). 

FIGURE 5-4: BLOCK DIAGRAM OF PORT 
PINS RB<3:0> 

RBPU 
Data latch 

Data bus D a 

"WR Port' 
CK!. 

TRIS Latch 

D a 

CK!. 
'WR TRIS' 

'RD TRIS' 

'RD Port" 

a D 

CKl. 

Voo 

TTL 
Input 
buffer 

'RD Port" 

Notes: 1. TRISB = 1 enables weak pull-up if RBPU = 0 in 
OPTION register. 

2. For RBO/INT pin, the INT input comes through a 
Schmitt trigger input buffer. 

3. 1/0 pins have diode protection to Voo and Vss. 
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TABLE 5-3: PORTB FUNCTIONS 

Name Bit Buffer Type Function 

ABO/INT bitO TTUSTt Input/output pin or external interrupt input. Internal software 
programmable weak pull-up 

RB1 bit1 TTL Input/output pin. Internal software programmable weak pull-up 

RB2 bit2 TTL Input/output pin. Internal software programmable weak pull-up 

RB3 bit3 TTL Input/output pin. Internal software programmable weak pull-up 

RB4 bit4 TTL Input/output pin (with interrupt on change). Internal software 
programmable weak pull-up 

RBS bits TTL Input/output pin (with interrupt on change). Internal software 
programmable weak pull-up 

RBS bit6 TTUST* Input/output pin (with interrupt on change). Internal software 
programmable weak pull-up 

RB7 bit7 TTUSTi Input/output pin (with interrupt on change). Internal software 
programmable weak pull-up 

Legend: TTL = TTL input, ST = Schmitt Trigger 
t This buffer is a Schmitt triger input when configured as the external interrupt. 
:j: This buffer is a Schmitt Trigger input when used in serial programming mode. 

TABLE 5-4: SUMMARY OF PORTB REGISTERS 

Register Name Function Address 

PORTB PORTB pins when read 06h 
PORTB latch when written 

TRISB PORTB data direction register 86h 
O = output, 1 = input 

--- --
OPTION Weak pull-up on/off control (RBPU bit) 81h 

DS30218B-page 22 IP1F®~im~l1ll~11y 
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1111 1111 
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5.3 PORTC and TRISC Registers 

1/0 PORTC is an 8-bit bidirectional port. Each pin is 
individually configurable as input and output through the 
TRISC register. PORTC is multiplexed with several 
peripheral functions (see Table 5-5). PORTC pins 
have Schmitt trigger input buffers. 

EXAMPLE 5-2: INITIALIZING PORTC 

BSF 
MOVLW 

MOVWF 

STATUS, RPO;Select Bankl 
OxCF 

TRI SC 

;Value used to initialize 
;data direction 
; Set RC<3: 0> as inputs 

RC<5:4> as outputs 
RC<7:6> as inputs 

TABLE 5-5: PORTC FUNCTIONS 

Name Bit Buffer Type Function 

PIC16C64 

FIGURE 5-5: PORTC BLOCK DIAGRAM 

PORT/PERIPHERAL Select 

Peripheral data-out 

Data bus 

PERIPHERAL "RD TRIS" 

OE 

Peripheral input 

Notes: 1. Port/Peripheral select signal selects between 
port data and peripheral output. 

2. Peripheral OE (output enable) is only activated if 
peripheral select is active. 

3. 1/0 pins have diode protection to Voo and Vss. 

RCO/T1CKI bitO ST Input/output port pin or Timer1 clock input/Timer1 oscillator input 

RC1/T1CKO bit1 ST Input/output port pin or Timer1 oscillator output 

RC2/CCP1 bit2 ST Input/output port pin or Capture1 input/Compare1 output/ 
PWM1 output 

RC3/SCK/SCL bit3 ST RC3/SCK/SCL can also be selected as the synchronous serial clock 
for both SPI and 12C modes. 

RC4/SDl/SDA bit4 ST RC4/SDl/SDA can also be selected as the SPI Data In (SPI mode) 
or data 1/0 (12C mode). 

RCS/SDO bits ST Input/output port pin or Synchronous serial port data output 

RC6 bit6 ST Input/output port pin 

RC7 bit? ST Input/output port pin 

Legend: ST= Schmitt Trigger Input 

TABLE 5-6: SUMMARY OF PORTC REGISTERS 

Register Name Function Address Power-on Reset Value 

PORTC PORTC pins when read 07h xxxx xxxx 
PORTC latch when written 

TRISC PORTC data direction register 
O = output, 1 = input 

87h 1111 1111 

Notes: 1: x = unknown, - = unimplemented, reads as a 'O'. 
2: For reset values of registers in other reset situations refer to Table. 
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5.4 PORTO and TRISD Registers 

1/0 PORTO is an 8-bit port with Schmitt trigger input 
buffers. Each pin is individually configurable as input or 
output. 

PORTO can be configured as an 8-bitwide microproces
sor port (or parallel slave port) by setting control bit 
PSPMOOE (TRISE<4>). In this mode, the input buffers 
are TTL. 

FIGURE 5-6: PORTO BLOCK DIAGRAM 
(IN 1/0 PORT MODE) 

Data Data Latch 
bus 

D Q 

"WR 
PORT" 

CK a 
TRIS Latch 

D Q 
"WR 
_TR_l_S_" +---1•CK Q 

"RD 
TRIS' 

Q 

Schmitt 
Trigger 

D>---~ 

"-CK 

l/Opin 

Note: 110 pins have protection diodes to Voo and Vss. 

TABLE 5-7: PORTO FUNCTIONS 

Name Bit Buffer Type Function 

ROO/PSPO bitO ST/TTL Input/output port pin or parallel slave port bit O 

R01/PSP1 bit1 ST/TTL Input/output port pin or parallel slave port bit 1 

RD2/PSP2 bit2 ST/TTL Input/output port pin or parallel slave port bit 2 

R03/PSP3 bit3 ST/TTL Input/output port pin or parallel slave port bit 3 

R04/PSP4 bit4 ST/TTL Input/output port pin or parallel slave port bit 4 

R05/PSP5 bit5 ST/TTL Input/output port pin or parallel slave port bit 5 

R06/PSP6 bit6 ST/TTL Input/output port pin or parallel slave port bit 6 

R07/PSP7 bit? ST/TTL Input/output port pin or parallel slave port bit 7 

Legend: ST= Schmitt Trigger Input, TTL= TTL input 

TABLE 5-8: SUMMARY OF PORTO REGISTERS 

Register Name Function Address Power-on Reset Value 

PORTO PORTO pins when read 
PORTO latch when written 

08h xxxx xxxx 

TRISO PORTO data direction register 88h 1111 1111 
o = output, 1 = input 

Notes: 1: x = unknown, - = unimplemented, reads as a 'O'. 
2: For reset values of registers in other reset situations refer to Table. 
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5.5 PORTE and TRISE Register 

110 PORTE has three pins REO, RE1 and RE2 which are 
individually configurable as inputs or outputs. These 
have Schmitt trigger input buffers. 

1/0 PORTE becomes control inputs for the microproces
sor port when the PSPMODE bit (TRISE<4>) is set. In 
this mode, the user must make sure that the TRISE<2:0> 
bits are set (pins are configured as digital inputs). In this 
mode the input buffers are TTL. 

Figure 5-7 shows the TRISE register, which also con
trols the synchronous slave port operation. 

FIGURE 5-8: TRISE REGISTER 

R R R/W R/W u R/W R/W 

PIC16C64 

FIGURE 5-7: PORTE BLOCK DIAGRAM 
(IN 1/0 PORT MODE) 

R/W 

Data Data Latch 
bus 

D a 
'WR 
PORT' 

CK a 
TRIS Latch 

D a 
"WR 
_T_R_IS_' -+-•CK Q 

"RD 
TRIS" 

Schmitt 
Trigger 

t------iQ D 

"\.CK 
'RD PORT" 

l/Opin 

Note: 1/0 pins have protection diodes to Voo and Vss. 

[ IBF I OB~ IBOV I PSPMODE I -I TRISE2 I TRISE1 l TRISEO J Register: TRISE 
Address: 89h 
POR value: 07h 

R/W: Readable & 
writable 

C 1994 Microchip Technology Inc. 

bitO R: Readonly 
U: Unimplemented, 

read as 'O' 

'-- TR ISEO: Direction control bit for port pin REO 
Input 1 = 

0= Output 

TR ISE1: Direction control bit for port pin RE1 
Input 1 = 

0= Output 

TRI SE2: Direction control bit for port pin RE2 
Input 1 = 

0= Output 

Uni mplemented. 
Re adas'O' 

PS PMODE: Selects parallel slave port mode for ports 
and RE. RD 

1 = 
0= 

Parallel slave port mode. 
General purpose 110. 

IB OV: Input buffer overflow in microprocessor mode. 
1 = 

0= 
OB 

1 = 
0= 

A write occurred when a previous input word has 
not been read. 
Must be cleared in software. 
No overflow has occurred. 

F: Output buffer full. 
The output buffer still holds a previously written word. 
Output buffer has been read. 

IB F: Input buffer full. 
1 = A word has been received and waiting to be read 

by the CPU. 
O = No word has been received. 
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TABLE 5-9: PORTE FUNCTIONS 

Name Bit Buffer Type Function 

REO/RD bitO ST/TTL lnpuVoutput port pin or Read control input in parallel slave 
port mode 

RD 
1 = Not a read operation 
O = Read operation. The system reads the 16C64 Porto 

register (if chip selected) 

RE1/WR bit1 ST/TTL lnpuVoutput port pin or Write control input in parallel slave 
port mode 

WR 
1 = Not a write operation 
o = Write operation. The system writes to the 16C64 Porto 

register (if chip selected) 

RE2/CS bit2 ST/TTL lnpuVoutput port pin or Chip select control input in parallel slave 
port mode 

cs 
1 = Device is not selected 
O = Device is selected 

Legend: ST= Schmitt Trigger Input, TTL= TTL input 

TABLE 5-10: SUMMARY OF PORTE REGISTERS 

Register Name Function Address Power-on Reset Value 

PORTE PORTE pins when read 09h ---- -xxx 
PORTE latch when written 

TRISE PORTE data direction control 89h 0000 -111 
bits and PORTO mode control 
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5.6 1/0 Programming Considerations 

5.6.1 BIDIRECTIONAL 1/0 PORTS 

Some instructions operate internally as read followed by 
write operations. The BCF and BSF instructions, for 
example, read the register into the CPU, execute the bit 
operation, and write the result back to the register. 
Caution must be used when these instructions are 
applied to a port with both inputs and outputs defined. 
For example, a BSF operation on bit 5 of PORTB will 
cause all eight bits of PORTB to be read into the CPU. 
Then the BSF operation takes place on bit 5 and PORTB 
is written to the output latches. If another bit of PORTB 
is used as a bidirectional 1/0 pin (for example, bit 0) and 
it is defined as an input at this time, the input signal 
present on the pin itself would be read into the CPU and 
re-written to the data latch of this particular pin, overwrit
ing the previous content. As long as the pin stays in the 
input mode, no problem occurs. However, if bit O is 
switched into output mode later on, the content of the 
data latch may now be unknown. 

A pin actively outputting a Low or High should not be 
driven from external devices at the same time in order to 
change the level on this pin ('wired-or', 'wired-and'). 
The resulting high output currents may damage the chip. 

FIGURE 5-9: SUCCESSIVE 1/0 OPERATION 

PIC16C64 

Reading the PORT register, reads the values of the 
PORT pins. Writing to the PORT register writes the value 
to the PORT latch. When using read modify write instruc
tions (ex. BCF, BSF, etc.) on a PORT, the value of the 
PORT pins is read, the desired operation is done to this 
value, and this value is then written to the PORT latch. 

Example 5-3 shows the effect of two sequential read 
modify write instructions (ex. BCF, BSF, etc.) on an 1/0 
PORT. 

EXAMPLE 5-3: READ MODIFY WRITE 
INSTRUCTIONS ON AN 1/0 
PORT 

Initial PORT settings: PORTB<7: 4> Inputs 
PORTB<3: 0> Outputs 

; PORTB<7: 6> have external pull-up and are not 
; connected to other circuitry. 

PORT latch PORT pins 
---------- ----------

BCF PORTB, 7 Olpp pppp llpp pppp 
BCF PORTB, 6 lOpp pppp llpp pppp 
BSF STATUS, RPO 
BCF TRISB, 7 lOpp pppp llpp pppp 
BCF TRISB, 6 lOpp pppp lOpp pppp 

Note that the user may have expected the pin 
values to be OOpp pppp. The 2nd BCF caused RB7 
to be latched as the pin value (High) . 

5.6.2 SUCCESSIVE OPERATIONS ON 1/0 PORTS 

The actual write to an 1/0 port happens at the end of an 
instruction cycle, whereas for reading, the data must be 
valid atthe beginning of the instruction cycle (see Figure 
5-9). Therefore, care must be exercised if a write 
followed by a read operation is carried out on the same 
1/0 port. The sequence of instructions should be such to 
allow the pin voltage to stabilize (load dependent) before 
the next instruction which causes that file to be read into 
the CPU is executed. Otherwise, the previous state of 
that pin may be read into the CPU rather than the new 
state. When in doubt, it is better to separate these 
instructions with a NOP or an other instruction not 
accessing this 1/0 port. 

:rn1~1m1~:rn1~1m1~:rn1~1m1~:rn1~1m1~: Note: 

FC X PC+1 X PC+2 X PC+3 
MOVWF Porte I MOVF Porte, w I NOP NOP 

Write to Read Port e 
Porte 

Re<7:0>:~ ------~------!~"'-----~'------
' 1 f Portpin : 
I I I 
, , sampled her11 

Timing Spec 14 ~ ,._ 

Execute Execute 
MOVWF MOVF 

Porte Porte,W 

Execute 
NOP 

© 1994 Microchip Technology Inc. !P!f'~~imh'il~ll')f 
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This example shows write to Porte 
followed by a read from Porte. 
Note that: 
data setup time= (0.25 TCY -TPD) 
where TCY = instruction cycle. 

Therefore, at higher clock 
frequencies, a write followed by a 
read may be problematic. 
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5.7 Parallel Slave Port 

PORTO operates as an 8-bit wide parallel slave port, or 
microprocessor port when control bit PSPMODE 
(TRISE<4>) is set. In slave mode it is asynchrono\!§]y 
readable and writable by the external world throuQ!:!B_D 
controlinput (REO/RD) and WR control input (RE1/WR ). 

It can directly interface to an 8-bit microprocessor data 
bus. The microprocessor can read or write the PORTO 
latch as an 8-bit latch. Set![ng PSPMODE also enables 
the port pin REO to be the RD input, RE1 to be the WR 
input and RE2 to be the CS (chip select) input. For this 
functionality, the corresponding data direction bits of the 
TRISE register (TRISE<2:0>) must be configured as 
inputs (set). 

There are actually two 8-bit latches, one for data-out 
(from the PIC16CXX) and one for data input. The user 
writes 8-bit data to PORTO data latch and reads data 
from the port pin latch (note that they have the same 
address). In this mode the TRISD register is ignored, 
since the microprocessor is controlling the direction of 
data flow. 

Status flag IBF, Input Buffer Full (TRISE<7>), is set if a 
received word is waiting to be read by the CPU. The IBF 
is cleared when PORTO is read by the CPU. IBF is a 
read only status bit. Status flag OBF, Output Buffer Full 
(TRISE<6>), is set if a word written to PORTO latch is 
waiting to be read by the external bus. The OBF flag is 
cleared when PORTO is read by the external device. 
Status flag IBOV, Input Buffer Overflow (TRISE<5>), is 
set if a second word is written to the microprocessor port 
when the previous word has not been read by the CPU. 
It is a read/write bit and must be cleared by the CPU. 

When not in PSPMODE, IBF and OBF bits are held as 
cleared. However, if the IBOV flag was previously set, 
it must be cleared in the software. 

An interrupt is generated and latched into control bit 
PSPIF (PIR1<7>) when a read or a write operation is 
completed. The PSPIF interruptflag must be cleared by 
the CPU and the interrupt can be disabled by clearing 
the interrupt enable bit PSPIE (PIE1<7>). 

FIGURE 5-10: PORTO AND PORTE AS A 
PARALLEL SLAVE PORT 

~--------------------------------, 
' ' • Data bus 1 

RDxpln 

TTL 

Write 

Note: 1/0 pins have protection diodes to Voo and Vss. 

TABLE 5-11: SUMMARY OF PARALLEL SLAVE PORT REGISTERS 

Register Name Function Address Power-on Reset Value 

PORTO Parallel slave port 08h xxxx xxxx 
Read/Write Data 

TRISD PORTO data direction register 88h 1111 1111 

PORTE Parallel slave port Read/Write/Chip 
Select signals 09h ---- -xxx 

TRISE Control bits for PORTO peripheral 89h 0000 -111 

PIR1 Interrupt register (PSPIF bit) OCh 0000 0000 

PIE1 Interrupt Enable register (PSPIE bit) Sch 0000 0000 
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6.0 OVERVIEW OF TIMER MODULES 

The PIC16C64 has three timer modules. Each module 
can generate an interrupt to indicate that an event has 
occurred (i.e. timer overflow). Each of these modules is 
explained in full detail in the following sections. The 
timer modules are: 

• TimerO (TMRO) module (see Section 7) 
• Timer1 (TMR1) module (see Section 8) 
• Timer2 (TMR2) module (see Section 9) 

For enhanced time-based functionality, the following 
module can be used with either of the TMR1 or TMR2 
modules. This module is the: 

• Capture/Compare/PWM (CCP1) module 
(see Section 10) 

6.1 TimerO ITMROl Overview 

The TMRO module is identical to the RTCC module of 
other PIC16CXX enhanced core products (and very 
similar to the PIC16C5X products). The TMRO module 
is a simple 8-bit overflow counter. The clock source can 
be either the internal system clock (OSC/4) or an 
external clock. When the clock source is an external 
clock, the TMRO module can be selected to increment 
on either the rising or falling edge. 

The TMRO module also has a programmable prescaler 
option. This prescaler can be assigned to either the 
RTCC module or the Watchdog Timer. The PSA bit 
(OPTION<3>) assigns the prescaler, and the PS2-PSO 
(OPTION<2:0>) determines the prescaler value. The 
RTCC can increment at the following rates: 1 :1 (when 
prescaler assigned to Watchdog Timer), 1 :2, 1 :4, 1 :8, 
1:16, 1:32, 1:64, 1:128, 1:256. 

Synchronization of the external clock occurs after the 
prescaler. When the prescaler is used, the external 
clock frequency may be higher then the device's fre
quency. The maximum frequency is 50 MHz, given the 
high and low time requirements of the clock. 

When the clock source is an external clock, the TMRO 
module can be selected to increment on eitherthe rising 
or falling edge. 

PIC16C64 

6.2 Timer1 (!MR1) Overview 

Timer1 (TMR1) is a 16-bit timer/counter. The clock 
source can be either the internal system clock (OSC/4), 
an external clock, or an external crystal. TMR1 can 
operate as either a timer or a counter. When operating 
as a counter (external clock source), the counter can 
either operate synchronized to the device or 
asynchonously to the device. Asynchonous operation 
allows TMR1 to operate during sleep, which is useful for 
applications that require a real time clock as well as the 
power savings of sleep mode. 

TMR1 also has a prescaler option which allows the .. 
TMR1 to increment at the following rates: 1 :1, 1 :2, 1 :4, 
1 :8. TMR1 can be used in conjunction with the Capture 
I Compare I PWM (CCP1) module. When used with the 
CCP1 module, TMR1 is the timebase for 16-bit capture 
or the 16-bit compare. When using the TMR1 module 
with the CCP1 module, TMR1 must be synchronized to 
the device (timer or synchronized counter mode). 

6.3 Timer2 (!MR2) Overview 

Timer2 (TMR2) is an 8-bit timer. TMR2 has both a 
programmable prescaler and postscaler, as well as an 
8-bit period register (PR2). TMR2 can be used with the 
CCP1 module as well as the baud rate generator for the 
Synchronous Serial Port (SSP). The prescaler option 
which allows the TMR2 to increment at the following 
rates: 1:1, 1:4, 1:16. 

The postscaler allows TMR2to match the period register 
(PR2) a programmable number of times before generat
ing an interrupt. The postscaler can be programmed 
from 1 :1 to 1 :16 (inclusive). 

6.4 CCP1 Overview 

The CCP1 module can operate in one of these three 
modes: 16-bit capture, 16-bit compare, or 10-bit Pulse 
Width Modulation (PWM) 

Capture mode, captures the 16-bit value of TMR1 into 
the CCPR1 H:CCPR1 L register pair. The capture event 
can be programmed for either the falling edge, rising 
edge, fourth rising edge, or the sixteenth rising edge of 
the CCP1 pin. 

Compare mode, compares the TMR1 H:TMR1 L register 
pair to the CCPR1H:CCPR1L register pair. When a 
match occurs an interrupt can be generated, and the 
output pin CCP1 can be forced to given state (High or 
Low) orTMR1 can be reset. This depends on the control 
bits CCP1M3-CCP1MO. 

PWM mode, compares TMR2 to a 10-bit duty cycle 
register as well as to an 8-bit period register (PR2). 
When the TMR2 = PR2, TMR2 is reset to OOh, an 
interrupt can be generated, and the CCP1 pin (if an 
output)willbeforcedhigh. WhentheTMR2=DutyCycle 
register, the CCP1 pin will be forced low. 
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7.0 TIMERO (TMRO) MODULE 

The TMRO module .timer/counter has the following fea
tures: 

• 8-bit timer/counter 
Readable and writable (file address 01h) 

• 8-bit sottware programmable pi'escaler 
Internal or external clock select 
Interrupt on overflow from FFh to OOh 

• Edge select for external clock 

Figure 7-1 is a simplified block diagram of the TMRO 
module. 

Timer mode is selected by clearing the RTS bit 
(OPTION<5>). In timer mode, the TMRO module will 
increment every instruction cycle (without prescaler). If 
TMRO is written, increment is inhibited for the following 

FIGURE 7-1: TIMERO (TMRO) BLOCK DIAGRAM 

fosc/4 

two cycles (see Figures 7-2and 7-3). The usercan work 
around this by writing an adjusted value to the TMRO 
module. 

Counter mode is selected by setting the ATS bit 
(OPTION<5>). In this mode TMAO will increment either 
on every rising or falling edge of pin RA4/TOCKI. The 
incrementing edge is determined by control bit RTE 
(OPTION<4>). Clearing the RTE bit selects the rising 
edge. Restrictions on the external clock input is dis
cussed in detail in Section 7.2. 

The prescaler is shared between the TMRO module and 
the Watchdog Timer. The prescaler assignment is 
controlled in software by control bit, PSA (OPTION<3> ). 
Clearing the PSA bit will assign the prescaler to TMRO. 
The prescaler is not readable or writable. When the 
prescaler is assigned to the TMRO module, prescale 
values of 1:2, 1:4, ... , 1:256 are selectable. Section 7.3 
details the operation of the prescaler. 

Data Bus 

Psour 8 

RTE RTS 

Programmable 
Prescaler 

PS2,PS1,PSO PSA 

SyncwHh 
lntamal 
clocks 

(2 Cycle Delay) 

PSOUT 
TMRO(B) 

~----~ 

SetTOIF 
Interrupt on 

OVerftow 

Notes: 1. Bits, RTE, ATS, PS2, PS1, PSO AND PSA are located in OPTION register. 
2. The prescaler is shared with Watchdog Timer (refer to Figure 7-6 for detailed diagram). 

FIGURE 7-2: TIMERO (TMRO) TIMING: INTERNAL CLOCK/NO PRESCALE 

~~~:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~NTER> < PC:1 i FC i eC+1 I ec+2 I PC+3 I ec+4 i ec+s ·,1 ec+e 
t I t I t I I 

INST'= • MOVWFTMRO • MOVFTMRO. W • MOVF TMRO, W • MQVFTMRO, W ' MOVFTMAO, W • MOVF TMAO. W • 
I I I I I I I 

' ' 
TMRD m: RT+1 X BI±2 X t:!B! x r:.BI X t!BI x ~B.I±l x l!IB!+2 x::: 

t t t t t t 
' WriltTMRO ' AeadTMAO AeadTMRO ' AeadTMRO ' AeadTMRO ' AeadTMRO 

8X8CUled l9llds NAT RllldsNAT 
' 

raadoNAT 18BdsNAT+1 .-NAT+2 

FIGURE 7-3: TIMERO (TMRO) TIMING: INTERNAL CLOCK/PRESCALE 1 :2 

ec ·~1~1m1~·ru1~1m1~·ru1~1m1~·ru1~1m1~·ru1~1m1~·~1~1m1~·ru1m1m1~·ru1~1m1~· 
(PAQGRAMI I I I I I I 1 1 

COUNTER) ( P().1 k . EC k PC+1 k . PC+2 k PC+3 I PC+4 k pe+5 k pe+6 : 
I I I I I I I I I 

INST= I MOVWFTMRO I MOVFlMRO,W I MOVFTMRO,W I MOVFTMRO.W I MOVFTMFIO,W I MOVFTMAO,W I 
I I I I I I 

' 

TMRD 

t 
I Wrile TMRO I Read TMAO I Read TMRO Read TMRO I Read TMRO I Read TMRO 

exeaJled .-NAT .-NAT .-NAT reads NAT reads NAT+ 1 
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7.1 TIMERO CTMRO) Interrupt 

TMRO interrupt is generated when the TMRO module 
timer/counter overflows from FFh to OOh. This overflow 
sets the TOIF bit. The interrupt can be masked by 
clearing the TOIE bit (INTCON<5>). The TOIF bit 
(INTCON<2>) must be cleared in software by the TMRO 
module interrupt service routine before re-enabling this 
interrupt. The TMRO module interrupt can not wake the 
processor from SLEEP since the timer is shut off during 
SLEEP. See Figure 7-4 for TMRO interrupt timing. 

7.2 Using TMRO with External Clock 

When external clock input is used for TMRO, it is syn
chronized with the internal phase clocks. Therefore, the 
external clock input must meet certain requirements. 

Also there is some delay from the occurance of the 
external clock edge to the actual incrementing of TMRO. 
Referring to Figure 7-5, the synchronization is done after 
the prescaler. The output of the prescaler is sampled 
twice in every instruction cycle to detect rising or falling 
edges. Therefore, it is necessary for PsouT to be high 
for at least 2 tosc and low for at least 2 lose where: 

lose = oscillator time period. 

FIGURE 7-4: TIMERO (TMRO) INTERRUPT TIMING 

OSC1 

CLKolJT{l) I~--~ 

PIC16C64 

When no prescaler is used, PsouT (Prescaler output, 
see Figure 7-1) is the same as TMRO clock input and 
therefore the requirements are: 

TRTH TMRO high time ;:: 2tosc + AT 
(See parameter #40) 

TRTL TMRO low time ;:: 2tosc + AT 
(See parameter #41) 

When prescaler is used. the TMRO module input is 
divided by the asynchronous ripple counter-type prescaler 
and so the prescaler output is symmetrical. 

Then: 

PSOUT high time = PSOUT low time = N •2TFIT 

where 

TAT TMRO input period 

N prescale value (2, 4, ... ., 256). 

The requirement is, therefore: 

N•2TFIT ;:: 2tosc+AT, orTRT<:: 4tosc~2&T 

where 

AT small RC delay 

(see Timing Specifications). 

The user will notice that no requirement on TMRO high 
time or low time is specified. However, if the high time 
or low time on TMRO is too small then the pulse may not 
be detected, hence a minimum high or low time of 1 O ns 
is required. In summary, the TMRO module input re
quirements are: 

TAT TMRO period;:: (4 tosc + 2 An/N 

TRTH TMRO high time ;:: .!\ T 

TRTL TMRO low time ;:: AT 

TMRO timer FEh FFh OOh 01 h 02h 
i---~--·:~-+--m=---J~-t--~~--'~-+----~~-+-----~~~ 

TOIFbit im 
(INTCON <2>) 1-------;----; 

GIEbit 1---------i-------1---~ 
QNTCON<7>) 

INSTRUCTION FLOW (Note2) 

PCl'---~PC~--;~--'-P~C~+~1---f'--P~C~+_1~---f~--'-0004~h~---r'--~0005_h __ -t 

Instruction { 
fetched 

Instruction{ 
executed 

lnst(PC) lnst(PC+ 1) 

Inst (PC· 1) lnst(PC) Oummycycle 

Notes: 
1. TOIF interrupt flag is sampled here (every 01). 
2. Interrupt latency= 4 Tcy where Tcy = instruction cycle time. 
3. CLKOUT is available only in RC oscillator mode. 

© 1994 Microchip Technology Inc. IP IF®~~ m ~ 11ll~IFY' 
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Inst (0004h) Inst (0005h) 

OUmmycycle Inst (0004h) 
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Delay from external clock edge: Since the prescaler 
output is synchronized with the internal clocks, there is 
a small delay from the time the external clock edge 
occurs to the time the TMRO module is actually 
incremented. Referring to Figure 7-5, the reader can 
see that this delay is between 3 tosc and 7 tosc. Thus, 
for example, measuring the interval between two edges 
(e.g. period) will be accurate within ±4 tosc (±200ns @ 

20 MHz). 

7.3 Prescaler 

An 8-bit counter is available as a prescaler for the TMRO 
module, or as a post-scaler for the Watchdog Timer, 
respectively (see Figure 7-6). For simplicity, this counter 
is being referred to as 'prescaler" throughout this data 

sheet. Note that there is only one prescaler available 
which is mutually exclusively shared between the TMRO 
module and the Watchdog Timer. Thus, a prescaler 
assignmentforthe TMRO module means thatthere is no 
prescaler for the Watchdog Timer, and vice-versa. 

The PSA and PS2-PSO bits (OPTION<3:0>) determine 
the prescaler assignment and pre-scale ratio. 

When assigned to the TMRO module, all instructions 
writing to the TMRO module (e.g. CLRF 1, MOVWF 1, 

BSF 1,x .... etc.) will clear the prescaler. When assigned 
to WOT, a CLRWDT instruction will clear the prescaler 
along with the Watchdog Timer. The prescaler is not 
readable or writable. 

FIGURE 7-5: TIMERO TIMING WITH EXTERNAL CLOCK 

:~1~1m1~:~1~1m1~:~1~1m1~:~1~1m1~: 
EXT CLOCK INPUT OR 1 Sf!1all pulse 1 • 

PRESCALER OUT (NOTE 2) misses sampling 

EXT CLOCK/PRESCALER 
OUTPUT AFTER SAMPLING 

INCREMENTTMRO (Q4) 0 ------~---~ 

TMRO 
Notes: 

t 

1. Delay from clock input change to TMRO increment is 3 lose to 7 lose. (Duration of Q = lose). 
Therefore, the error in measuring the interval between two edges on TMRO input = ± 4 lose max. 

2. External clock if no presealer selected, Prescaler output otherwise. 
3. The arrows indicate the points in time where sampling occurs. 

FIGURE 7-6: BLOCK DIAGRAM OF THE TMRO/WDT PRESCALER 

CLKOUT (=Fosc/4) ----1-------------~ 

Watchdog 1---~-1 
Timer 

WOT Enable 
EPROMFuse 

0 

PSA 

M 
u 
x 

ATS 

0 

MUX 

M SYNC 
u 2 

0 x CYCLES 

PSO-PS2 

PSA 

Data Bus 

8 

TMRO 

SetTOIF 
Interrupt 

on Overflow 

WOT 
Time-out 

Note: RTE, ATS, PSA, PSO-PS2 
are bits in the OPTION register 
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7.3.1 SWITCHING PRESCALER ASSIGNMENT 

The prescaler assignment is fully under software con
trol, i.e., it can be changed 'on the fly' during program 
execution. To avoid an unintended device RESET, the 
following instruction sequence (shown in Example 7-1) 
must be executed when changing the prescaler assign
ment from TMRO to WOT. Depending on the selected 
prescaler value (lines 2 and 3) determines if lines 9 and 
10 are required: 

EXAMPLE 7-1: CHANGING PRESCALER 
(TMRO.-.+WDT) 

1. BCF STATUS, RPO Bank 0 
2. CLRF TMRO Clear TMRO 
3. BSF STATUS, RPO Bank 1 
4. CLRWDT Clears WDT and 

pre scale 
5. MOVLW B • xxxxlxxx • Select new prescale 
6. MOVWF OPTION value 
7. BCF STATUS, RPO Bank 0 

TABLE 7-1: SUMMARY OF TMRO REGISTERS 

Register Name Function 

TMRO Timer/counter register 

OPTION Configuration and prescaler assignment 
bits for TMRO. See Figure 4-4 

PIC16C64 

Steps 2 and 3 are only required if an external TMRO 
source is used. Steps 9 and 1 Oare necessary only if the 
desired prescale value is '000' or '001 '. 

To change prescalerfrom the WDT!o the TMRO module 
use the sequence shown in Example 7-2. This precau
tion must be taken even if the WOT is disabled. 

EXAMPLE 7-2: CHANGING PRESCALER 
(WOT-+ TMRO) 

1. CLRWDT ;Clear WOT and 
;prescaler 

2. BSF STATUS, RPO 

3. MOVLW B' xxxx.Oxxx • ; Select TMRO, new 
; prescale value and 
;clock source 

4. MOVWF OPTION 
5. BCF STATUS, RPO 

Address Power-on Reset Value 

01h xxxx xxxx 
81h 1111 1111 

INTCON TMRO overflow interrupt flag and mask bits 08h 0000 ooox 
See Figure 4-5 

TABLE 7-2: REGISTERS ASSOCIATED WITH TMRO 

Address Name 

01 TMRO 

OB/88 INTCON 

81 OPTION 

85 TRISA 

Legend - = Unimplemented locations, Read as 'O' 
Shaded boxes are not used by TMRO module. 

© 1994 Microchip Technology Inc. ~ll'®~omofi'il~irw 
2-253 

08302188-page 33 

• 



PIC16C64 

8.0 TIMER1 (TMR1) MODULE 

Timer1 is a 16-bit timer/counter consisting of two 8-bit 
registers (TMR1H and TMR1L) which are readable and 
writable. TMR1 increments from OOOOh to FFFFh and 
rolls over to OOOOh. An interrupt, if enabled, is generated 
on overflow which is latched in interrupt flag bit TMR1 IF 
(PIR1<0>). This interrupt can be enabled or disa,bled 
using the timer1 interrupt enable bit TMR1 IE (PIE1 <0>). 

TMR1 can operate in one of two modes: 

• As a timer 
• As a counter 

This is determined by the clock select bit, TMR1CS 
(TICON<1>). 

FIGURE 8-1: T1CON: TIMER1 CONTROL REGISTER 

lntimermode, TMR1 incrementseveryinstructioncycle. 
In counter mode, it increments on every rising edge of 
external clock input on pin RCO/T1 CKI. 

Timer1 can be turned on or off using the control bit 
TMR10N (T1CON<0>). See description of T1CON 
control register for all control bits related to Timer1. 

Timer1 also has an internal •reset input'. This reset can 
be generated by CCP1 (Capture/compare/PWM) mod
ule. See Section 10 for details. Figure 8-1 shows the 
Timer1 control register. 

When the Timer1 oscillator is enabled (T10SCEN is 
set), the RC1/T1CKO pin becomes an output. That is, 
the TRISC<1> value is ignored. The RCO/T1CKI pin 
should normally be configured as an input (for external 
clock). However, this pin can be configured as an 
output, if self-clocking (through the output pin) is de
sired. 

u u R/W R/W R/W R/W R/W R/W 

l-l-1T1CKPS11T1CKPSO 1T10SCENlT11NSYNC}MR1CSlTMR10NJ ~~~;::~ T1~~~ R/W: Readable & 
writable 

1 bitO POR reset value: OOh R: Readonly 

05302186-page 34 

TMR10N: Timer1 on bit. 

1 = Enables timer1 
0 = Stops timer1 

U: Unimplemented, 
read as 'O' 

TMR1CS: Timer1 clock select. 

1 = External clock (RCO/TCKI pin) (rising edge) 
O = Internal clock (OSC/4) 

T1 INSYNC: Timer1 external clock input 
synchronization control. 

When TMR1CS = 1 (Timer1 uses an external clock) 

1 = Do not synchronize external clock input 
0 = Synchronize external clock input 

When TMR1CS = O (Timer1 uses the internal clock). 

This bit is ignored. 

T10SCEN: Timer1 oscillator enable/disable. 

1 = Oscillator is enabled 
O = Oscillator shut off. The oscillator inverter and 

feedback resistor are turned off to eliminate 
power drain. 

T1CKPS<1:0>: Timer1 input clock prescale select. 

11 = Prescale value = 8 
1 O = Prescale value = 4 
01 = Prescale value = 2 
00 = Prescale value = 1 

Unimplemented. 
read as 'O' 
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8.1 TMR1 Operation in Timer Mode 

Timer mode is selected by clearing the TMR1CS 
(T1 CON<1 >) bit. In this mode, the input clock to the 
timer is OSC/4. The synchronize control bit T1 INSYNC 
(T1 CON<2>) has no effect since the internal clock is 
always in sync. 

8.2 TMR1 Operation in Synchronized 
Counter Mode 

Counter mode is selected by setting the TMR1 CS bit. In 
this mode the timer increments on every rising edge of 
clock input on pin RCOIT10SCO/T1CKI. 

If T1 INSYNC is cleared, then the external clock input is 
synchronized with internal phase clocks. The synchro· 
nization is done after the prescaler stage. The prescaler 
stage is an asynchronous ripple counter. 

In this configuration, during SLEEP mode, TMR1 will not 
increment even if external clock is present, since the 
synchronization circuit is shut off. The prescaler how
ever will continue to increment. 

FIGURE 8-2: TMR1 BLOCK DIAGRAM 

TMR11F 
Overflow 
interrupt TMR1H TMR1L 

TMR10N 
on/off 

PIC16C64 

8.2.1 EXTERNAL CLOCK INPUT TIMING FOR 
SYNCHRONIZED COUNTER MODE 

In synchronized counter mode, the prescaler output is 
sampled twice every instruction cycle. Therefore, the 
following restrictions apply to external clock input: 

when orescaler is 1:1: 

TTCKIH = T1CKI high time~ 2 tosc +AT 

TTCKIL = T1CKI low time~ 2 lose+ AT 

where AT= small RC delay (see timing specifications) 

when prescaler is higher: • 

The input clock is divided by two or more, so the 
prescaler output is symmetrical. The requirements are 
then: 

Prescaler out high time = Prescaler out low time 
= N. TT1CKIP ~ 2 tosc +AT 

where 

2 
or TT1CKIP ~ 4 tosc +AT 

N 
TT1CKIP= 

N 
AT= 

T1CKI input clock period 
prescale value (2, 4, 8) 
small RC delay 
(see timing specifications) 

Note that no requirement on minimum high time or low 
time is mentioned. However, if the pulse is too small it 
may not be recognized. Hence a minimum high and low 
time is specified. 

Tr1cK1H ~AT (see timing specification #45) 
Tr1cK1L >AT (see timing specification# 46) 

pi+-~~_;;;SLn~c~h~ro~n~iz~ed"--. 
clock input 

T11NSYNC 

Prescaler 

RCO/ 
T10SCO/ 

T1CKI 
OSC/4 1, 2, 4, 8 

Synchronize 

_}:det 

RC1/ 
T10SCI 

Internal 
Clock 2 

TMR1 CS T1 CKPS<1 :0> Sleep input 

t When the T1 OSCEN bit is cleared, the inverter and feedback resistor are turned off. This eliminates power drain. 
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8.3 TMR1 Operation in Asynchronous 
Counter Mode 

If the control bit T1 INSYNC is set, the external clock 
input is not synchronized. The timer continues to incre
ment asynchronous to the internal phase clocks. The 
timer will continue to run during SLEEP and generate an 
interrupt on overflow which will wake up the processor. 
However, special precautions in software are needed to 
read/write the timer (see Section 8.3.2). 

In asynchronous counter mode, Timer1 can not be used 
as timebase for capture or compare operations. 

8.3.1 EXTERNAL CLOCK INPUT TIMING WITH 
UNSYNCHRONIZED CLOCK 

If T1 INSYNC is set, the timer will increment completely 
asynchronously. The input clock must meet a certain 
minimum high time and low time requirements, as speci
fied in timing specifications #45 and #46. 

8.3.2 READING AND WRITING TIMER1 IN 
ASYNCHRONOUS COUNTER MODE 

Reading TMR1 H orTMR1 L while the timer is running off 
external asynchronous clock will guarantee a valid read 
(taken care of in hardware). However, the user should 
keep in mind that reading the 16-bit timer in two 8-bit 
values itself poses certain problems since the timer may 
overflow between the reads. 

For writes, it is recommended that the user simply stop 
the timer and write the desired values. A write conten
tion may occur by writing to the timer registers while the 
register is incrementing. This may produce an unpre
dictable value in the timer register. 

Writing to the timer is no problem, if the clock is slower 
than the instruction cycle time. Reading the 16-bit value 
requires some care. Example 8-1 is an example routine 
to read the 16-bit timer value. This is useful if the timer 
cannot be stopped. 

EXAMPLE 8-1: READING A 16-BIT 
FREE-RUNNING TIMER 

All Interrupts are disabled 

MOVF TMRlH, Wreg Read high byte 
MOVWF TMPH 
MOVF TMRlL, Wreg Read low byte 
MOVWF TMPL 
MOVF TMRlH, Wreg Read high byte 
SUBWF TMPH, Wreg Sub lst read 

with 2nd read 
BTFSC STATUS, z is result = 0 
GOTO CONTINUE Good 16-bit read 

TMRlL may have rolled over between the read 
of the high and low bytes. Reading the high 
and low bytes now will read a good value. 

MOVF TMRlH, Wreg Read high byte 
MOVWF TMPH 
MOVF TMRlL, Wreg Read low byte 
MOVWF TMPL 

Re-enable Interrupt (if required) 
CONTINUE Continue with your 

; code 

8.4 Timer1 Oscillator 

A crystal oscillator circuit is built in between T1 CKI pin 
(input) and T1CKO (amplifier output). It is enabled by 
setting control bit T1 OSCEN (T1 CON<3> ). The oscilla
tor is a low-power oscillator rated up to 200KHz. It will 
continue to run during SLEEP. It is primarily intended for 
a 32KHz crystal. Table 8-1 shows the capacitor selec
tion for the Timer1 oscillator. 

The Timer1 oscillator is identical to the LP oscillator. The 
user must allow software time-out to ensure proper 
oscillator start-up. 

TABLE 8-1: CAPACITOR SELECTION FOR 
THE TIMER1 OSCILLATOR 

Osc Freq C1 C2 
Type 

LP 32 KHz§ 15 pF 15 pF 
100KHz 15pF 15 pF 
200KHz 0 • 15 pF 0 -15 pF 

Higher capacitance increases the stability of oscillator but 
also increases the start-up time. These values are for 
design guidance only. 
§For Voo > 4.5V, C1 = C2 - 30pf is recommended . 
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8.5 Resetting Timer1 using CCP1 Trigger 
2Y1'2Y1 

If CCP1 module is configured in compare mode to 
generate a 'special event' trigger(CCP1M<3:0>=1011 ), 
this signal will reset timer1. 

Timer1 must be configured for timer or synchronized 
counter mode operation to take advantage of this fea
ture. If the Timer1 is running in asynchronous counter 
mode, this reset operation may not work. 

In the event that a write to Timer1 coincides with a reset 
trigger from CCP1, the write will take precedence. 

In this mode of operation, the CCPR1 H:CCPR1 L regis
ters pair effectively becomes the period register for the 
timer1. 

PIC16C64 

8.6 Resetting of Timer Registers 

TMR1H and TMR1L registers are not reset on POR or 
any other reset except by the CCP1 special resettrigger. 

T1 CON register is reset to ooh on Power-On Reset. In 
any other reset, the register is unaffected. 

8.7 Prescaler 

The prescaler counter is cleared on writes to the TMR 1 H 
or TMR1 L registers. 

TABLE 8-2: REGISTERS ASSOCIATED WITH TIMER1 AS A TIMER/COUNTER 

Address Name 

OB/SB INT CON 

oc PIR1 

8C PIE1 

OE TMR1L Timer1 Least Significant Byte 

OF TMR1H nmer1 Most Significant Byte 

10 T1CON T1CKPS1 T1CKPSO T10SCEN T11NSYNC TMR1CS TMR10N 

Legend - = Unimplemented locations, Read as 'O' 
Note: Shaded boxes are not used by Timer1 module. 
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9.0 TIMER2 (TMR2) MODULE 

Timer2 is an 8-bittimerwith a prescaler and a postscaler. 
It is especially suitable as PWM time-base (for PWM 
mode of CCP module). TMR2 is a readable and writable 
register. 

The input clock (osc/4) has a prescale option of 1, 4or16 
(selected by control bits TCKPS1, TCKPSO, register 
T2CON). 

Timer2 has an 8-bit period register PR2. Timer2 incre
ments from OOh until it matches PR2 and then resets tO 
OOh. PR2 is a readable and writable register. 

The overflow (or match) output of TMR2 goes through a 
4-bit postscaler (which gives a 1:1 to 1:16 scaling) to 
generatetimer2 interrupt(latched in TMR21Fbit, PIR<1 > ). 

Timer2 can be shut off using TMR20N (T2CON<2>) 
control bit to minimize power consumption. 

Figure 9-2 shows the Timer2 control register. 

FIGURE 9-2: T2CON: TIMER2 CONTROL REGISTER 

u R/W R/W R/W R/W R/W R/W 

9.1 Prescaler and Postscaler 

The prescaler and postscalercounters are cleared when 
any of the following occurs: a write to the TMR2 register, 
a write to the T2CON register, or any device reset 
(Power-On Reset, MCLR reset, or Watchdog Timer 
reset). 

9.2 Output of TMR2 

The output of TMR2 (before the postscaler) is fed to the 
synchronous serial port module which optionally uses it 
to generate shift clock. 
FIGURE 9-1: TIMER2 BLOCK DIAGRAM 

Timer2 
interrupt 
TMR21F 

Prescaler 
1, 4, 16 

2 

• TMR2 output can be software selected by the SSP 
module as baud clock. 

R/W 

OSC/4 

[ -J TOUTPS~TOUTPS2}ouTPs1}ouTPS01 TMR20N}2cKPs11 T2CKPSO l Register: T2CON R/W: Readable & 
Address: 12h writable 
Reset value: OOh U: Unimplemented 

l T T2CKPS<1 :O>: Timer2 clock prescaler select. 
0 = Prescaler is 1 0 

0 1 = Prescaler is 4 
1 x = Prescaler is 16 

TMR20N: Timer2 on/off control. 

=TMR2ison 1 
0 =TMR2isoff 

T OUTPS<3:0>: Timer2 output postscale select 

000 = Postscaler is 1 0 
0 001 = Postscaler is 2 

1 111 = Postscaler is 16 

Unimplemented. 

Read as 'O' 

TABLE 9-1: REGISTERS ASSOCIATED WITH TIMER2 AS A TIMER/COUNTER 

Address Name 

OB INT CON 

oc PIR1 

BC PIE1 

11 TMR2 Timer2 

12 T2CON TOUTPS3 TOUTPS2 TOUTPS1 TOUTPSO TMR20N T2CKPS1 T2CKPSO 

92 PR2 Timer2 period Register 

Legend - = Unimplemented locations, Read as 'O' 
Note: Shaded boxes are not used by Timer2 module. 
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10.0 CAPTURE/COMPARE/PWM 
MODULE 

The PIC16C64 has a Capture/Compare/PWM (CCP) 
module consisting of a 16-bit register which can operate 
as a 16-bit capture register, as a 16-bit compare register 
or as a PWM output. 

CCP1 module; 

Capturelcompare/PWM register1 (CCPR1) is made up 
of two 8-bit sections: low byte, CCPR1L and high byte, 
CCPR1H. Both are readable and writable. 

FIGURE 10-1: CCP1CON REGISTER 

u u R/W R/W R/W R/W R/W 

PIC16C64 

10.1 Capture Mode 

In Capture mode, CCPR1 captures the 16-bit value of 
TMR1 when an event occurs on pin RC2/CCP1. An 
event is defined as: 

1. A falling edge 
2. A rising edge 
3. Every 4 rising edges 
4. Every 16 rising edges 

One of these is selected by the control bits CCP1 M 
• <3:0> in register CCP1CON. When a capture is made 
the interrupt request flag, CCP1 IR bit (PIR<2>) is set. It • 
must be reset in software. If another capture occurs 
before the value in register CCPR1 is read, the old 
captured value will be lost. In capture mode, the 
RC2/CCP1 pin should be configured as an input through 
its corresporicting TRIS bit. 

When the capture mode is changed, a false capture 
interrupt may be generated. The user should clear the 
CCP1 IF bit following any such change in operating 
mode. 

R/W 
Register: CCP1 CON R/W: Readable & 

CCP1X CCP1Y CCP1M3 CCP1M2 CCP1M1 CCP1MO Address: 17h writable 

C 1994 Microchip Technology Inc. 

POR value: OOh U: Unimplemented 

CCP1 M <3:0>: CCP1 mode select. 
0000 = Capture/compare/PWM off 
(Resets CCP1 module) 
0100 =Capture mode, every falling edge 
0101 =Capture mode, every rising edge 
011 O = Capture mode, every 4th rising edge 
0111 = Capture mode, every 16th rising edge 
1000 = Compare mode, set output on match (sets 

CCP11Fblt) 
1001 = Compare mode, clear output on match (sets 

CCP11Fbit) 
1010 =Compare mode, generate software 

interrupt (sets CCP1 IF bit). CCP1 pin 
is unaffected 

1011 =Compare mode, trigger special event (sets 
CCP11Fbit) 

11XX = PWM mode 

CCP1X:CCP1Y: Two low order bits. 
CQpture mode: Unused 

Compare mo!le: Unused 

PWM mode: Write the two low order bits in high 
resolution (1 a.bit) mode. May be kept constant (at '0') 
if only 8-bit resolution (in standard resolution mode) is 
desired. 

Unimplemented. 
Readsas'O'. 
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10.1.1 PRESCALER DETAILS 

There are four prescaler setting, specified by the 
CCP1 M3-CCP1 MO bits. Whenever the CCP module is 
turned off, or the CCP module is not in capture mode, the 
prescaler counter is cleared. This means that any reset 
will clear the prescaler counter. 

Switching from one capture prescaler to another may 
generate an interrupt. Also, the prescaler counter will 
not be cleared, and therefore the first capture may be 
from a non-zero prescaler. Example 10-1 shows the 
recommended way to switch between capture prescalers. 
This example also clears the prescaler counter and will 
not generate the 'false' interrupt. 

EXAMPLE 10-1: CHANGING BETWEEN 
CAPTURE PRESCALERS 

CLRF CCPlCON ; Turn CCP module off 
MOVLW NEW_CAPT_PS ; Load the W reg with 

the new prescaler 
mode value 

MOVWF CCPlCON ; Load CCPlCON with 
this value 

10.1.2 TIMER1 MODE SELECTION 

Timer1 must be running in timer mode or synchronized 
counter mode for the CCP1 modules to use the capture 
feature. In asynchronous counter mode the capture 
operation may not work. 

FIGURE 10-2: CAPTURE MODE OPERATION 

Set CCP11F 
interrupt 
PIR<2> 

Capture 

Q's CCPCON1<3:0> 

10.2 Compare Mode 

In compare mode, the 16-bit CCPR1 register value is 
constantly compared against the timer1. When a match 
occurs, the RC2/CCP1 pin is: 

• Driven High 
• Driven low 
• Remains Unchanged 

The action on the pin is based on the control bits 
CCP1 M <3:0> in register CCP1 CON. At the same time, 
a compare interrupt is also generated (bit CCP11R, 
register CCP1 CON). The user must set the RC2/CCP1 
pin as an output through the TRISC<2> bit. 

10.2.1 TIMER1 MODE SELECTION 

Timer1 must be running in timer mode or synchronized 
counter mode if the CCP1 module is using the compare 
feature. In asynchronous counter mode the compare 
operation may not work. 

10.2.2 SOFTWARE INTERRUPT MODE 

Another compare mode is software interrupt mode in 
which the CCP1 pin is not affected. Only CCP1 IF 
interrupt is generated. 

10.2.3 SPECIAL TRIGGER 

The special trigger output of CCP1 is an internal Hard
ware Trigger which can be used to reset thetimer1. This 
allows the CCPR1 register to effectively be a 16-bit 
programmable period register for timer1. 

FIGURE 10-3: COMPARE MODE OPERATION 

_SetCCP11F 
..._ i interrupt 
!J," PIR<2> 

~~ 
a. 

TRISC<2> CCP1CON<3:0> 
Output Enable Mode Select 
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10.3 PWM Mode 

In Pulse Width Modulation (PWM) mode, the RC2/CCP1 
produces up to 1 O·bit resolution PWM output. This pin 
must be configured as an output through the TRISC<2> 
bit. In PWM mode, the user writes the 8-bit duty-cycle 
value to the low byte of the CCPR1 register, namely 
CCPR1 L. The high-byte, CCPR1 His used as the slave 
buffer to the low byte. The 8·bit data is transferred from 
the master to the slave when the PWM1 output is set (i.e. 
atthe beginning of the duty cycle). This dOuble buffering 
is essential for glitchless PWM output. In PWM mode 
CCPR1 His readable but not writable. The period of the 
PWM is determined by timer2 period register (PR2). 

PWM period is = 
[(PR2) + 1] • 4 tosc • (TMR2 prescale value) 

PWM duty cycle = 
(DC1) • tosc • (TMR2 prescale value) 

where DC1 = 10 bit value from CCPR1L and 
CCP1 CON<5:4> concantenated. 

The PWM output resolution is therefore programmable 
up to a maximum of 10·bit. 

PIC16C64 

FIGURE 10-4: SIMPLIFIED PWM BLOCK 
DIAGRAM 

Duty cycle registers CCP1 CON<5:4> 

A 

RC2/CCP1 

s 

TRISC<2> 

Note: B·bit timer is concantenated with 2-blt internal Q clock 
or 2 bits of the prescaler to create 10-bit time base. 

TABLE 10-1: PWM FREQUENCY VS 
RESOLUTION AT 20 MHZ 

Max Frequency 
Resolution 

(High 
TMR2 TMR2 TMR2 Resolution 

Mode) Prescale = 1 Prescale = 4 Prescale = 16 

10 bit 19.53 KHz 4.88KHz 1.22 KHz 

9 bit 39.06KHz 9.77KHz 2.44 KHz 

8 bit 78.13 KHz 19.53 KHz 4.88 KHz 

TABLE 10-2: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS AT 20 MHz 

PWMFr~ue~ 1.22 KHz 4.88 KHz 19.53 KHz 78.13 KHz 157.5 KHz 210.53 KHz 

Timer Prescaler (1, 4, 16) 16 4 1 1 1 1 

PR2Value OxFF OxFF Ox FF Ox FF Ox7F Ox5F 

Resoution (High-resolution modet) 10-bit 10-bit 10-bit 8-bit 7-bit 6.5-bit 

Resolution (Standard-resolution modet) 8-bit 8-bit 8-bit 6-bit 5-bit 4.5-bit 

t Standard resolution mode has the CCPIX:CCPIY bit constant (or'O'), and only compares the TMR2 against the PR2. The Q-cycles 
are not used. 
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TABLE 10-3: REGISTERS ASSOCIATED WITH TIMER1 AND CAPTURE 

Address Name 

OB/88 INTCON 

oc PIR1 

8C PIE1 

OE TMR1L 

OF TMR1H 

10 T1CON 

15 CCPR1L 

16 CCPR1H 

17 CCP1CON 

81t6 

PEIE 

8115 

1imer1 Least Signif1CBnt Byte 

1imer1 Most Significant Byte 

8114 8110 

TMR11F 

TMR11E 

T1CKPS1 T1CKPSO T10SCEN T11NSYNC TMR1CS TMR10N 

Timer1 Capture Register (LSB) 

Timer1 Capture Register (MSB) 

CCP1M3 CCP1M2 CCP1M1 CCP1MO 

Legend - = Unimplemented locations, Read as 'O' Note: Shaded boxes are not used in this mode. 

TABLE 1CM: REGISTERS ASSOCIATED WITH TIMER1 AND COMPARE 

Address Name 8116 8115 8114 

OB/8B INTCON. PEIE 

oc PIR1 

BC PIE1 

OE TMR1L Timer! Least Significant Byte 

OF TMR1H Timer! Most Significant Byte 

10 T1CON T1CKPS1 T1CKPSO T10SCEN T11NSYNC TMR1CS TMR10N 

15 CCPR1L 1imer1 Compare Register (LSB) 

16 CCPR1H Timer1 Compare Register (MSB) 

17 CCP1CON CCP1M3 CCP1M2 CCP1M1 CCP1MO 

Legend - = Unimplemented locations, Read as 'O' Note: Shaded boxes are not used in this mode. 

TABLE 10-S: REGISTERS ASSOCIATED WITH TIMER2 AND PWM 

Address Name 

OB/8B INTCON 

oc PIR1 

8C PIE1 

11 TMR2 1imer2 

92 PR2 1imer2 period Register 

12 T2CON TOUTPS3 TOUTPS2 TOUTPS1 TOUTPSO TMR20N T2CKPS1 T2CKPSO 

15 CCPR1L 1imer2 Duty Cycle Register 

16 CCPR1H Timer2 Duty Cycle Register (Slave) 

17 CCP1CON CCP1X CCP1Y CCP1M3 CCP1M2 CCP1M1 CCP1MO 

Legend - = Unimplemented locations, Read as 'O' Note: Shaded boxes are not used in this mode. 
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11.0 SYNCHRONOUS SERIAL PORT 
(SSP) 

The Synchronous Serial Port (SSP) module is a serial 
interface useful for communicating with other peripheral 
or microcontroller devices. These peripheral devices 
may be Serial EEPROMs, shift registers, display drivers, 
AID converters, etc. The SSP module can operate in one 
of two modes: 

• Serial Peripheral Interface (SPI) 
• Inter-Integrated Circuit (12C) 

PIC16C64 

FIGURE 11-1: SSPSTAT: SYNC SERIAL PORT STATUS REGISTER 

u u R R R 

l - l - l DIA l pl s l 

C 1994 Microchip Technology Inc. 

R R 

Riii l UA l 
R 

BF J 
Register SSPSTAT 
Addr: 94h 
POR value: OOh 

R/W: Readable & 
writable bit 

R: Read only bit 
0 

Lite 
F: Bufferfull 
ecejyeMode 

U: Unimplemented, 
read as 'O' 

R 
1 = Receive complete, SSPBUF is full 
0 = Receive not complete, SSPBUF is empty 

ransmitMode T 
1 
0 

u 
1 

0 

T 

= Transmit in progress, SSPBUF is full 
= Transmit complete, SSPBUF Is empty 

A: Update Address (10-bit l"C slave mode only). 
= Indicate that the user needs to update the 

address in the SSPADD register. See 
Section 11.2 for details. 

= Address does not need to be updated. 

RiW: Read/write bit information (12C mode only) 
his bit holds the RlW bit information received 
llowing the last address match. This bit is only 

valid during the transmission. 
lo 

The user may use this bit in software to determine 
hether transmission or reception is in progress. 
= Read 

w 
1 
0 =Write 

s : Start bit (12C mode only) Flag 
This bit is cleared when the SSP module is 

sabled (SSPEN is cleared) di 
1 

0 
N 

p 

= Indicates that a start bit has been detected 
last. This bit is O on reset. 

= Start bit was not detected last 
ote: This bit also operates in the Master Modes 

: Stop bit (12C mode only) Flag 
This bit is cleared when the SSP module is 

sabled (SSPEN is cleared) di 
1 = Indicates that a stop bit has been detected 

last. 
0 = Stop bit was not detected last 
N ote: This bit also operates In the Master Modes 

I/A: Data/Address bit (12C mode only) D 
1 
0 

u 

= Indicates that the last byte received was data 
= Indicates that the last byte received was 

address 

nimplemented. 
Reads as 'O'. 
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FIGURE 11-2: SSPCON: SYNC SERIAL PORT CONTROL REGISTER 

R/W R/W R/W R/W R/W R/W R/W R/W 

L WCOL l SSPOV l SSPEN l CKP l SSPM3l SSPM2j SSPM1j SSPMO j 
BitO 

Register SSPCON R/W: 
Addr: 14h 
POR value: OOh R: 

Readable& 
writable bit 
Read only bit 
Unimplemented, 
read as 'O' 

U: 

.__ __ _._ __ _.. ___ .._ SSPM<3:0>: Synchronous serial port mode select 
0000 = SPI master mode, clock = osc/4 
0001 = SPI master mode, clock = osc/16 
001 O = SPI master mode, clock = osc/64 
0011 = SPI master mode, clock = (TMR2 outpuV2) 
0100 = SPI slave mode, clock= SCK pin. SS pin control 

enabled. 
0101 = SPlslavemode,clock=SCKpin. SSpincontrol 

disabled. SS can be used as VO pin. 
011 O = 12C slave mode, 7-bit address 
0111 = 12C slave mode, 10-bit address 
1011 = l2C master mode support enabled (slave idle) 
1110 = l"Cslavemode, 7-bltaddresswithmastermode 

support enabled 
1111 = 12C slave mode, 10-bit address with master 

mode support enabled 

'-------------- CKP: Clock polarity select. 
In SPI modes· 
1 = Transmit happens on falling edge, receive on rising 

edge. Idle state for clock is a High level. 
0 = Transmit happens on rising edge, receive on falling 

edge. Idle state for clock is a Low level. 
l!ll~ 
SCK release control 
1 = Enable clock 
o = Holds clock low (clock stretch) 
Note: Used to ensure data setup time 

'----------------- SSPEN: Sync serial port enable 
In SPI modes· 

1 = Enables serial port and configures SCK, SDO and 
SDI as serial port pins. 

o = Disables serial port and configures these pins as 
l/Oportpins. 

l!ll~ 
1 = Enables the serial port and configures SDA and 

SCL pins as serial port pins. 
O = Disables serial port and configures these pins as 

1/0 port pins. 

In both modes, when enabled, these pins must be 
property configured as input or output. 

SSPOV: Receive overflow flag. 
In SPI modes: 

1 = A new byte is received while SSPBUF register is 
still holding the previous data. In case of overflow, 
the data in SSPSR is lost. Overflow can only occur 
in slave mode. The user must read the SSPBUF, 
even if only transmitting data, to avoid setting 
overflow. In master mode overflow bit is not set 
since each new reception (and transmission) is 
initiated by writing to SSPBUF. 

l!ll~ 
1 = A byte is received while the SSPBUF is still 

holding the previous byte. 
SSPOV is a don't care in transmit mode. 

SSPOV must be cleared in software in either mode. 

'----------------------- WCOL: Write collision detect. 

DS3021BB-page 44 

1 = the SSPBUF register is written while it is still 
transmitting the previous word. 
Must be cleared in software. 

O = No collision 
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11.1 SPI Mode 

The SPI mode allows 8-bits of data to be synchronously 
transmitted and received simultaneously. To accom
plish communication, typically three pins are used: 

• Serial Data Out (SDO) 
• Serial Data In (SDI) 
• Serial Clock (SCK) 

Additionally a fourth pin may be used when in a slave 
mode of operation: 

• Slave Select (SS ) 

When initializing the SPI, several options need to be 
specified. This is done by appropriately programming 
the control bit in the SSPCON register (SSPCON<5:0>). 
These control bits allow the following to be specified: 

• Master Mode (SCK is the clock output) 
• Slave Mode (SCK is the clock input) 
• Clock Polarity (Output/Input data on the Rising/ 

Falling edge of SCK) 
• Clock Rate(Master mode only) 
• Slave Select Mode (Slave mode only) 

The SSP consists of a transmit/receive Shift Register 
(SSPSR) and a Buffer register (SSPBUF). The SSPSR 
shifts the data in and out of the device, while the 
SSPBUF holds the data that was written to the SSPSR, 
until the received data is ready. Once the 8-bits of data 
have been received, that information is moved to the 
SSPBUF register, the Buffer Full (BF) bit 
(SSPSTAT <0>) and the SSPIF bit are set. This double 
buffering of the received data (SSPBUF), allows the next 
byte to start reception before reading the data that was 
received. Any write to the SSPBUF register during 
transmission/reception of data will be ignored, and the 
write collision detect (WCOL) bit (SSPCON<7>) will be 
set. User software must clear the WCOL bit so that it can 
be determined if the following write(s) to the SSPBUF 
completed successfully. When the application software 
is expecting to receive valid data, the SPPBUF should 
be read before the next byte of data to transfer is written 
to the SSPBUF. The Buffer Full (BF) bit (SSPSTAT <0>) 
indicates when the SSPBUF has been loaded with the 
received data (transmission is complete). When the 
SSPBUF is read, the BF bit is cleared. This data may be 
irrelevant if the SPI is only a transmitter. Generally the 
SSP Interrupt is used to determine when the transmis
sion/reception has completed. The SSPBUF can then 
be read (if data is meaningful) and/or the SSPBUF 
(SSPSR) can be written. If the interrupt method is not 
going to be used, then software polling can be done to 
ensure that a write collision does not occur. Example 11-1 
shows the loading of the SSPBUF (SSPSR) for data 
transmission. The instructions with the comment fields 
beginning with ;***are only required if the received data 
is meaningful. 

PIC16C64 

EXAMPLE 11-1: LOADING THE SSPBUF 
(SSPSR) REGISTER 

LOOP BSF STATUS, RPO ; Specify Bank 1 
BTFSS SSPSTAT, BF ;Has data been 

;received 
; (transmit complete)? 

ooro LOOP ;No 

BCF STATUS, RPO ;Specify Bank O 
MJllF SSPBUF, W ;W reg= contents 

;of SSPBUF 
MJllWF RXmTA ; *** Save in user RAM 
MJllF TXDATA, W ;W reg = contents of 

;TXDA.TA 
MJllWF SSPBUF ;New data to xmit. 

The block diagram of the SSP module, when in SPI 
mode (Figure 11-3), shows that the SSPSR is not 
directly readable or writable, and can only be accessed 
from addressing the SSPBUF register. Additionally, the 
SSP status register (SSPSTAT) indicates the various 
status conditions. 

FIGURE 11-3: SSP BLOCK DIAGRAM 
(SPIMODE) 

bilO Shift 
clock 

TRISA<5> 

Clock select 

SSPM<3:0> 

C 1994 Microchip Technology Inc. 1Pir~~omo111l~iry 
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To enable the serial port, the SSP enable bit (SSPEN) 
must be set. This configures the SDI, SDO, SCK, and 
SS pins as serial port pins. For the pins to behave as the 
serial port function, they must have their data direction 
bits (in the TRISC register) appropriately programmed. 
That is: 

• SDI must have TRISC<4> set 
• SDO must have TRISC<5> cleared 
• SCK (Master mode) must have TRISC<3> cleared 
• SCK (Slave mode) must have TRISC<3> set 

• SS must have TRISA<5> set 

Any serial port function that is not desired may be 
overridden by programming the corresponding data 
direction (TRIS) register to the opposite value. An ex
ample would be in master mode where you are Q!!]y 
sending data (to a display driver), then both SDI and SS 
could be used as general purpose inputs by clearing 
their corresponding TRIS register bits. 

Figure 11-4 shows a typical connection between two 
microcontrollers. The master controller (Processor 1) 
initiates the data transfer by sending the SCK signal. 
Data is shifted out of both shift registers on their pro
grammed clock edge, and latched on the opposite edge 
of the clock. Both processors should be programmed to 
same Clock Polarity (CKP), then both controllers would 
send and receive data at the same time. Whether the 
data is meaningful (or dummy data) depends on the 
application software. This leads to three scenarios for 
data transmission: 

• Master sends data - Slave sends dummy data 
• Master sends data - Slave sends data 
• Master sends dummy data - Slave sends data 

The master can initiate the data transfer at any time 
because it controls the SCK. How the master knows 
when the slave (Processor 2) wishes to broadcast data 
is determined by the software protocol 

In master mode the data is transmitted/received as 
soon as the SSPBUF is written to. If the SPI is only going 
to receive, the SCK output could be disabled (pro
grammed as an input). The SSPSR register will con
tinue to shift in the signal present on the SDI pin at the 
programmed clock rate. As each byte is received, it will 
be loaded into the SSPBUF as if a normal received byte 
(interrupts and status bits appropriately set). This could 
be useful in receiver applications as a "line activity 
monitor" mode. 

In slave mode, the data is transmitted and received as 
the external clock pulses appear on SCK. When the last 
bit is latched the interruptflag (SSPIF) is set (PIR1 <3>). 

The clock polarity is selected by appropriately program
ming the CKP bit (SSPCON<4>). This then would give 
waveforms for SPI communication as shown in 
Figures 11-5 and 11-6. In master mode the SPI clock 
rate (bit rate) is user programmable to be one of the 
following: 

• OSC 14 (or Tcy) 
• OSC / 16 (or 4 • Tcy) 
• OSC / 64 (or 16 • Tcy) 
• Timer2 output I 2 

This allows a maximum bit clock frequency (at 20 MHz) 
of 5 MHz. When in slave mode the external clock must 
meet the minimum high and low times as specified in 
timing parameters 71 and 72. 

FIGURE 11-4: SPI MASTER/SLAVE CONNECTION 

SPI Master SSPM<3:0> = OOxxb 

SDO 

Serial Input Buffer 
(SSPBUF) 

msb 

Shift Register 
(SSPSR) 

lsb 

SDI 

SCLK, 
I 

PROCESSOR1 I 

------------------------' 

,------------------------, 
' SPI Slave SSPM<3:0> = 010xb 

SDI 

SDO 

Serial Input Buffer 
(SSPBUF) 

Shift Register 
(SSPSR) 

msb 
Serial ~ , SCLK 
Clock , 

I 
PROCESSOR2 I 

L------------------------' 
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The SS pin allows a synchronous slave mode. The SPI 
must be in slave mode (SSPCON<3:0> = 04h) and the 
TRISA<5> bit must be set the for the synchronous slave 
mode to be enabled. When the SS pin is low, transmis
sion and receptio.n_are enabled and the SDO pin is 
driven. When the SS pin goes high, the SDO pin is no 
longer driven, even if in the middle of a transmitted byte, 
and becomes a floating output. External pull-up I pull-

PIC16C64 

down resisters may be desirable, depending on the 
application. 

To emulate 2-wire communication, the SDO pin can be 
connected to the SDI pin. When the SPI needs to 
operate as a receiver the SDO pin can be configured as 
an input. This disables transmissions from the SDO. The 
SDI can always be left as an input (SDI function) since 
it cannot create a bus conflict. 

FIGURE 11-5: SPI MODE TIMING (MASTER MODE OR SLAVE MODE W/O SS CONTROL) 

SCK 
(CKP=O) 

SCK 
(CKP=1) 

SSPIF 

: blt7 

interruptflag -----------------------------~ 

FIGURE 11-6: SPI MODE TIMING (SLAVE MODE WITH SS CONTROL) 

ss 

SCK 
(CKP=O) 

SCK 
(CKP=1) 

soo 

SDI 

bitO 

SSPIF 

TABLE 11-1: REGISTERS ASSOCIATED WITH SPI OPERATION 

Address Name 

OB/BB INTCON 

oc PIR1 

BC PIE1 

13 SSPBUF Synchronous Serial Port Receive BufferfTransmit Register 

14 SSPCON WCOL SSPOV 

94 SSPSTAT 

Legend - = Unimplemented locations, Read as 'O' Note: Shaded boxes are not used by SSP module in SPI mode. 

SSPMO 

BF 
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11.2 !2C Overview 

This section gives an overview of the Inter-IC (12C) bus, 
with Section 11.3 discussing the operation of the SSP 
module in 12C mode. The Inter-IC (12C) bus is a two-wire 
serial interface developed by Philips/Signetics™. The 
original specification, or standard mode, was for data 
transfers of up to 100-Kbps. An enhanced specification, 
or fast mode, supports data transmission up to 400 
Kbps. Both standard mode and fast mode devices will 
inter-operate if attached to the same bus. 

The 12C interface employs a comprehensive protocol to 
ensure reliable transmission and reception of data. 
When transmitting data, one device is the "master" 
(generates the clock), while the other device(s) acts as 
the "slave". All Portions of the slave protocol are imple
mented in the SSP module's hardware, while portions 
of the master protocol will need to be addressed in the 
PIC16CXX software. Table 11-2 defines some of the 
12C-bus terminology. For additional infonnation on the 
12C interface specification, please refer to the Philips/ 
Signetics™ document• The 12C-bus and how to use it". 
The order number for this document is 98-8080-575. 

In the 12C interface protocol each device has an address. 
When a master wishes to initiate a data transfer, it first 
transmits the address of the device that it wishes to "talk" 
to. All devices "listen" to see if this is their address. Within 
this address, a bit specifies if the master wishes to read 
I write from I to the slave device. The master and slave 
are always in opposite modes (transmitter/receiver) of 
operation during a data transfer. That is they can be 
thought of operating in either of these two relations: 

• Master-transmitter and Slave-receiver 
• Slave-transmitter and Master-receiver 

In both cases the master generates the clock signal. 

The output stages of the clock (SCL) and data (SDA) 
lines must have an open-drain or open-collector in order 
to perfonn the wired-AND function of the bus. External 
pull-up resistors are used to ensure a high level, when no 
device is pulling the line down .. The number of devices 
that may be attached to the 12C bus is limited only by the 
maximum bus loading specification of 400 pF. 

TABLE 11-2: PC-BUS TERMINOLOGY 

Term Description 

Transmitter The device that sends the data to the bus 

11.2.1 INITIATING AND TERMINATING DATA 
TRANSFER 

During times of no data transfer (idle time), both the 
clock line (SCL) and the data line (SDA) are pulled high 
through the external pull-up resistors. The START and 
STOP conditions determine the start and stop of data 
transmission. The START condition is defined as a high 
to low transition of the SDA when the SCL is high. The 
STOP condition is defined as a low to high transition of 
the SDA when the SCL is high. Figure 11-7 shows the 
START and STOP conditions. The master generates 
these conditions for starting and terminating data trans
fer. Due to the definition of the START and STOP 
conditions, when data is being transmitted the SDA line 
can only change state when the SCL line is low. 

FIGURE 11-7: START AND STOP 
CONDITIONS 

r----1 I I I :----: --n: n=----·---r-\ : : r.--· 
SOA ! ! ~----__µ+-t-J ! 
+-h ! ! r-----~ ! 1 rf-+---
.. i o i 'L-Y L-J;!n! 

SCL!S1 1 I !Pl 
l ____ J I l L ___ J 

I I I I 

Start Change Change Stop 
Condition of Data of Data Condition 

Allowed Allowed 

Receiver The device that receives the data from the bus 

Master The device which initiates the transfer, generates the clock, and terminates the transfer 

Slave The device addressed by a master 

Multi-master More than one master device in a system. These masters can attempt to control the bus at the same 
time without corrupting the message 

Arbitration Procedure that ensures that only one of the master devices will control the bus. This ensures that 
the transfer data does not get corrupted. 

Synchronization Procedure where the clock signals of two or more devices are synchronized. 
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11.2.2 ADDRESSING 12C DEVICES 

There are two address formats. The simplest is the 7-bit 
address format with a R/W bit (see Figure 11-8). The 
more complex is the 10-bit address with a R/W bit (see 
Figure 11-9). For 10-bit address format, two bytes must 
be transmitted with the first five bits specifying this to be 
a 10-bit address. 

FIGURE 11-8: 7-BIT ADDRESS FORMAT 

s 
RIW -
i\CK -

MSB LSB 

l_ slave address __J Se~ by 

Start Condition Slave 
Read/Wr1te pulse 
Acknowledge 

FIGURE 11-9: 12C 10-BIT ADDRESS FORMAT 

[sI1111 o A9AB RWIACRIA1 As As A4 A3A2 A1 A<[~ I ~sent by slave T 
=Oforwrite 

s - Start Condition 
RJW - Read/Write Pulse 
ACK - Acknowledge 

FIGURE 11-11: A DATA TRANSFER 

,---, 
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11.2.3 TRANSFER ACKNOWLEDGE 

All data must be transmitted per byte, with no limit to the 
number of bytes transmitted per data transfer. After 
each byte,_the slave-receiver generates an acknowl
edge bit (ACK ). This is shown in Figure 11-10. When a 
slave-receiver doesn't acknowledge the slave address 
or received data, the master must abort the transfer. The 
slave must leave SDA high so that the master can 
generate the STOP condition (see Figure 11-7). 

FIGURE 11-10: SLAVE-RECEIVER 
ACKNOWLEDGE 

Data .--1 
Outputby-J-- I ~--~ 

Transmitter I \l,_L____/\..-A~. 
1 I not acknowledge 

Oata I I ~ 
Output by I 1 
ReceWer I I 

1 I acknowledge 
SCL from -t--jl. I"">. I"">. r:"\ r:"\ 

Master : I \..J 1 \..J 2 \_ __ _, 8 LJ 9 '-

I I 1 IS I 

·-~ Siar! Clock pulse for 
Condition acknowledgement 

If the master is receiving the data (master-receiver), it 
generates an acknowledge signal for each received 
byte of data, except for the last byte. To signal the end 
of data to the slave-transmitter, the master does not 
generate an acknowledge (not acknowledge). The slave 
then releases the SDA line so the master can generate 
the STOP condition. The master can also generate the 
STOP condition during the acknowledge pulse for valid 
termination of data transfer. 

If the slave needs to delay the transmission of the next 
byte, holding the SCL line low will force the master into 
a wait state. Data transfer continues when the slave 
releases the SCL line. This allows the slave to move the 
received data or fetch the data it needs to transfer before 
allowing the clock to start. This wait state technique can 
also be implemented at the bit level. Figure 11-11 
shows a data transfer waveform. 

,---1 

==~ soAJ\J.m== I I MSB acknowledgement 
1 I signal from receiver 

byte complete. acknowledgement I I 
interrupt with receiver signal from receiver 1 I 

I I 
I I 
I I 
I I 

sc~--
Start 

Condition 
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Address 

I I 
clock line held low while I I 
interrupts are serviced 1 I 

9 ! 1 2 3-.-8~ 
L.JL_J L_J s!o~ 

R/W ACK Wait Data ACK Condition 
State 
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Figures 11-12 and 11-13 show Master-transmitter and 
Master-receiver data transfer sequences. 

When a master does not wish to relinquish the bus (by 
generating a STOP condition), a repeated START con
dition (Sr) must be generated. This condition is identical 
to the start condition (SDA goes high-to-low while SCL 

is high), but occurs after a data transfer acknowledge 
pulse (not the bus-free state). This allows a master to 
send "commands" to the slave and then receive the 
requested information or to address a different slave 
device. This sequence is shown in Figure 11-14. 

FIGURE 11-12: MASTER-TRANSMITTER SEQUENCE 

For 7-bitaddress: 

A master transmitter addresses a slave receiver with a 
7-bit address. The transfer direction is not changed. 

For 10-bit address: 

A = acknowledge (SDA low) 
Ill From master to slave A = not acknowledge (SDA high) 

S = START condition 0 From slave to master p = STOP condition 
A master transmitter addresses a slave receiver with a 
10-bit address. 

FIGURE 11-13: MASTER-RECEIVER SEQUENCE 

For 7-bit address: For 10-bit address: 

A master reads a slave immediately after the first byte. 

A= acknowledge (SDA low) 

111 From master to slave 

0 From slave to master 

A = not acknowledge (SOA high) 
S =START condition 
P = STOP condition 

A master transmitter addresses a slave receiver with a 
10-bit address. 

FIGURE 11-14: COMBINED FORMAT 

Transfer direction of data and acknowledgement bits depends on RiW bits. 

Combined Format: 

Combined format - A master addresses a slave with a 10-bit address, then transmits 
data to this slave and reads data from this slave. 

Ill From master to slave 

0 From slave to master 
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f!:! = acknowledge (SDA low) 
A = not acknowledge (SDA high) 
S =START condition 
P = STOP condition 
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11.2.4 Multi-master 

The 12C protocol allows a system to have more than one 
master. This is called multi-master. When two or more 
masters try to transfer data at the same time, arbitration 
and synchronization occur. 

11.2.4.1 ARBITRATION 

Arbitration takes place on the SDA line, while the SCL 
line is high. The master which transmits a high when the 
other master transmits a low loses arbitration (see 
Figure 11-15), and turns off its data output stage. A 
master which lost arbitration can generate clock pulses 
until the end of the data byte where it lost arbitration. 
When the master devices are addressing the same 
device, arbitration continues into the data. 

FIGURE 11-15: MULTI-MASTER 
ARBITRATION (2 MASTERS) 

transmitter 1 loses arbitration 
',(_ DATA 1 SDA : -------------· 

SDA 
I I 

I I I I 

SCL : ~ /\] n /,\ n n I 
I I I I 

'---' I I 

Masters that also incorporate the slave function, and 
have lost arbitration must immediately switch over to 
slave-receiver mode. This is because the winning mas
ter-transmitter may be addressing it. 

Arbitration is not allowed between: 

• A repeated START condition 
• A STOP condition and a data bit 
• A repeated ST ART condition and 

a STOP condition 

Care needs to be taken to ensure that these conditions 
do not occur. 

PIC16C64 

11.2.4.2 CLOCK SYNCHRONIZATION 

Clock synchronization occurs after the devices have 
started arbitration. This is performed using a wired-AND 
connection to the SCL line. A high to low transition on the 
SCL line causes the concerned devices to start counting 
off their low period. Once a device clock has gone low, 
it will hold the SCL line low until its SCL high state is 
reached. The low to high transition of this clock may not 
change the state of the SCL line, if another device clock 
is still within its low period. The SCL line is held low by 
the device with the longest low period. Devices with 
shorter low periods enter a high wait-state, until the SCL 
line comes high. When the SCL line comes high, all 
devices start counting off their high periods. The first 
device to complete its high period will pull the SCL line 
low. The SCL line high time is determined by the device 
with the shortest high period. This is shown in 
Figure 11-16. 

FIGURE 11-16: CLOCK SYNCHRONIZATION 

CLK 
1 

CLK 
2 

SCL 

wait start counting 
state HIGH period 

r- -r--------
'---··'----
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11.3 SSP l2C Operation 

The SSP module in 12C mode fully implements all slave 
functions, and provides support in hardware to facilitate 
software implementations of the master functions. The 
SSP module implements the standard and fast mode 
specifications as well as 7-bit and 10-bit addressing. 
Two pins are used for data transfer. These are the 
RC3/SCK/SCL pin, which is the clock (SCL), and the 
RC4/SDl/SDA pin, which is the data (SDA). The user 
must configure these pins as inputs or outputs through 
the TRISC<4:3> bits. A block diagram of the SSP 
module in l"C mode is shown in Figure 11-17. The SSP 
module functions are enabled by setting the SSP Enable 
(SSPEN) bit (SSPCON<5>). 

FIGURE 11-17: SSP BLOCK DIAGRAM 
(12C MODE) 

Set, Reset 
S, Pbits 
(SSPSTAT Reg) 

The SSP module has five registers for 12C operation. 
These are the: 

• SSP Control Register (SSPCON) 
• SSP Status Register (SSPSTAT) 
• Serial Receive I Transmit Buffer (SSPBUF) 
• SSP Shift Register (SSPSR) - Not directly 

accessible 
• Address Register (SSPADD) 

The SSPCON register allows control of the 12C opera
tion. Four mode selection bits (SSPCON<3:0>) allows 
one of the following 12C modes to be selected: 

• 12C Slave mode (7-bit address) 
• 12C Slave mode (10-bit address) 
• 12C Slave mode (7-bit address), with 

master-mode support 
• l2C Slave mode (10-bit address), with 

master-mode support 
• 12C Master mode, slave is idle 

Selection of any 12C mode and with the SSPEN bit set, 
forces the SCL and SDA pins to be open collector, 
provided these pins are set to inputs through the TRISC 
bits. 

The SSPSTAT register gives the status of the data 
transfer. This information includes detection of a ST ART 
or STOP bit, specifies if the received byte was data or 
address, if the next byte is the completion of 10-bit 
address, and if this will be a read or write data transfer. 
The SSPSTAT register is read only. 

The SSPBUF is the register to which transfer data is 
written to or read from. The SSPSR register shifts the 
data in or out of the device. In receive operations, the 
SSPBUF and SSPSR create a doubled buffered re
ceiver. This allows reception of the next byte before 
reading the last byte of received data. When the com
plete byte is received, it is transferred to the SSPBUF 
and the SSPIF is set. If another complete byte is re
ceived before the SSPBUF is read, a receiver overflow 
has occurred and the SSPOV bit (SSPCON<6> is set. 

The SSPADD register holds the slave address. In 10-bit 
mode, the user needs to write the high byte of the 
address (1 1 1 1 0 A9 AB 0). Following the high byte 
address match, the low byte of the address needs to be 
loaded (A7 - AO). 
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11.3.1 Slave Mode 

In slave mode, the SCL and SDA pins must be config
ured as inputs (TRISC<4:3> set). The SSP module will 
override the input state with the output data when 
required (slave-transmitter). 

When an address is matched or the data transfer from 
an address match is received, the hardware automati
cally will generate the acknowledge (ACK ) pulse, and 
then load the SSPBUF with the received value in the 
SSPSR. 

There are certain conditions that will cause the SSP 
module notto give this ACK pulse. These are if either (or 
both): 

• The Buffer Full (BF) bit was set before the transfer 
was received. 

• The Overflow (SS POV) bit was set before the transfer 
was received. 

In this case, the SSPSR value is not loaded into the 
SSPBUF, but the SSPIF bit is set. Table 11-3 shows 
what happens when a data transfer byte is received, 
given the status of the BF and SSPOV bits. The shaded 
boxes shows the condition where user software did not 
properly clear the overflow condition. The BF flag is 
cleared by reading the SSPBUF register while the 
SSPOV bit is cleared through software. 

The SCL clock input must have a minimum high and low 
for proper operation. The high and low times of the 12C 
specification as well as the requirement of the SSP 
module is shown in timing specifications #90 and 91. 

PIC16C64 

11.3.1.1 ADDRESSING 

Once the SSP module has been enabled, The SSP 
waits for a START condition to occur. Following the 
START condition, the B-bits are shifted into the SSPSR. 
All incoming bits are sampled with the rising edge of the 
clock (SCL) line. The SSPSR<7:1> is compared to the 
SSPADD register. The address is compared on the 
falling edge of the eighth clock (SCL) pulse. If the 
addresses match, and the BF and SS POV bits are clear, 
the following things happen: 

• SSPSR loaded into SSPBUF 
• Buffer Full (BF) bit is set 

• ACK pulse is generated 
SSP Interrupt Flag (SSPIF) is set (interrupt is gener
ated if enabled) - on falling edge of ninth SCL pulse 

In 10-bit address mode, two address bytes need to be 
received by the slave (see Figure 11-9). The five Most 
Significant bits (MSbs) of the fi~ address byte, specify 

if this is a 10-bit address. The RflN bit (bit 0) must specify 
a write, so the slave device will receive the second 
address byte. For a 10-bit address the first byte would 
equal '1 1 1 1 O A9 AB O', where A9 and AB are the two 
MSbs of the address. The sequence of events for 10-bit 
address are as follows, with steps 7-9 for slave-transmit
ter: 

1. Receive first (high) byte of Address (SSPIF, BF and 
UA are set) 

2. Update SSPADD with second (low) byte of Address 
(clears UA and releases SCL line) 

3. Read SSPBUF (clears BF) and clear SSPIF 
4. Receive second (low) byte of Address (SSPIF, BF 

and UA are set) 
5. Update SSPADD with first (high) byte of Address 

(clears UA, if match releases SCL line) 
6. Read SSPBUF (clears BF) and clear SSPIF 
7. Receive Repeated START condition 
B. Receive first (high) byte of Address (SSPIF and BF 

are set) 
9. Read SSPBUF (clears BF) and clear SSPIF 

TABLE 11-3: DATA TRANSFER RECEIVED BYTE ACTIONS 

Status Bits as Data Set SSPIF bit 
Transfer is Received Generate ACK (SSP Interrupt if 
BF SS POV SSPSR->SPBUF Pl Enabled 

0 0 Yes Yes Yes 

0 No No Yes 

No No Yes 
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11.3.1.2 RECEPTION 

When the A/IN bit of the addr~s byte is clear and an 
address match occurs, the A/IN bit of the SSPSTAT 
register is cleared. The received address is loaded into 
theSSPBUF. 

When the address byte overflow condition exists then no 
acknowledge (ACK ) pulse is given. An overflow condi
tion is defined as either the BF bit (SSPSTAT <0>) is set 
or the SSPOV bit (SSPCON<6>) is set. 

A SSPIF interrupt is generated for each data transfer 
byte. The SSPIF bit must be cleared in software, and the 
SSPSTAT register is used to determine the status of the 
byte. 

FIGURE 11-18: PC WAVEFORMS FOR RECEPTION (7-BIT ADDRESS) 

SSPIF (PIR1<3> 

BF (SSPSTAT<Cl>) 

SSPOV (SSPCON<6>) 
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11.3.1.3 TRANSMISSION 

When the R!N bit of the addrn_ss byte is set and an 
address match occurs, the R!N bit of the SSPSTAT 
register is set. The received address is loaded into the 
SSPBUF. The ACK pulse will be sent on the ninth bit, 
and the SCL pin is held low. The transmit data must be 
loaded into the SSPBUF register, which also loads the 
SSPSR register. Then the SCL pin should be enabled by 
setting the CKP bit (SSPCON<4>). The eight data bits 
are shifted out on the falling edge of the SCL input. This 
ensures that the SDA signal is valid during the SCL high 
time (see Figure 11-19). 

PIC16C64 

A SSPIF interrupt is generated for each data transfer 
byte. The SSPIF bit must be cleared in software, and the 
SSPSTA T register is used to determine the status of the 
byte. The SSPIF bit is set on the falling edge of the ninth 
clock pulse. 

As a slave-transmitter, the ACK pulse from the master
receiver is latched on the rising edge of the ninth SCL 
input pulse. If the SDA line was high (not ACK), then the 
data transfer is complete. The slave then monitors for 
another occurrence of the START bit. If the SDA line was 
low (ACK ), the transmit data must be loaded into the 
SSPBUF register, which also loads the SSPSR register. • 
Then the SCL pin should be enabled by setting the CKP 
bit (SSPCON<4>). 

FIGURE 11-19: PC WAVEFORMS FOR TRANSMISSION (7-BIT ADDRESS) 

SDA 

SCL 

SSPIF (PIA1 <3>) 

BF (SSPSTAT<O>) 
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11.3.2 Master Mode 

Master mode of operation is supported by interrupt 
generation on the detection of the ST ART and STOP 
conditions. The STOP (P)and START (S) bits are cleared 
from a reset or when the SSP module is disabled. 
Control of the 12C bus may be taken when the P-bit is set, 
or the bus is idle and both the S- and P-bits are cleared. 

In master mode the SCL and SDA lines are manipulated 
by changing the corresponding TRISC<4:3> bit(s) to an 
output (cleared). The output level is always low, irre
spective of the value(s) in PORTC<4:3>. So when 
transmitting data, a •1 •data bit must have the TRISC<4> 
bit set (input) and a "O" data bit must have the TRISC<4> 
bit cleared (output). The same scenario is true for the 
SCL line with the TRISC<3> bit. 

The following events will cause the SSP Interrupt Flag 
(SSPIF) to be set (SSP Interrupt if enabled): 

• START condition 
• STOP condition 
• Data transfer byte transmitted/received 

Master mode of operation can be done with either the 
slave mode idle (SSPM3 - SSPMO = 1011) or with the 
slave active. When both master and slave modes are 
enabled, the software needs to differentiate the source(s) 
of the interrupt. 

11.3.3 Multi-master Mode 

In multi-master mode, the interrupt generation on the 
detection of the START and STOP conditions allows the 
determination of when the bus is free. The STOP (P)and 
START (S) bits are cleared from a reset or when the SSP 
module is disabled. Control of the l2C bus may be taken 
when the P bit is set, or the bus is idle and both the Sand 
P bits are cleared. When the bus is busy, enabling the 
SSP Interrupt will generate the interrupt when the stop 
condition occurs. 

In multi-master operation, the SDA line must be moni
tored to see if the signal level is the expected output 
level. This check only needs to be done when a high 
level is output. If a high level is expected and a low level 
is present, the device needs to release the SDA and SCL 
lines (setTRISC<4:3> ). There are two stages where this 
arbitration can be lost, these are: 

• Address Transfer 
• Data Transfer 

When the slave logic is enabled, the slave continues to 
receive. If arbitration was lost during the address trans
fer stage, the device may be being addressed. If ad
dressed an ACK pulse will be generated. If arbitration 
was lost during the data transfer stage, the device will 
need to re-transfer the data at a later time. 

TABLE 11-4: REGISTERS ASSOCIATED WITH 12C OPERATION 

Address Name 

OB/BB INTCON 

oc PIR1 

8C PIE1 

13 SSPBUF Synchronous Serial Port Receive Buffer!Transmit Register 

93 SSPADD Synchronous Serial Port (l"C mode) Address Register 

14 SSPCON WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPMO 

94 SSPSTAT DIA p s UA BF 

Legend - = Unimplemented locations, Read as 'O' 
Note: Shaded boxes are not used by the SSP module in 12C mode. 
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FIGURE 11-20: OPERATION OF THE 12C. MODULE IN IDLE_MODE, RCV _MODE OR XMIT _MODE 

IDLE_MODE (7-bit): 
if (Addr_match) { Set interrupt; 

if (RIW = 1) {Send ACK = O; 
set XMIT _MODE; 

} 
else if (RIW = 0) set RCV _MODE; 

RCV_MODE: 
if ((SSPBUF=Full) OR (SSPOV = 1)) 

{SetSSPOV; 
Do not acknowledge; 
} 

else { transfer SSPSR -+ SSPBUF; 
sendACK =0; 
} 

Receive 8-bits in SSPSR; 
Set interrupt; 

XMIT_MODE: 
While ((SSPBUF = Empty) AND (CKP=O)) Hold SCL Low; 
Send byte; 
Set interrupt; 
if (ACK Received = 1) {End of transmission; 

Go back to IDLE_MODE; 

} 
else if (ACK Received = 0) Go back to XMIT _MODE; 

IDLE_MODE (10-Bit): 
If (High_byte_addr_match AND (RIW = 0)) 

{ PRIOR_ADDR_MATCH =FALSE; 
Set interrupt; 
if ((SSPBUF = Full) OR ((SSPOV = 1)) 

{ SetSSPOV; 
Do not acknowledge; 

} 
else { Set UA = 1; 

SendACK =0; 
While (SSPADD not updated) Hold SCL low; 

ClearUA= O; 
Receive Low_addr_byte; 
Set interrupt; 
SetUA=1; 
If (Low_byte_addr_match) 

{ PRIOR_ADDR_MATCH =TRUE; 
SendACK =0; 
while (SSPADD not updated) Hold SCL low; 
ClearUA=O; 
Set RCV _MODE; 

} 

else if (High_byte_addr_match AND (RIW = 1) 
{ if (PRIOR_ADDR_MATCH) 

{ send ACK = O; 
set XMIT_MODE; 

} 
else PRIOR_ADDR_MATCH =FALSE; 

} 
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12.0 SPECIAL FEATURES OF THE 
CPU 

What sets apart a microcontrollerfrom other processors 
are special circuits to deal with the needs of real time 
applications. The PIC16CXX family has a host of such 
features intended to maximize system reliability, mini
mize cost through elimination of external components, 
provide power saving operating modes and offer code 
protection. These are: 

1. OSC selection 
2. Reset 

Power-On Reset (POR) 
Power-Up Timer (PWRT) 
Oscillator Start-Up Timer (OST) 

3. Interrupts 
4. Watchdog Timer (WOT) 
5. SLEEP 
6. Code protection 
7. In-circuit serial programming 

FIGURE 12-1: CONFIGURATION WORD 

The PIC16CXX has a Watchdog Timer which can be 
shut off only through EPROM fuses. It runs off its own 
RC oscillator for added reliability. There are two timers 
that offer necessary delays on power-up. One is the 
oscillator start-up timer (OST), intended to keep the chip 
in reset until the crystal oscillator is stable. The other is 
the Power-up Timer (PWRT), which provides a fixed 
delay of 72ms (nominal) on power-up only, designed to 
keep the part in reset while the power supply stabilizes. 
With these two timers on-chip, most applications need 
no external reset circuitry. 

The SLEEP mode is designed to offer a very low current 
power-down mode. The user can wake-up from SLEEP 
through external reset, Watchdog Timer timeout or 
through an interrupt. Several oscillator options are also 
made available to allow the part to fitthe application. The 
RC oscillator option saves system cost while the LP 
crystal option saves power. A set of EPROM configura
tion bits (fuses) are used to select various options. 

12.1 Configuration Fuses 

The PIC16CXX has six configuration fuses which are 
EPROM bits. These fuses can be programmed (read as 
'O') or left unprogrammed (read as '1 ')to select various 
device configurations. These bits are mapped in pro
gram memory location 2007h. 

The user will note that address 2007h is beyond the user 
program memory space. In fact, it belongs to the special 
tesVconfiguration memory space (2000h -3FFFh), which 
can be accessed during programming. 

[ - l REaj CP~CPo] PWRTE] WOTE] FOSC1 FOSCO- Register: FUSES R/W: Readable & 
Address: 2007h writable 

13 
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FO SC<1 :O>: OSC selection fuses. 

11: RC oscillator 
10: HS oscillator 
01: XToscillator 
00: LP oscillator 

WO TE: WOT enable fuses. 

WOT enabled 1= 
0= 

PW 

1= 
0= 

WOT disabled 

RTE: Power-up timer enable fuses. 

power-up time enabled 
power-up timer disabled 

CP< 1 :0>: Code protection fuses. 

Code protection off 11: 
10: 
prot 
01: 
prot 
00: 

Upper half of programmemory code 
ected 
Upper 3/4th of program memory code 

ected 
All memory is code protected 

RES ERVED: Read as 1 before programming 
and 0 after programming. 

Uni mplemented, read as 1. 
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12.2 Oscillator Configurations 

12.2.1 OSCILLATOR TYPES 

The PIC16CXX can be operated in four different oscilla
tor options. The user can program two configuration bits 
(FOSC1 and FOSCO) to select one of these four modes: 

• LP Low Power Crystal 
• XT Crystal 
• HS High Speed Crystal 
• RC Resistor/Capacitor 

12.2.2 CRYSTAL OSCILLATOR I CERAMIC 
RESONATORS 

In XT, LP or HS modes a crystal or ceramic resonator is 
connected to the OSC1 and OSC2 pins to establish 
oscillation (Figure 12-2). The PIC16CXX Oscillator 
design requires the use of a parallel cut crystal. Use of 
a series cut crystal may give a frequency out of the 
crystal manufacturers specifications. When in XT, LP or 
HS modes, the device can have an external clock source 
to drive the OSC1 pin. This is shown in Figure 12-3. 

FIGURE 12-2: CRYSTAL OPERATION 
(OR CERAMIC RESONATOR) 
(HS, XT OR LP OSC 
CONFIGURATION) 

I I 
I I 

:_ :RF 

PIC16CXX 

0-
Tolntemal 
log< 

SLEEP 

See Tables 12-1 and 12-2 for recommended values of C1 
and C2. 

Note1: A series resistor may be required for AT strip cut 
crystals. 

FIGURE 12-3: EXTERNAL CLOCK INPUT 
OPERATION (HS, XT, or LP 
OSC CONFIGURATION) 

Clock from 
ext. system 

Open 

OSC1 
PIC16CXX 

OSC2 

PIC16C64 

TABLE 12-1: CAPACITOR SELECTION 
FOR CERAMIC RESONATORS 

Oscillator Resonator Capacitor Range 
Type Frequency C1 =C2 

XT 455 KHz 150 - 330 pF 
2.0 MHz 20-330 pF 

4.0 MHz 20-330.QF 
HS 8.0 MHz 20-200 pF 

Higher capacitance increases the stability of oscillator but 
also increases the start-up time. These values are for 
design guidance only. Since each resonator has its own 
characteristics, the user should consult the resonator ma nu-
facturer for appropriate values of external components. 

TABLE 12-2: CAPACITOR SELECTION 
FOR CRYSTAL OSCILLATOR 

Osc Freq C1 C2 
Type 

LP 32 KHz§ 15 pF 15 pF 
100KHz 15 pF 15 pF 
200 KHz 0-15.QF 0 -15.£.F 

XT 100 KHz 15-30pF 200-300 pF 
200KHz 15-30pF 100 - 200 pF 
455 KHz 15-30pF 15-100pf 
1 MHz 15-30pF 15-30pF 
2MHz 15 pF 15 pf 
4MHz 15j)F 15j)F 

HS 4MHz 15 pF 15 pf 
8MHz 15 pF 15 pf 

20MHz 15 pF 15 pf 

Higher capacitance increases the stability of oscillator but 
also increases the start-up time. These values are for 
design guidance only. Rs may be required in HS mode as 
well as XT mode to avoid overdriving crystals with low drive 
level specification. Since each crystal has its own charac-
teristics, the user should consult the crystal manufacturer 
for appropriate values of external components. 

§For Voo > 4.5V, C1 = C2::. 30pf is recommended. 
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12.2.3 EXTERNAL CRYSTAL OSCILLATOR 
CIRCUIT 

Either a prepackaged oscillator can be used or a simple 
oscillator circuit with TTL gates can be built. Prepack
aged oscillators provide a wide. operating range and 
better stability. A well-designed crystal oscillator will 
provide good performance with TTL gates. Two types of 
crystal oscillator circuits can be used; one with series 
resonance, or one with parallel resonance. 

Figure 12-4 shows implementation of a parallel resonant 
oscillator circuit. The circuit is designed to use the 
fundamental frequency of the crystal. The 74AS04 
inverter performs the 180-degree phase shift that a 
parallel oscillator requires. The 4.7 kn resistor provides 
the negative feedback for stability. The 10 kn potenti
ometer biases the 74AS04 in the linear region. This 
could be used for external oscillator designs. 

FIGURE 12-4: EXTERNAL PARALLEL 
RESONANT CRYSTAL 
OSCILLATOR CIRCUIT 

+SV 

20~F l JopF 

To Other 
Devices 

PIC16CXX 

CLKIN 

Figure 12-5 shows a series resonant oscillator circuit. 
This circuit is also designed to use the fundamental 
frequency of the crystal. The inverter performs a 180-
degree phase shift in a series resonant oscillator circuit. 
The 330-0 resistors provide the negative feedback to 
bias the inverters in their linear region. 

FIGURE 12·5 : EXTERNAL SERIES 
RESONANT CRYSTAL 
OSCILLATOR CIRCUIT 

E~·I--------'' ... 
XTAL 

To Other 
Devices 

PIC16CXX 

CLKIN 

12.2.4 RC OSCILLATOR 

For timing insensitive applications the 'RC' device op
tion offers additional cost savings. The RC oscillator 
frequency is a function of the supply voltage, the resistor 
(Rext) and capacitor (Cext) values, and the operation 
temperature. In addition to this, the oscillator frequency 
will vary from unit to unit due to normal process param
eter variation. Furthermore, the difference in lead frame 
capacitance between package types will also affect the 
oscillation frequency, especially for low Cext values. 
The user also needs to take into account variation due 
to tolerance of external R and C components used. 
Figure 12-e shows how the RIC combination is con
nected to the PIC16CXX. For Rext values below 2.2 
kOhm, the oscillator operation may become unstable, or 
stop completely. For very high Rext values (e.g. 1 
MOhm), the oscillator becomes sensitive to noise, hu
midity and leakage. Thus, we recommend to keep Rext 
between 3 kOhm and 100 kOhm. 

Although the oscillator will operate with no external 
capacitor (Cext = O pF), we recommefld using values 
above 20 pF for noise and stability reasons. With no or 
small external capacitance, the oscillation frequency 
can vary dramatically due to changes in external capaci
tances, such as PCB trace capacitance or package lead 
frame capacitance. 

See Section 17.0 for RC frequency variation from part to 
part due to normal process variation. The variation is 
larger for larger R (since leakage current variation will 
affect RC frequency more for large R) and for smaller C 
(since variation of input capacitance will affect RC fre
quency more). 

See Section 17.0forvariation of oscillator frequency due 
to Voo for given Rext/Cext values as well as frequency 
variation due to operating temperature for given R, C, 
and Voo values. 

The oscillator frequency, divided by 4, is available on the 
OSC2/CLKOUT pin, and can be used for test purposes 
or to synchronize other logic (see Figure 3-2 for wave
form). 

FIGURE 12-6: RC OSCILLATOR MODE 

Voo 

Rex! 

eex1I 
Vss -= 

Internal 
..;>-...-- clock 

PIC16CXX 

-----t OSC2/CLKOUT 
Fosc/4 '----------~ 
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12.3 .Bufil 

The PIC16CXX differentiates between various kinds of 
reset: 

a) Power-On Reset (POR) 

b) MCLR Reset during normal operation 

cd) MCLR reset during SLEEP 
) WOT time-out reset during normal operation 

e) WOT time-out reset during SLEEP 

Some registers are not affected in any reset condition; 
their status is unknown on POR and unchanged in any 
other reset. Most other registers are reset to a "reset 
state" on power-on reset (POR), on MCLR or WOT reset 
during normal operation and on MCLR reset during 
SLEEP. They are not affected by a WOT reset during 
SLEEP, since this reset is viewed as the resumption of 
normal operation. TO and PD bits are set or cleared 
differently in different reset situations as indicated in 
Table 12-4. These bits are used in software to determine 
the nature of reset. See Table 12-6 for a full description 
of reset states of all registers. 

A simplified block diagram of the on-chip reset circuit is 
shown in Figure 12-7. 

PIC16C64 

12.4 Power-On Reset (POR). Power-Up-Timer 
(PWRD and Oscillator Start-up Timer 
.(QSI) 

12.4.1 Power-On Reset (POR) 

A Power-On Reset pulse is generated on-chip when Voo 
rise is detected (in the range of 1.6V - 1.BV). To take 
advantage of the POR, just tie MCLR pin directly (or 
through a resistor) to Voo. This will eliminate external 
RC components usually needed to create Power-On 
Reset. A minimum rise time for Voo is required. See 
Electrical Specifications for details. 

The POR circuit does not produce internal reset when 
Voo declines. 

12.4.2 POWER-UP TIMER (PWRT) 

The Power-Up Timer provides a fixed 72ms time-out on 
power-up only from POR. The power-up timer operates 
on an internal RC oscillator. The chip is kept in reset as 
long as PWRT is active. The PWRT delay allows the 
Voo to rise to an acceptable level. A configuration fuse, 
PWRTE can enable (if set) or disable (if cleared or 
programmed) the power-up timer. 

The Power-Up Time delay will vary from chip to chip and 
due to Voo and temperature. See the DC Parameters 
section for details. 

FIGURE 12-7: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT 

On-chip t 
RCOSC 

External 
Reset 

Power_On_Reset 

10 b~ Ripple counter 

PWRT 

10 bit Ripple counter 

t This is a separate oscilator from the 
RC oscillator of the CLKIN pin. 

© 1994 Microchip Technology Inc. 

POWER_UP AND PWRTE 
(Enable the PWRT timer 

Chip_Reset 
Q>------

only if~ is power_up and power_on timer fuse is enabled.) 

(POWER_UP +WAKE_UP) (XT +LP+ HS) 
(Enable the OST if it is power_up or wake_up 
from SLEEP and OSC type is XT, HS, or LP) 
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12.4.3 OSCILLATOR START-UP TIMER (OST) 

The Oscillator Start-Up Timer (OST) provides 1024 
oscillator cycle (from OSC1 input) delay after the PWRT 
delay is over. This guarantees that the crystal oscillator 
or resonator has started and stabilized. 

The OST time-out is invoked only for XT, LP and HS 
modes and only on Power-On Reset or wake-up from 
SLEEP. 

12.4.4 TIME-OUT SEQUENCE 

On power-up the time-out sequence is as follows: First 
PWRT time-out is invoked after POR has expired. Then 
OST is activated. The total time-out will vary based on 
oscillator configuration and PWRTE fuse status. For 
example, in RC mode with PWRTE fuse cleared (PWRT 
disabled), there will be no time-out at all. Figures 12-8 
to 12-10 depict time-out sequences. 

TABLE 12-3: TIME-OUT IN VARIOUS 
SITUATIONS 

Oscillator Power up Wake up from 
Configuration PWRTE=1 PWRTE=D SLEEP 

XT, HS, LP 72ms+ 1024 tosc 1024 tosc 
1024 tosc 

RC 72ms - -

Since the time-outs occur from POR pulse, if MCLR is 
kept low long enough, the time-outs will expire. Then 
bringing MCLR high will begin execution immediately 
(see Figure 12-9). This is useful for testing purposes or 
to synchronize more than one PIC16CXX device oper
ating in parallel. 

Table 12-5 shows the reset conditions for some special 
registers, while Table 12-6 shows the reset conditions 
for all the registers. 

12.4.1 POWER CONTROUSTATUS REGISTER 
(PCON) 

The power control/status register, PCON (address 8Eh) 
has only one bit. 

Bit1 is POR (Power-on-reset). It is cleared on power-on
reset and unaffected otherwise. The user must set this 
bit following power-on-reset. On a subsequent reset if 
POR is 'cleared, it will indicate that a Power-On Reset 
must have occured (Voo may have gone too low). 

TABLE 12-4: STATUS BITS AND THEIR 
SIGNIFICANCE 

-
POR TO PD 

0 1 1 Power-on-reset 
-

0 0 x Illegal, TO is set on POR 
-

0 x 0 Illegal, PD is set on POR 

1 0 1 WOT reset during normal operation 

1 0 0 WOT timeout wakeup from SLEEP 
--

1 1 1 MCLR reset during normal operation 

1 1 0 MCLR reset durin~ SLEEP or 
interrupt wake-up rom SLEEP 

TABLE 12-5: RESET CONDITION FOR SPECIAL REGISTERS 

Power-On Reset 

--
MCLR reset during normal operation 

--
MCLR reset during SLEEP 

WOT reset during normal operation 

WOT during SLEEP 

Interrupt wake-up from SLEEP 

Legend: u = unchanged 
x = unknown 
- = unimplemented bit, reads as 'O' 

PCL 
Addr: 02h 

OOOh 

OOOh 

OOOh 

OOOh 

PC+ 1 

PC+1(1) 

STATUS PCON 
Addr: 03h Addr: BEh 

0001 lxxx ---- --0-

0001 luuu ---- --u-

0001 Ouuu ---- --u-

0000 luuu ---- --u-

uuuO Ouuu ---- --u-

uuul Ouuu ---- --u-

Notes: 1. When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector (0004h). 
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TABLE 12-6: RESET CONDITION FOR REGISTERS 

Register Address • Power-on Reset • MCl.R Reset during: • Wake up from SLEEP 
- normal operation through interrupt 
-SLEEP • Wake up from SLEEP 

• WOT timeout during normal through WDT timeout 
operation 

w - xxxx xxxx uuuu uuuu uuuu uuuu 

INDF OOh - - -
TMRO 01h xxxx xxxx uuuu uuuu uuuu uuuu 

PC 02h OOOOh OOOOh PC + 1 (2) 

STATUS 03h 0001 lxxx 000? ?uuu (3) uuu? ?uuu (3) 

FSA 04h xxxx xxxx uuuu uuuu uuuu uuuu 

PORTA 05h --xx xxxx --uu uuuu --uu uuuu 

PORTS 06h xxxx xxxx uuuu uuuu uuuu uuuu 

PORTC 07h xxxx xxxx uuuu uuuu uuuu uuuu 

PORTO 08h xxxx xxxx uuuu uuuu uuuu uuuu 

PORTE 09h ---- -xxx ---- -uuu ---- -uuu 
PCLATH OAh ---0 0000 ---0 0000 ---u uuuu 

INTCON OBh 0000 OOOx 0000 0000 uuuu uuuu(l) 

PIR1 OCh 0--- 0000 0--- 0000 u--- uuuu(l) 

TMR1L OEh xxxx xxxx uuuu uuuu uuuu uuuu 

TMR1H OFh xxxx xxxx uuuu uuuu uuuu uuuu 

T1CON 10h --00 0000 --uu uuuu --uu uuuu 

TMR2 11h xxxx xxxx uuuu uuuu uuuu uuuu 

T2CON 12h -000 0000 -000 0000 -uuu uuuu 

SSPBUF 13h xxxx xxxx uuuu uuuu uuuu uuuu 

SS PC ON 14h 0000 0000 0000 0000 uuuu uuuu 

CCPR1L 15h xxxx xxxx uuuu uuuu uuuu uuuu 

CCPR1H 16h xxxx xxxx uuuu uuuu uuuu uuuu 

CCP1CON 17h --00 0000 --00 0000 --uu uuuu 
INDF 80h - - -
OPTION 81h 1111 1111 1111 1111 uuuu uuuu 

PC 82h OOOOh OOOOh PC + 1 

STATUS 83h 0001 lxxx 000? ?uuu (3) uuu? ?uuu (3) 

FSA 84h xxxx xxxx uuuu uuuu uuuu uuuu 
TRISA 85h --11 1111 --11 1111 --uu uuuu 

TRISB 86h 1111 1111 1111 1111 uuuu uuuu 

TRISC 87h 1111 1111 1111 1111 uuuu uuuu 
TRISD 88h 1111 1111 1111 1111 uuuu uuuu 

TRISE 89h 0000 -111 0000 -111 uuuu -uuu 
PCLATH 8Ah ---0 0000 ---0 0000 ---u uuuu 

INTCON 8Bh 0000 OOOx 0000 0000 uuuu uuuu(l) 

PIE1 8Ch 0--- 0000 0--- 0000 u--- uuuu 
PCON 8Eh ---- --0- ---- --1- ---- --1-

PR2 92h xxxx xxxx uuuu uuuu uuuu uuuu 

SSPADD 93h 0000 0000 0000 0000 uuuu uuuu 

SSPSTAT 94h --00 0000 --00 0000 --uu uuuu 

Legend: u = unchanged, x = unknown, - = unimplemented bit, reads as 'O', ? = value depends on condition 

Notes: 1. One or more bits in INTCON, PIR1 and/or PIR2 will be affected (to cause wake-up). 
2. When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt 

vector (0004h). 
3. See Table 12-5 for reset value for specific condition. 
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FIGURE 12-8: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO Voo): Case 1 

Voo 

MCLR 

INTERNAL POR 

PWRT TIME-OUT 
r-IOST-i-! ------

OST TIME-OUT 

INTERNAL RESET 

FIGURE 12-9: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO Voo): Case 2 

Voo ____ _, 

MCLR ------+-----------------~ 

INTERNAL POR 

PWRT TIME-OUT 
------~~~~~~~~~-tPWRT-----------------_+_,lt----,----;---

i+- IOST-+i ! ;-' ----+---

OST TIME-OUT 

INTERNAL RESET 

FIGURE 12-10: TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO Voo) 

Voo 

MCLR ----~ 

INTERNAL POR 

PWRT TIME-OUT 

~ IPWRT ___.I--, -.-------

!4-IOST +!;--------------

OSTTIME-OUT ----------------' 

INTERNAL RESET----------------' 
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FIGURE 12·11: EXTERNAL POWER-ON RESET 
CIRCUIT (FOR SLOW Yoo 
POWER-UP) 

Voo 

0 R 

R1 

-= 
Notes: 
1. External power-on reset circuit is required only if 

VDD power-up slope is too slow. The diode D helps 
discharge the capacitor quickly when VDD powers 
down. 

2. R < 40Kn is recommended to make sure that 
voltage drop across R does not exceed 0.2V (max 
leakage current spec on MCLR pin is5µA). A larger 
voltage drop will degrade V1H level on MCLR pin. 

3. R1 = 1 000 to 1 Kn will limlt any current flowing into 
MCLR from external capacitor C in the event of 
MCLR pin breakdown due to ESD or EOS. 

PIC16C64 

FIGURE 12·12: BROWN-OUT PROTECTION 
CIRCUIT1 

-= 
Notes: 
1. This circuit will activate reset when VDD goes 

below (Vz + 0.7V) where Vz =Zener voltage. 

FIGURE 12·13: BROWN-OUT PROTECTION 
CIRCUIT2 

-= 
Notes: 
1. This brown circuit is less expensive, albeit less 

accurate. Transistor 01 turns off when VDD is 
below a certain level such that: 

Voo • __BL_ = O 7V 
R1 +R2 .. 
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12.5 Interrupts 

The PIC16C64 has eight sources of interrupt: 

• External interrupt ABO/INT 
• RTCC timer/counter overflow interrupt 
• PortB change interrupts (pins RB<7:4>) 
• Timer1 overflow interrupt 
• Timer2 interrupt 
• CCP1 interrupt 
• Sync serial port interrupt 
• Microprocessor port read/write interrupt 

The interrupt control register (INTCON, addrOBh) records 
individual interrupt requests in flag bits. It also has 
individual and global interrupt enable bits. 

A global interrupt enable bit, GIE (INTCON<7>) enables 
(if set) all un-masked interrupts or disables (if cleared) all 
interrupts. Individual interrupts can be disabled through 
their corresponding enable bits in INTCON register. GIE 
is cleared on reset. 

The RETFIE instruction allows user to return from 
interrupt and enable interrupt at the same time. 

The INT pin interrupt, the RB port change interrupt and 
the RTCC overflow interrupt flags are contained in the 
INTCON register. 

The peripheral interrupt flags are contained in the spe
cial register PIR1 (OCh). The corresponding interrupt 
enable bits are contained in special registers PIE1 
(8Ch). 

When an interrupt is responded to, the GIE is cleared to 
disable any further interrupt, the return address is pushed 
into the stack and the PC is loaded with 0004h. Once in 
the interrupt service routine the source(s) ofthe interrupt 
can be determined by polling the interrupt flag bits. The 
interruptflag bit(s) must be cleared in software before re
enabling interrupts to avoid recursive interrupts. 

FIGURE 12-14: INTERRUPT LOGIC 

TMR11F 

TMR11E 

TMR21F 

TMR21E 

CCP11F 

CCP11E 

SPIF 

SPIE 

PSPIF 

PSPIE 

RTIF 

RTIE 
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12.5.1 INT INTERRUPT 12.6 Context Saving During Interrupts 

External interrupt on RBO/INT pin is edge triggered: 
either rising if INTEDG bit (OPTION<6>) is set, or falling, 
if INTEDG bit is clear. When a valid edge appears on I NT 
pin, the INTF bit (INTCON<1 >)is set. This interrupt can 
be disabled by clearing the INTE control bit (INTCON<4> ). 
INTF bit must be cleared in software in the interrupt 
service routine before re-enabling this interrupt. The 
INT interrupt can wake up the processor from SLEEP, if 
the INTE bit was set prior to going into SLEEP. The 
status of the GIE bit decides whether or not the proces
sor branches to the interrupt vector following wake-up. 
See Section 12.8 for details on SLEEP and Figure 12-16 
for timing of wake-up from SLEEP through INT interrupt. 

During an interrupt, only the return PC value is saved on 
the stack. Typically, users may wish to save key registers 
during an interrupt e.g. W register and status register. 
This will have to be implemented in software. 

EXAMPLE 12-1: SAVING W REGISTER AND 
STATUS IN RAM: 

12.5.2 TMRO INTERRUPT 

An overflow (FFh ~ OOh) in the TMRO will set the TOIF 
(INTCON<2>) bit. The interrupt can be enabled/dis
abled by setting/clearing TOIE (INTCON<5>) bit. For 
operation of the TMRO module, see Section 7.0. 

12.5.3 PORT RB INTERRUPT 

An input change on PORTB <7:4> will set the RBIF 
(INTCON<O>) bit. The interrupt can be enabled/dis
abled by setting/clearing the RBIE (INTCON<4>) bit. 
For operation of PORTB, see Section 5.2. 

FIGURE 12-15: INT PIN INTERRUPT TIMING 

OSC1 

INT pin 

INTFflag 

push: rnovwf 
swap£ 
movwf 

pop: swap£ 

movwf 
swap£ 
swap£ 

(INTCON <1>) >--~-+---< Interrupt Latency (Note 2) 

GIE bit f---------+---------+----, 
(INTCON <7>) 

INSTRUCTION FLOW 

Instruction { 
fetched 

Instruction { 
executed 

lnst(PC) 

lnst(PC· 1) 

Notes: 

Inst (PC+ 1) 

Inst (PC) 

1. INTFflag is sampled here (every 01) 

Dummy cycle 

2. Interrupt latency= 3-4 Tcy where Tcy =instruction cycle time. 

tenp_w 
STA'IUS,W 
tenp_stat 

temp_stat,W 

STA'IUS 
temp_w, F 
temp_w, w 

Inst (0004h) 

Dummy cycle 

Latency is the same whether Inst (PC) is a single cycle or a 2-cycle instruction. 
3. CLKOUT is available only in RC oscillator mode. 
4. For minimum width spec of INT pulse, refer to AC specs. 
5. INTF is enabled to be set anytime during the 04-01 cycles. 
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12.7 Watchdog Timer (WOT) 

The watchdog timer is realized as a free running on-chip 
RC oscillator which does not require any external com
ponents. This RC oscillator is separate from the RC 
oscillator of the CLKIN pin. That meansthatthe WOT will 
run, even if the clock on the OSC1 and OSC2 pins of the 
device has been stopped, for example, by execution of 
a SLEEP instruction. During normal operation, a WOT 
timeout generates a device RESET. If the device is in 
SLEEP mode, a WOT timeout causes the device to 
wake-up and continue with normal operation. The WOT 
can be permanently disabled by programming the con
figuration fuse WDTE as a 'O' (Section 12.1 ). 

12.7.1 WOT PERIOD 

The WOT has a nominal time-out period of 18 ms, (with 
no prescaler). The time-out periods vary with tempera
ture, Voo and process variations from part to part (see 
DC specs). If longer time-out periods are desired, a 
prescaler with a division ratio of up to 1:128 can be 
assigned to the WOT under software control by writing 
to the OPTION register. Thus, time-out periods up to 2.3 
seconds can be realized. 

The CLRWDT and SLEEP instructions clear the WOT and 
the prescaler, if assigned to the WOT, and prevent it from 
timing out and generating a device RESET condition. 

The TO bit in the STATUS register will be cleared upon 
a watchdog timer time-out. 

12.7.2 WOT PROGRAMMING CONSIDERATIONS 

It should also be taken in account that under worst case 
conditions (Voo =Min., Temperature= Max., max. WOT 
prescaler) it may take several seconds before a WOT 
time-out occurs. 

FIGURE 12-16: WATCHDOG TIMER BLOCK DIAGRAM 

From TMRO Clock Source 
(see Figure 7-6) 

~ 
Watchdog f------e---'--I 

nm er 

WOT Enable 
EPROM Fuse 

M 
u 
x 

PSA 

8-Bit Counter 

8-to-1 MUX PSO-PS2 

ToTMRO 
(see Figure 7-6) 

MUX PSA 

Note: RTE, RTS, PSA, PSO-PS2 
are bits in the OPTION register 

WOT 
Time-out 

FIGURE 12-17: SUMMARY OF WATCHDOG TIMER REGISTERS 

Address Name 

2007 Config. Fuses 

81 OPTION 
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12.8 Power-Down Mode (SLEEP) 

The Power-Down mode is entered by executing a SLEEP 
instruction. 

If enabled, the.Watchdog Timer will be cleared but keeps 
runQing, the PD bit in the STATUS register is cleared, 
the TO bit is set, and the oscillator driver is turned off. 
The 1/0 ports maintain the status they had, before the 
SLEEP command was executed (driving high, low, or hi
impedance). 

For lowest curent consumption in this mode, all 1/0 pins 
should be either at Voo, or Vss, with no external circuitry 
drawing current from the 1/0 pin. 1/0 pins that are hi
impedence inputs should be pulled high or low externally 
to avoid switching currents caused by floating inputs. 
The RTCC input should also be at Voo or Vss for lowest 
current consumption. The contribution from on chip pull
ups on PortB should be considered. 

The MCLR pin must be at a logic high level (VIHMC). 

It should be noted that a.BESET generated by a WOT 
time-out does not drive MCLR pin low. 

14.8.1 WAKE-UP FROM SLEEP 

The device can wake up from SLEEP through one of the 
following events: 

1. External reset input on MCLR pin 
2. Watchdog timer time-out reset (if WOT was enabled) 
3. Interrupt from INT pin, RB port change, TMRO over-

flow, or some Peripheral Interrupts. 

The following peripheral interrupts can wake-up from 
SLEEP: 

1. TMR1 interrupt. Timer1 must be operating as an 
asynchronous counter. 

2. SSP Start/Stop bit detect interrupt. 

PIC16C64 

3. CCP capture mode interrupt. 
4. Slave port read or write. 

Other peripherals can not generate interrupts since 
during SLEEP, no on-chip Q clocks are present. 

The first event will cause a device reset. The two latter 
events are..considered a continuation of program execu
tion. The TO and PD bits in the STATUS regis.ter_can 
be used to determine the cause of device reset. PD bit, 
which is .set on power-up is cleared when SLEEP is 
invoked. TO bit is cleared if WOT time-out occurred (and 
caused wake-up). 

When the SLEEP instruction is being executed, the next 
instruction (PC + 1) is pre-fetched. For the device to 
wake-up through an interrupt event, the corresponding 
interrupt enable bit must be set (enabled). Wake-up is 
regardless of the state of the GI E bit. If the GI E bit is clear 
(disabled), the device continues execution atthe instruc
tion after the SLEEP instruction. If the GIE bit is set 
(enabled), the device executes the instruction after the 
SLEEP instruction and the branches to the interrupt 
address (0004h). In cases where the execution of the 
instruction following SLEEP is not desirable, the user 
should have a NOP after the SLEEP instruction. 

The WOT is cleared when the device wakes-up from 
sleep, regardless of the source of wake-up. 

FIGURE 12-18: WAKE-UP FROM SLEEP THROUGH INTERRUPT 

!ml~lool~ ml~lool~ ml~lool~ ml~lool~ 

OSC1 V---->"-'1lllllll\ 

INTpn>------+------+-----+"~-~-----+------+------+-------l 
INTFftag 

{INTCON <1>) f-------1------+---__, 

GIEblt f-------1------+----,__ _ _,__ ____ -+--~ 
(INTCON <7>) Processor in : '----+------'---------l 

INSTRUCTION FLOW 

SLEEP l, 

PCl'---~P=C---l'---'PC~+~1----f~-~PC~+=2--f'------l"--PC~+=3---{'--~000~@~-l"-----'000"""'5h~--1 

Instruction{ 
fetched Inst (PC) =SLEEP lnst{PC+ 1) lnst(PC+2) 

lnstruetion{ 
executed 

SLEEP lnst(PC+ 1) 

Notes: 
1. XT, HS or LP oscillator mode assumed 
2. tost = 1024 tosc (drawing not to scale). This delay will not be there tor RC osc mode. 
3. GIE = 1 assumed. In this case after wake up processor jumps to interrupt routine. 

If GIE = 0, execution wiM continue In line. 
4. CLKOUT is not avaHable in these osc modes. but shown here for liming reference. 
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12.9 Cocte Protection 

The code in the program memory can be protected by 
blowing the code protect fuses (CP<1 :O>). 

When code protected, the contents of the program 
memory cannot be read out in a way that the program 
code can be reconstructed. 

In code-protected mode, the configuration word (2007h) 
will not be scrambled, allowing reading of all fuses. 

12.9.1 CODE PROTECTION FUSES: 

The PIC16/17 microcontrollercode protection scheme 
has been enhanced. These enhancements allow the 
user to selectively code protect portions of the program 
memory. The two code protect fuses (CP<1:0>) allow 
the selection of the following code protection mappings: 

11 Program memory not code protected 
01 Upper 314 of program memory code protected 

(200h- 7FF) 
1 O Upper 1/2 of program memory code protected 

(400h - 7FF) 
00 Entire program memory code protected 

Any word of a protected memory section will read out a 
scrambled version as shown in Figure 12-17: 

FIGURE 12-19: PROTECTED MEMORY 
READ FORMAT 

13 7 6 0 

loo o o o o o I b6 b5 b4 ba b2 b1 bO I 
where bO XNOR of bi!O and bil7 of the 

program memory location. 
b1 XNOR of bit1 and bit8 of the 

programmemory location. 

b6 XNOR of bit6 and bit13 of the 
program. 

The configuration word is not code protected, and there
fore no scrambling is done. Unprotected segments read 
normally. Once the program memory location(s) have 
been code protected, those memory locations can not 
be further programmed. 

12.9.2 VERIFYING A CODE-PROTECTED PART 

When code protected, verifying any program memory 
location will read a scrambled output which looks like 
·oooooooxxxxxxx' (binary) where Xis 1 or o. To verify 
a device after code protection, follow this procedure: 

1. First, program and verify a good device without code 
protecting it. 

2. Next, blow its code protection fuse and then load its 
contents in a file. 

3. Verify any code-protected PIC1SC64 against this 
file. 

12.10 In-Circuit Serial Programming 

The PIC1SCXX microcontrollers can be serially pro
grammed while in the end application circuit. This is 
simply done with two lines for clock and date and three 
other lines for power, ground and programming voltage. 
This allows customers to manufacture boards with un
programmed devices, and then program the 
microcontroller just before shipping the product. This 
allows the most recent firmware or a custom firmware to 
be programmed. 

The device is placed into a program/verify mode by 
bQlding the RBS and RB7 pins low while raising the 
Ma.A (Vpp) pin from Vil to Vihh. RBS becomes the 
programming clock and RB7 becomes the programming 
data. Both RBS and RB7 are schmidt trigger inputs in 
this mode. 

After reset, to place the device into programming/verify 
mode, the program counter (PC) is at location OOh. A 
S-bit command is then supplied to the device. Depend
ing on the command, 14-bits of program date are then 
supplied to or from the device, depending if the com
mand was a load ora read. For complete details of serial 
programming, please refer to the PIC1SCSX/7X Pro
gramming Specifications (Literature #DS30153). 

A typical in-system serial programming connection is 
shown in Figure 12-18. 

FIGURE 12-20: TYPICAL IN-SYSTEM 
SERIAL PROGRAMMING 
CONNECTION 

External 
Connector 
Signals 

+5V 

OV 
_i_ 
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_j 

Data l/O 
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.__ 
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1 
+ 
)... 
~~ 

ToNonnal 
Connections 

PIC16CXX 

Yoo 

Vss 

MCLRNPP 

RB6 

RB7 
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13.0 INSTRUCTION SET SUMMARY 

Each PIC16CXX instruction isa 14-bitword divided into 
an OPCODE which specifies the instruction type and 
one or more operands which further specify the opera
tion of the instruction. The PIC16CXX instruction set 
summary in Table 13-2 lists byte-oriented, bit-oriented, 
and literal and control operations. Table 13-1 shows the 
opcode field descriptions. 

For byte-oriented instructions, 'f' represents a file regis
ter designator and 'd' represents a destination designa
tor. The file register designator specifies which file 
register is to be utilized by the instruction. 

The destination designator specifies where the result of 
the operation is to be placed. If "d' is zero, the result is 
placed in the W register. If "d" is one, the result is placed 
in the file register specified in the instruction. 

For bit-oriented instructions, "b' represents a bit field 
designator which selects the number of the bit affected 
by the operation, while "I' represents the number of the 
file in which the bit is located. 

For literal and control operations, 'k' represents an 8- or 
11-bit constant or literal value. 

TABLE 13-1: OPCODE FIELD 
DESCRIPTIONS 

Field Description 

f Register file address (OxOO to Ox7F) 
w Working register (accumulator) 
b Bit address within an 8 bit file r~ister 
k Literal field, constant data or label 
x Don't care location(= O or 1) 

The assembler will generate code with x = 
0. It is the recommended form of use for 
COl'f!Q.atibi!!!Y_ with all software tools. 

d Destination select; d = 0: store result in W, 
d = 1: store result in file register f. 
Default is d = 1 

label Label name 
TOS Top of Stack 
PC Program Counter 

PC LATH Program Counter High Latch 
GIE Global Interrupt Enable Bit 
WDT Watchdog Timer Counter 
TO Time-out Bit 
PD Power-down Bit 

de st Destination either the W register or the 
specified register file location 

[ l Options 
( ) Contents 
-t Assigned to 

< > Register bit field 

e In the set of 
italics User defined term 

PIC16C64 

The instruction set is highly orthogonal and is grouped 
into three basic categories: 

• Byte oriented operations 
• Bit oriented operations 
• Literal and control operations 

All instructions are executed within one single instruc
tion cycle, unless a conditional test is true or the program 
counter is changed as a result of an instruction. In this 
case, the execution takes two instruction cycles with the 
second cycle executed as a NOP. One instruction cycle 
consists of four oscillator periods. Thus, for an oscillator 
frequency of 4 MHz, the normal instruction execution 
time is 1 µsec. If a conditional test is true or the program 
counter is changed as a result of an instruction, the 
instruction execution time is 2 µsec. 

Table13-2 lists the instructions recognized by the MPASM 
assembler. 

Figure 13-1 shows the three general formats that the 
instructions can have. 

All examples use the following format to represent a 
hexidecimal number: 

Oxhh 
where h signifies a hexidecimal digit. 

FIGURE 13-1: GENERAL FORMAT FOR 
INSTRUCTIONS 

Byte-oriented file register operations 
13 8 7 6 0 

I OPCODE I d I !(FILE #) 
d = O for destination W 
d = 1 for destination f 
f = 7-bit file register address 

Bit-oriented file register operations 

13 10 9 7 6 0 

I OPCODE I b(BIT #) I !(FILE #) 

b = 3-bit bit address 
I = 7-bit file register address 

Literal and control operations 

13 8 7 0 

I OPCODE I k (LITERAL) 

k = 8-bit immediate value. 
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TABLE 13·2: INSTRUCTION SET 

Mnemonic, Description Cycles 14-Bit l!f!!:ode Status Notes 
Operands msb lsb Affected 

BYTE-ORIENTED FILE REGISTER OPERATIONS 

ADDWF I, d Add Wand f 1 00 0111 dfff ffff C,DC,Z 1, 2 
ANDWF I, d ANDWandf 1 00 0101 dfff ffff z 1, 2 
CLRF I Clearf 1 00 0001 lfff ffff z 2 
CLRW - ClearW 1 00 0001 Oxxx xxxx z 
COMF 

'· d 
Complement f 1 00 1001 dfff ffff z 1, 2 

DECF 
'· d 

Decrementf 1 00 0011 dfff ffff z 1, 2 
DECFSZ I, d Decrement f, Skip if O 1 (2) 00 1011 dfff ffff 1, 2, 3 
INCF I, d Increment f 1 00 1010 dfff ffff z 1, 2 
INCFSZ I, d Increment f, Skip if O 1 (2) 00 1111 dfff ffff 1, 2, 3 
IORWF I, d Inclusive OR Wand f 1 00 0100 dfff ffff z 1, 2 
MOVF I, d Movef 1 00 1000 dfff ffff z 1, 2 
MOVWF I Move Wto f 1 00 0000 lfff ffff 
NOP - No Operation 1 00 0000 OxxO 0000 
RLF I, d Rotate left f through carry 1 00 1101 dfff ffff c 1, 2 
RRF I, d Rotate right f through carry 1 00 1100 dfff ffff c 1, 2 
SUBWF I, d Subtract W from f 1 00 0010 dfff ffff C,DC,Z 1, 2 
SWAPF I, d Swap halves f 1 00 1110 dfff ffff 1, 2 
XORWF I, d Exclusive OR Wand f 1 00 0110 dfff ffff z 1, 2 

BIT-ORIENTED FILE REGISTER OPERATIONS 

BCF I, b Bit Clear f 1 01 OObb bfff ffff 1, 2 
BSF I, b Bit Set f 1 01 Olbb bfff ffff 1, 2 
BTFSC I, b Bit Test f, Skip if Clear 1 (2) 01 lObb bfff ffff 3 
BTFSS I, b Bit Test f, Skip if Set 1 (2) 01 llbb bfff ffff 3 

LITERAL AND CONTROL OPERATIONS 

ADDLW k Add literal to W 1 11 lllx kkkk kkkk C,DC,Z 
ANDLW k AND literal to W 1 11 1001 kkkk kkkk z 
CALL k Call subroutine 2 10 Okkk kkkk kkkk 

--
CLRWDT - Clear watchdog timer 1 00 0000 0110 0100 TO,PO 
GOTO k Go to address 2 10 lkkk kkkk kkkk 
IORLW k Inclusive OR literal to W 1 11 1000 kkkk kkkk z 
MOVLW k Move literal to W 1 11 OOxx kkkk kkkk 
RETFIE - Return from interrupt 2 00 0000 0000 1001 
RETLW k Return with literal in W 2 11 Olxx kkkk kkkk 
RETURN - Return from subroutine 2 00 0000 0000 1000 

--
SLEEP - Go into standby mode 1 00 0000 0110 0011 TO,PD 
SUBLW k Subtract W from literal 1 11 llOx kkkk kkkk C,DC,Z 
XORLW k Exel. OR literal to W 1 11 1010 kkkk kkkk z 

Notes: 1. When an 1/0 register is modified as a function of itself ( e.g. MOVF PORTB, 1) the value used will be that value present on 
the pins themselves. For example, if the data latch is "1" for a pin configured as input and is driven low by an external device, 
the data will be written back with a 'O'. 

2. If this instruction is executed on the TMRO register (and, where applicable, d=1 ), the prescaler will be cleared if assigned to 
theTMRO. 

3. If Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The second cycle is 
executed as a NOP. 
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13.1 Instruction Descriptions 

ADPLW 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

ADDWF 

Syntax: 

Add Literal to W 

[label] ADDLW k 

0SkS255 

(W)+k-+W 

C,DC,Z 

I 11 I lllX I kkkk I kkkk 

The contents of the W register are 
added to the 8-bit literal "k" and the 
result is placed in the W register. 

1 

ADDLW OxlS 

Before Instruction 
w = Ox10 

After Instruction 
W = Ox25 

APDWtof 

[label] ADDWF f,d 

Operands: Os f s 127 
d E (0,1] 

Operation: (W) + (f) -+ (dest) 

Status Affected: C, DC, Z 
Encoding: l.--0-0--..l-01_1_1 .... l-df_f_f_,l_f_f_f f--. 

Description: 

Words: 

Cycles: 

Example: 

Add the contents of the W register to 
register "f". If "d" is O the result is 
stored in the W register. If "d" is 1 the 
result is stored back in register "f". 

1 

ADDWF FSR, 0 

Before Instruction 
W = Ox17 
FSA = OxC2 

After Instruction 
W OxD9 
FSA = OxC2 

ANDLW 

Syntax: 

Operands: 

PIC16C64 

AND Literal and w 
[label] ANDLW k 

0SkS255 

Operation: (W) .AND. (k) -+ W 

Status Affected: Z 
Encoding: ,...I _1_1__,..l -1-00_1......,..l _kk_k_k......,..I kkk--k~ 

Description: 

Words: 

Cycles: 

Example: 

ANDWF 

Syntax: 

The contents ofW register areAND'ed 
with the 8-bit literal "k". The result is 
placed in the W register. 

1 

1 

ANDLW OxSF 

Before Instruction 
W = OxA3 

After Instruction 
w = Ox03 

ANpWwltbf 

[label] ANDWF f,d 

Operands: Os f s 127 
d E (0,1] 

Operation: (W) .AND. (f) -+ dest 

Status Affected: Z 
~~~~~~~~~~~ 

Encoding: I oo I 0101 I dfff I ffff I 
Description: AND the W register with register "f". If 

"d" is O the result is stored in the W 
register. If "d" is 1 the result is stored 
back in register "f". 

Words: 1 

Cycles: 

Example: ANDWF FSR, 1 

Before Instruction 
W = Ox17 
FSA= OxC2 

After Instruction 
W Ox17 
FSA= Ox02 
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BCF 

Syntax: 

Operands: 

Bit Clearf 

[label] BCF 

osfs 121 
0SbS7 

f,b 

Operation: O -+ f<b> 

Status Affected: None 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

BSF 

Syntax: 

Operands: 

I 01 I OObb I bf ff I ff ff 
Bit "b" in register "f" is reset to O. 

1 

BCF FLAG_REG, 7 

Before Instruction 
FLAG_REG = OxC7 

After Instruction 
FLAG_REG= Ox47 

Bit Setf 

[label] BSF f,b 

OSfS 127 
0SbS7 

Operation: 1 -+ f<b> 

Status Affected: None 
Encoding: ~I -o-1~l-01_b_b~,-bf_f_f~,-f-f-ff~ 

Description: 

Words: 

Cycles: 

Example: 

Bit "b" in register "f" is set to 1. 

1 

BSF FLAG_REG, 7 

Before Instruction 
FLAG_REG = OxOA 

After Instruction 
FLAG_REG = Ox8A 

BTFSC 

Syntax: 

Operands: 

Bit Test. skip if Clear 

[label] BTFSC f,b 

OSfS 127 
0SbS7 

Operation: skip if (f<b>) = o 

Status Affected: None 
Encoding: ~, -o-1~l-1o_b_b~l-b-f f-f~l~f-f-f f~ 

Description: 

Words: 

Cycles: 

Example: 

BTFSS 

Syntax: 

Operands: 

Operation: 

If bit 'b' in register 'I' is 'O' then the next 
instruction is skipped. 

If bit 'b' is 'O', the next instruction, 
fetched during the current instruction 
execution, is discarded and a NOP is 
executed instead making this a two
cycle instruction. 

1 

1(2) 

HERE BTFSC FLAG,l 
FALSE GOTO PROCESS_CODE 
TRUE 

Before Instruction 
PC = address HERE 

After Instruction 
if FLAG<1> = 0, PC= address TRUE 

H FLAG<1> = 1, PC= address FALSE 

Bit Te§t. skip If Set 

[ label] BTFSS f,b 

Osfs 127 
0SbS7 

skip if (f<b>) = 1 

Status Affected: None 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

I 01 I llbb I bf ff I ff ff 
If bit "b" in register "f" is "1" then the 
next instruction is skipped. 

If bit "b' is •o•, the next instruction, 
fetched during the current instruction 
execution, is discarded and a NOP is 
executed instead making this a two
cycle instruction. 

1 

1 (2) 

HERE BTFSC FLAG,1 

FALSE GOTO PROCESS_CODE 
TRUE 

Before Instruction 
PC = address HERE 

After Instruction 
H FLAG<1> = 0, PC= address FALSE 

H FLAG<1 > = 1,PC = address TRUE 
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CALL Subroutine Call 

Syntax: [ label 1 CALL k 

Operands: Osks2048 

Operation: (PC) + 1 --t TOS, 
k --t PC<10:0>, 
(PCLATH<4:3>)--t PC<12:11>; 

Status Affected: None 
Encoding: l.--1-0___,..l-ok_kk___,.l-kk_k_k..,l-k-kk-k--. 

Description: 

Words: 

Cycles: 

Example: 

CLRF 

Syntax: 

Operands: 

Operation: 

Subroutine call. First, return address 
(PC+ 1) is pushed onto the stack. The 
eleven bit immediate address is 
loaded into PC bits <10:0>. The up
per bits of the PC are loaded from 
PCLATH (103). CALL is a two-cycle 
instruction. 

2 

HERE CALL THERE 

Before Instruction 
PC = Address HERE 

After Instruction 
PC = Address THERE 
TOS = Address HERE 

Clearf 

[ label] CLRF 

osfs 121 

OOh--t f 
1--t z 

Status Affected: Z 
Encoding: ~I -o-o----.-00_0_1~l-1-f f-f-1-f_ff_f_I 

Description: 

Words: 

Cycles: 

Example: 

The contents of registerT are cleared 
and the Z bit is set. 

CLRF FLAG_REG 

Before Instruction 
FLAG_REG = Ox5A 

After Instruction 
FLAG_REG = OxOO 
Z=1 

CLRW 

Syntax: 

Operands: 

Operation: 

PIC16C64 

Clear W Register 

[ label] CLAW 

None 

OOh--t (W) 
1 --t z 

Status Affected: Z 
Encoding: l.--0-0-.,...l _o_o-01--.-l _o_xxx-~l -xxxx-~I 

Description: 

Words: 

Cycles: 

W registered is cleared. Zero bit (Z) 
is set. 

Example: CLRW 

CLRWDT 

Syntax: 

Operands: 

Operation: 

Before Instruction 
W = Ox5A 

After Instruction 
W OxOO 
z = 1 

Clear Watchdog Timer 

[ label] CLRWDT 

None 

OOh--tWDT, 
O --t WOT prescaler, 

1 --t TO 

1 --t PD 

Status Affected: ~TO--=-' _PD~--~--~-~ 
Encoding: I oo I 0000 I 0110 I 0100 I 
Description: 

Words: 

Cycles: 

Example: 

CLRWDTinstruction resetsthewatch
dog timer. It also resets the prescaler 

of the WOT. Status bits TO and PD 
are set. 

CLRWDT 
Before Instruction 

WOT counter = ? 
After Instruction 

WOT counter = OxOO 
WOT prescale = O 

TO =0 
PD =0 
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COMF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

DECF 

Syntax: 

Operands: 

Operation: 

ComD!ement f 

[ label] COMF f,d 

OSfS 127 
d E [0,1] 

(f) --+ ( dest) 

z 
I 00 I 1001 I dfff 1 ffff 1 

The contents of register"!" are comple
mented. If "d" is O the result is stored 
in W. If "d" is 1 the result is stored back 
in register "f". 

1 

COMF REGl, 0 

Before Instruction 
REG1 = Ox13 

After Instruction 
REG1 = Ox13 
W = OxEC 

Decrement f 

[label] DECF f,d 

0SfS127 
d E [0,1] 

(f)-1 -+ (dest) 

Status Affected: Z 
Encoding: ~I -0-o~l-0_0_1_1 ~1-d-f-ff~l -f_f_f f~I 

Description: 

Words: 

Cycles: 

Example: 

Decrement register "I". If "d" is o the 
result is stored in the W register. If "d" 
is 1 the result is stored back in register 
"!". 

DECF CNT, 1 

Before Instruction 
CNT = Ox01 
z = 0 

After Instruction 
CNT = OxOO 
z = 1 

DECFSZ 

Syntax: 

Operands: 

Decrement f. skip if O 

[label] DECFSZ f,d 

0SfS127 
de [0,1) 

Operation: (f) - 1 -+ d; skip if result = O 

Status Affected: None 
Encoding: ~I -0-0~-10_1_1~1-d-f f-f~l~f-f f-f~I 

Description: 

Words: 

Cycles: 

Example: 

GOTO 

Syntax: 

Operands: 

Operation: 

The contents of register "I" are decre
mented. If "d" is O the result is placed 
in the W register. If "d" is 1 the result 
is placed back in register"!". 

If the result is 0, the next instruction, 
which is already fetched, is discarded. 
A NOP is executed instead making it 
a two -ycle instruction. 

1 

1 (2) 

HERE DECFSZ 
GOTO 

CONTINUE I 

Before Instruction 

CNT, 1 
LOOP 

PC = address HERE 

After Instruction 
CNT=CNT-1 
if CNT = 0, PC = address CONTINUE 
if CNT ~ o; PC = address HERE + l 

Unconditional Branch 

[ label) GOTO k 

0SkS2048 

k-+ PC<10:0>, 
(PCLATH<4:3>)-+ PC<12:11> 

Status Affected: None 
Encoding: l~1-o~l-1_k_k_k~l-kk_k_k~l~kk_k_k~I 

Description: 

Words: 

Cycles: 

Example: 

GOTO is an unconditional branch .. 
The eleven bit immediate value is 
loaded into PC bits <10:0>. The up
per bits of PC are loaded from 
PCLATH <4:3>. GOTO is a two
cycle instruction. 

1 

2 

GOTO THERE 

After Instruction 
PC = Address of THERE 
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INCF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

INCFSZ 

Syntax: 

Operands: 

lncrementf 

[label] INCF f,d 

OSfS 127 
d E [0,1] 

(f) + 1 -+ ( dest) 

z 
I oo I 1010 I dfff I ffff 
The contents of register T are incre
mented. If "d" is O the result is placed 
in the W register. If "d" is 1 the result 
is placed back in register T. 

1 

INCF CNT, 1 

Before Instruction 
CNT = OxFF 
z = 0 

After Instruction 
CNT = OxOO 
z = 1 

Increment f. skip if 0 

[ /abe/] INCFSZ f,d 

Osfs 121 
d E [0,1] 

Operation: (f) + 1 -+ (dest), skip if result= o 
Status Affected: None 
Encoding: ~, -o-o~l-11_1_1~1-d_f_f_f ~, -f_f_f f~I 

Description: 

Words: 

Cycles: 

Example: 

The contents of register T are incre
mented. If "d" is o the result is placed 
in the W register. If "d" is 1 the result 
is placed back in register T. 

If the result is 0, the next instruction, 
which is already fetched, is discarded. 
A NOP is executed instead making it 
a two cycle instruction. 

1 (2) 

HERE INCFSZ 

GOTO 
CONTINUE • 

Before Instruction 
PC = address HERE 

After Instruction 
CNT=CNT+1 

CNT, 1 

LOOP 

if CNT = 0, PC = address CONTINUE 
if CNT ~ 0, PC = address HERE + 1 

IORLW 

Syntax: 

Operands: 

PIC16C64 

Inclusive OR Literal with W 

[ /abe/] IORLW k 

0SkS255 

Operation: (W) .OR. (k) -+ (W) 

Status Affected: Z 
Encoding: .... , -1-1__,.l-10_0_0....,l-kk_kk__,l.----k-kk-k--,I 

Description: 

Words: 

Cycles: 

Example: 

IORWF 

Syntax: 

The contents of the W register are 
OR'edwiththeeightbitliteral"k". The 
result is placed in the W register. 

1 

IORLW Ox35 

Before Instruction 
W = Ox9A 

After Instruction 
W = OxBF 

Inclusive OR W with f 

[ /abe/] IORWF f,d 

Operands: O s f s 127 
de [0,1] 

Operation: (W) .OR. (f) -+ (dest) 

Status Affected: Z 
Encoding:!~ -o-o~l-01_0_0....,l-df_f_f_,l.---f-f f-f....,I 

Description: 

Words: 

Cycles: 

Example: 

Inclusive OR the W register with reg
ister T. If "d" is O the result is stored 
in the W register. If "d" is 1 the result 
is stored back in register T. 

1 

IORWF RESULT, 0 

Before Instruction 
RESULT= Ox13 
W = Ox91 

After Instruction 
RESULT= Ox13 
W = Ox93 
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MOVLW 

Syntax: 

Operands: 

Move Literal to W 

[label] MOVLW k 

Osks255 

Operation: k ~ (W) 

Status Affected: None 
Encoding: J.--1-1----.--0-0-xx--.J_k_k_k_k....,J_k_k_k_k....,J 

Description: 

Words: 

Cycles: 

Example: 

MOVF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

The 8-bit literal "k" is loaded into W 
register. 

MOVLW Ox SA 

After Instruction 
W = Ox5A 

Movef 

[ label] MOVF 

Osfs 121 
d E (Q,1] 

(f) ~ (dest) 

z 
I 00 I 1000 I 

f,d 

dfff I ffff I 
The contents of register f is moved to 
destination d. If d=O, destination is W 
register. If d = 1, the destination is file 
register f itself. d = 1 is useful to test 
a file register since status flag Z is 
affected. 

MOVF FSR, 0 

After Instruction 
W = value in FSA register 

MOVWF 

Syntax: 

Operands: 

Move Wtof 

[label] MOVWF 

0SfS127 

Operation: (W) ~ (f) 

Status Affected: None 
Encoding: J'""_o_o__,l_o_o_o o....,..J _l_f_f_f...,.l _f_f _ff--, 

Description: 

Words: 

Cycles: 

Example: 

NOP 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

Move data from W register to register 
"f". 

MOVWF OPTION 

Before Instruction 
OPTION = OxFF 
W Ox4F 

After Instruction 
OPTION Ox4F 
W Ox4F 

No Oeeration 

[label] NOP 

None 

No operation 

None 

00 I 00001 oxxo 1 

No operation 

1 

1 

NOP 

00001 
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RETFIE 

Syntax: 

Operands: 

Operation: 

Return from Interrupt 

[ label] RETFIE 

None 

TOS-+ PC, 
1-+ GIE; 

Status Affected: None 
Encoding: .-1 -o-o--..1-o 0-0-0....,l.--o-o o-o-l.--1-0 0-1....,I 

Description: 

Words: 

Cycles: 

Example: 

Return from Interrupt. Stack is 
popped and Top of the Stack (TOS) 
is loaded in PC. Interrupts are en
abled by setting the GIE bit. GIE is 
the global interrupt enable bit (IN
TCON<7>). This is a two-cycle 
instruction. 

2 

RETFIE 

After Interrupt 
PC = TOS 
GIE = 1 

PIC16C64 

RETLW Return Literal to W 

Syntax: [label] RETLW k 

Operands: O s k s 255 

Operation: k -+ W; TOS -+ PC; 

Status Affected: None 

Encoding: 

Description: 

Words: 

I 11 I OlXX I kkkk I kkkk I 
The W register is loaded with the 
eight bit literal "k". The program 
counter is loaded from the top of the 
stack (the return address). This is a 
two-cycle instruction. 

1 

Cycles: 2 

Example: 

CALL TABLE ; w contains table offset 
; value 

TABLE ADDWF PC 
RETLW kl 
RETLW k2 

. 
RETLW kn 

RETURN 

Syntax: 

Operands: 

; w now has table value 

; w = offset 
Begin table 

; End of table 

Before Instruction 
W = Ox07 

After Instruction 
W = value of k7 

Return trom Subroutine 

[label] RETURN 

None 

Operation: TOS -+ PC; 

Status Affected: None 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

I oo I 0000 0000 1000 
Return from subroutine. The stack is 
poppedandthetopofthestack(TOS) 
is loaded into the program counter. 
This is a two-cycle instruction. 

2 

RETURN 

After Interrupt 
PC = TOS 
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RLF 

Syntax: 

Operands: 

Operation: 

Rotate Left f throuah Carrv 

[label] ALF f,d 

Osfs 121 
de [0,1] 

f<n>--+ d<n+1>, f<7>--+ C, C --+ 
d<O>; 

Status Affected: C 
Encoding: .-I -o-o~-11-0-1~1.--a-f f-f~I _f_f_f f~I 

Description: 

Words: 

Cycles: 

Example: 

RRE 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

The contents of register "f' are rotated 
1-bitto the left through the Carry Flag. 
If "d" is o the result is placed in the W 
register. If "d" is 1 the result is stored 
back in register "f'. 

@ registerf h 

RLF REGl,0 

Before Instruction 
REG1 = 11100110 
c = 0 

After Instruction 
REG1 11100110 
w = 11001100 
c = 1 

Rotate Riaht f throuah Carrv 

[label] RAF f,d 

0SfS127 
de [0,1] 

f<n> --+ d<n-1>, 
f<O> --+ C, 
C-+ d<7>; 

c 
I 00 I 1100 I dfff I ffff I 

Description: The contents of register "f' are rotated 
one bit to the right through the Carry 
Flag. If "d" is O the result is placed in 
the W register. If "d" is 1 the result is 
placed back in register "f'. 

Words: 

Cycles: 

Example: 

c@ register f b 

RRF REGl, 0 

Before Instruction 
REG1 = 11100110 
c = 0 

After Instruction 
REG1 11100110 
w 01110011 
c = 1 

SLEEP 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

SUBLW 

Syntax: 

Operands: 

[label] SLEEP 

None 

OOh-+WDT, 
o --+ WOT prescaler 
1--+ TO, 
0-+ PD 

TO,PD 

I oo I 0000 0110 0011 I 
The Power Down status bit (PD) is 
cleared. Time-out status bit (TO) is 
set. Watchdog Timer and its pres
caler are cleared. 

The processor is put into SLEEP mode 
with the oscillator stopped. See sec
tion on SLEEP mode for more details. 

SLEEP 

Subtract W from Literal 

[label] SUBLW k 

0SkS255 

Operation: k - (W) --+ (W) 

Status Affected: C, DC, Z 
Encoding: .-I -1-1-.-I -1-1-ox~-k-k_k_k~-k-k_k_k~ 

Description: 

Words: 

Cycles: 

Example 1: 

Example2: 

The W register is subtracted (2's 
complement method) from the 8-bit 
literal "k". The result is placed in the W 
register. 

SUBLW OX02 

Before Instruction 
w 1 
c = ? 

After Instruction 
w 1 
C ; result is positive 

Before Instruction 
w = 3 
c = ? 

After Instruction 
W FF 
C = 0 ; result is negative 
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SUBWF Subtract W from f 

Syntax: [ label] SUBWF f,d 

Operands: O::; f::; 127 
d E [0,1] 

Operation: (f)-(W) ~ (dest) 

Status Affected: C, DC, Z 
Encoding: ~I -o-o~l-0-0-10~1-a_f_f_f~l~f-f-ff~ 

Description: 

Words: 

Cycles: 

Example 1: 

Example2: 

SWAPF 

Syntax: 

Operands: 

Operation: 

Subtract (2's complement method) 
the W register from register "f'. If "d" 
is o the result is stored in the W 
register. If "d" is 1 the result is stored 
back in register "f'. 

1 

SUBWF REGl,l 
Before Instruction 

REG1 =0 
W=1 
C=? 

After Instruction 
REG1 =FF 
W= 1 
C = O ; result is negative 

Before Instruction 
REG1 =FF 

W=O 
C=? 

After Instruction 
REG1 =FF 

W=O 
C = 1 ; result is positive 

Swaof 

[label] SWAPF f,d 

o::;f::; 127 
d E [0,1] 

f<0:3> ~ d<4:7>, 
f<4:7> ~ d<0:3>; 

Status Affected: None 
Encoding: .---o-o ~I _1_1_1 o___,J_a_f_f_f --.--f-f-f f__, 

Description: 

Words: 

Cycles: 

Example: 

The upper and lower nibbles of regis
ter "f' are exchanged. If "d" is 0 the 
result is placed in W register. If "d" is 
1 the result is placed in register "f'. 

SWAPF REG, 0 

Before Instruction 
REG = OxA5 

After Instruction 
REG = OxA5 
W = Ox5A 

PIC16C64 

XORLW Exclusive OR literal with W 

Syntax: [label] XORLW k 

Operands: 0:S:k:S:255 

Operation: (W) .XOR. k ~ (W) 

Status Affected: Z 
Encoding: ~l -1-1~1-1-01-o~J-k_k_k_k~l~k-kk-k~I 

Description: 

Words: 

Cycles: 

Example: 

The contents of the W register are 
XOR'ed with the 8-bit literal "k". The 
result is placed in the W register. 

1 

XORLW OxAF 

Before Instruction 
W = OxB5 

After Instruction 
W = Ox1A 
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XORWF Exclusive OR W with f 

Syntax: [ label] XORWF f,d 

Operands: o ~ f ~ 128 
de [0,1] 

Operation: f.Y'J) .XOR. (f) ~ (dest) 

Status Affected Z 
Encoding: ~I -o o~l-01_1_0~1-d_f_f_f ~1-f_f_f f~ 

Description: 

Words: 

Cycles: 

Example: 

Exclusive OR the contents of the W 
register with register T. If "d" is O the 
result is stored in the W register. If "d" 
is 1 the result is stored back in register 
T. 

XORWF REG, 1 

Before Instruction 
REG = OxAF 
W = OxB5 

After Instruction 
REG Ox1A 
W = OxB5 
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14.0 DEVELOPMENT SUPPORT 

14.1 Development Tools 

The PIC16C5X and PIC16CXX microcontrollers are 
supported with a full range of hardware and software 
development tools: 

• PICMASTER™ Real-Time In-Circuit Emulator 
• PRO MATE™ Universal Programmer 
• PICSTART™ Low-Cost Prototype Programmer 
• Assembler 
• Software Simulator 

14.2 PICMASTER™: High Performance 
Universal In-Circuit Emulator 

The PICMASTER Universal In-Circuit Emulator is in
tended to provide the product development engineer 
with a complete microcontroller design tool set for all 
microcontrollers in the PIC16C5X, PIC16CXX and 
PIC17CXX families. 

Interchangeable target probes allow the system to be 
easily reconfigured for emulation of different proces
sors. The universal architecture of the PICMASTER 
allows expansion to support all new PIC16C5X, 
PIC16CXX and PIC17CXX microcontrollers. 

The Emulator System is designed to operate on PC 
compatible machines ranging from 80286-A T9 class 
ISA-bus systems through the new 80486 EISA-bus 
machines. The development software runs in the 
Microsoft Windows" 3.1 environment, allowing the op
erator access to a wide range of supporting software and 
accessories. 

The PICMASTER has been designed as a real-time 
emulation system with advanced features generally 
found on more expensive development tools. The AT 
platform and Windows 3.1 environment was chosen to 
best make these features available to you, the end user. 

PIC16C64 

The PICMASTER Emulator Universal System consists 
primarily of four major components: 

• Host-Interface Card 

• Emulator Control Pod 
• Target-Specific Emulator Probe 
• PC Host Emulation Control Software 

The Windows 3.1 System is a multitasking operating 
system which will allow the developer to take full advan
tage of the many powerful features and functions of the 
PICMASTER system. 

PICMASTER emulation can operate in one window, 
while a text editor is running in a second window. 

Dynamic Data Exchange (DOE), a feature of Windows 
3.1, will be available in this and future versions of the 
software. DOE allows data to be dynamically trans
ferred between two or more Windows programs. With 
this feature, data collected with PICMASTER can be 
automatically transferred to a spreadsheet or database 
program for further analysis. 

Under Windows 3.1, two or more PICMASTER emula
tors can run simultaneously on the same PC making 
development of multi-microcontroller systems possible 
(e.g., a system containing a PIC16Cxx processor and a 
PIC17Cxx processor). 

14.3 PRO MATE™: Universal Programmer 

The PRO MATE Universal Programmer is a production 
quality programmer capable of operating in stand alone 
mode as well as PC-hosted mode. 

The PRO MATE has programmable Voo and VPP sup
plies which allows it to verify programmed memory at 
Voo min and Voo max for maximum reliability . It has an 
LCD display for displaying error messages, keys to enter 
commands and a modular detachable socket assembly 
to support various package types. In stand-alone mode 
the PRO MATE can read, verify or program PIC16C5X, 
PIC16CXX and PIC17CXX devices. It can also setfuse 
configuration and code-protect in this mode. Its EEPROM 
memory holds data and parametric information even 
when powered down. It is ideal for low to moderate 
volume production. 

FIGURE 14-1: PICMASTER SYSTEM CONFIGURATION 

Common Interface Card 
PC Compatible Computer 

(A TnSA Bus) (for Industry Standard Architecture) 

C 1994 Microchip Technology Inc. 
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Power Switch 

Power Connector 

Aux. 

PC-Interface 
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In PC-hosted mode, the PRO MATE connects to the PC 
via one of the COM (RS232} ports. A PC based user
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and menu
based. Full screen display and editing of data, easy 
selection of fuse configuration and part type, easy selec
tion of Voo min, Voo max and VPP levels, load and store 
to and from disk files (intel hex format) are some of the 
features of the software. Essential commands such as 
read, verify, program, blank check can be issued from 
the screen. Additionally, serial programming support is 
possible where each part is programmed with a different 
serial number, sequential or random. 

The PRO MATE has a modular 'programming socket 
module'. Different socket modules are required for 
different processor types and/or package types. 
PRO MATE supports all PIC16C5X, PIC16CXX and 
PIC17CXX processors. 

14.4 PICSTARTTM Programmer 

The PICSTART™ programmer is an easy to use, very 
low-cost prototype programmer. It connects to the PC 
via one of the COM (RS232) ports. A PC based user 
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and menu
based. 

14.5 Assembler CMPASM) 
Cross Assembler is a PC hosted symbolic assembler. It 
supports all microcontroller series including the 
PIC 16C5X CMOS, PIC16CXX, and PIC17CXX families. 

MPASM offers fully featured Macro capabilities, condi
tional assembly, and several source and listing formats. 
It generates various object code formats to support 
Microchip's development tools as well as third party 
programmers. 

MPASM allows full symbolic debugging from the Micro
chip Universal Emulator System (PICMASTER). 

MPASM has the following features to assist in develop
ing software for specific use applications. 

• Provides translation of Assembler source code to 
object code for all Microchip microcontrollers. 

• Macro Assembly Capability 

• Provides Object, Listing, Symbol and special files 
required for debugging with one of the Microchip 
Emulator systems. 

• Supports Hex (default), Decimal and Octal source 
and listing formats. 

MPASM provides a full feature directive language repre
sented by four basic classes of directives: 

• Data Directives are those that control the allocation 
of memory and provide a way to refer to data items 
symbolically, by meaningful names. 

• Listing Directives control the MPASM listing dis 
play. They allow the specification of titles and sub
titles, page ejects and other listing control. 

• Control Directives permit sections of conditionally 
assembled code. 

• Macro Directives control the execution and data 
allocation within macro body definitions. 

14.6 Sottware Simulator (MPSIM) 

The Software Simulator allows code development in a 
PC host environment. It allows the user to simulate the 
PIC16C5X and PIC16CXX series microcontrollers on 
an instruction level. On any given instruction, the user 
may examine or modify any of the data areas or provide 
external stimulus to any of the pins. The inpuVoutput 
radix can be set by the user and the execution can be 
performed in single step, execute until break or in a trace 
mode. Two forms of symbolic debugging are available: 
an internal symbol table for disassembling opcodes and 
the displaying of source code from a listing file. The 
Software Simulator offers the low cost flexibility to de
velop and debug code outside of the laboratory environ
ment making it an excellent multi-project software devel
opment tool. 

14.7 Develooment Systems 

For convenience, the development tools are packaged 
into comprehensive systems as listed in Table 14-1: 

TABLE 14-1: DEVELOPMENT SYSTEM 
PACKAGES 

Item Name System Description 

1. PICMASTER™ PICMASTER In-Circuit Emulator 
System with your choice of Target Probe, 

PRO MATE Programmer, 
Assembler, Software Simulator and 
Samples. 

2. PICSTART™ PICSTART™ Low-Cost Prototype 
System Programmer, Assembler, Software 

Simulator and Samples 

14.8 Probe Specifications 

The PICMASTER probes currently meet the following 
specifications: 

PROBE 
PICMASTER Devices Maximum Operating 

PROBE Supported Frequency Voltage 

PROBE-16E PIC16C64 10 MHZ l 4.SV- 5.SV 
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16.0 ELECTRICAL CHARACTERISTICS 

Absolute Maximum Ratings t 

Ambient temperature under bias ............................................................................................................. -55 to+ 125·c 

Storage Temperature ...............•...••.......•.•.....•....•......•.•••....••............•..............•..•.............••.......•........ - 65°C to +150°C 

Voltage on any pin with respect to Vss (except Voo and MCLR) ...........................................•....... -0.6V to Voo +0.6V 
Voltage on Voo with respect toVss ..............................•.....•..............•.............•................•.............•.•.......... o to +7.5 V 

Voltage on MCLR with respect to Vss (Note 2) ............................................................................................ Oto + 14 V 
Total power Dissipation (Note 1) ............•..............•..................•........................................................................... 1.0 W 
Maximum Current out of Vss pin ........................................................................................................................ 300mA 
Maximum Current into Voo pin .......................................................................................................................... 250mA 
Input clamp current, llK (Vl<O or VI> Voo) .......................................................................................................... ±20mA 
Output clamp current, IOK (VO <0 or VO>Voo) ................................................................................................... ±20mA 
Maximum Output Current sunk by any 1/0 pin ..................................................................................................... 25mA 
Maximum Output Current sourced by any VO pin ................................................................................................ 25mA 
Maximum Current sunk by PORTA, PORTB, and PORTE (combined) ............................................................. 200mA 
Maximum Current sourced by PORTA, PORTB, and PORTE (combined) ........................................................ 200mA 
Maximum Current sunk by PORTC and PORTO (combined) ............................................................................ 200mA 
Maximum Current sourced by PORTC and PORTO (combined) ....................................................................... 200mA 

Notes: 1. Power dissipation is calculated as follows: Pdis = Voo x {loo - l: loh} + l: {(Voo-Voh) x loh} + l:(Vol x lol) 

2. Voltage spikes belowVss atthe MCLR pin, inducing currents greaterthan 80mA, may cause latch-up. Thus, 

a series resistor of 50-1000 should be used when applying a 'low' level to the MCLR pin rather than pulling 
this pin directly to Vss. 
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16.1 DC CHARACTERISTICS: PIC16C64-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16C64-20 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 

Power Down Current 
(Note 3, 5) 

LP osc configuration 
Fosc = 32 KHz, Voo = 4.0V, WOT disabled 

HS osc configuration 
Fosc = 20 MHz, VDD = 5.5V (PIC16C64-20) 

µA Voo = 4.0V, WOT enabled, -4o·c to +as·c 
µA Voo = 4.0V, WOT disabled, o·c to +70°C 
µA voo = 4.0V, WOT disabled, -4o·c to +as·c 
µA VDD = 4.0V, WOT disabled, -40'C to+ 12s·c 

c 
, 2s·c unless otherwise stated. These parameters are for design guidance only and are 

Notes: 1. This is th · it to which Voo can be lowered in SLEEP mode without losing RAM data. 
2. The supply current is mainly a function of the operating voltage and frequency. Other factors such as 1/0 pin 

loading and switching rate, oscillator type, internal code execution pattern, and temperature also have an 
impact on the current consumption. 
The test conditions for all loo measurements in active operation mode are: 

OSC1 =external square wave, from rail to rail; all 1/0 pins tristated, pulled to Voo, RT= Voo, MCLR = Voo; WDT 
enabled/disabled as specified. 

3. The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with all 1/0 pins in hi-impedance state and tied to Voo and Vss. 

4. For RC osc configuration, current through Rext is not included. The current through the resistor can be 
estimated by the formula Ir= Voo/2Rext (mA) with Rext in kOhm. 

5. Timer1 oscilator (when enabled) adds approximately xmA to the specification. This value is from character
ization and is for design guidance only. This is not tested. 
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16.2 DC CHARACTERISTICS: PIC16LC64-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 

DC CHARACTERISTICS Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40°C s TA s + 12s·c for automotive, 

-40"C s TA s + as·c for industrial and 
o·c s TA s +70°C for commercial 

Operating voltage Voo = 2.SV to 6.0V 

Characteristic Sym Min Typ t Max Units 

Supply Voltage 

RAM Data Retention 
Vo Hage (Note 1) 
Yoo start voHage to 
guarantee power on reset 
Yoo rise rate to guarantee 
power on reset 
Supply Current (Note 2, 5) 

Power Down Current 
(Note 3, 5) 

Voo 

VoR 

VPOR 

SVoo 

loo 

IPD 

2.5 
4.5 

0.05* 

6.0 
5.5 

1.5 

Vss 

2.7 

v 
v 
v 

v 

os - 4 MHz, Voo = 5.5V (Note 4) 
Fosc = 32 KHz, Voo = 3.0V, WOT disabled 

Voo = 3.0V, WOT enabled, -40"C to +85"C 
Voo = 3.0V, WOT disabled, O"C to +70"C 
Voo = 3.0V, WOT disabled, -40°C to +85"C 
Voo = 3.0V, WOT disabled, -40°C to + 125"C 

erwise stated. These parameters are for design guidance only and are 

al square wave, from rail to rail; all 1/0 pins tristated, pulled to Voo, RT= Voo, MCLR = Voo; 
WOT en led/disabled as specified. 

3. The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with all 1/0 pins in hi-impedence state and tied to Voo and Vss. 

4. For RC osc configuration, current through Rext is not included. The current through the resistor can be 
estimated by the formula Ir = VoD/2Rext (mA) with Rext in kOhm. 

5. Timer1 oscilator (when enabled) adds approximately xmA to the specification. This value is from character
ization and is for design guidance only. This is not tested. 
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16.3 DC CHARACTERISTICS: PIC16C64~04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16C64-20 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16LC64·04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 

DC CHARACTERISTICS Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40"C s TA s +125°C for automotive, 

-40 s TA s +65°C for industrial 
and o·c s TA s +70"C for commercial 

Operating voltage Voo range as described in DC spec tables 14.1/14.2 

Characteristic Sym Min Typt Max Units Conditions 

Input Low Voltage 
1/0 ports VIL 

- with TTL buffer Vss O.BV v 
- with Schmitt Trigger buffer Vss 0.2Voo v 

MCLR, RA4/TOCKI, OSC1 Vss 0.2Voo v Note 1 
(in RC mode) 
OSC!.{!nXT,HSandL~ Vss 0.3Voo v 
Input High Voltage 
1/0 ports VIH 
- with TTL buffer 2.0 Voo v 
- with Schmitt Trigger buffer O.BVoo Voo 

MCLR, RA4/TOCKI O.BVoo Voo v 
OSC1J!n RC mod~ 0.7Voo Voo v Note 1 
PORTB weak pull-up current IPURB 50 100 150 (.IA Voo = 5V, VPIN = Vss 
Input Leakage Current 
(Notes 2, 3) 
1/0 ports Ill ±1 (.IA Vss s VPIN s Voo, Pin at hi-Impedance 
MCLR, RA4/TOCKI ±5 µA Vss s VPIN s Voo 
OSC1 ±5 µA Vss s VPIN s Voo • XT, HS and LP osc 

configuration 
Output Low VoUage 
1/0 Ports VOL 0.6 v IOL = 8.5 mA, Voo = 4.5V, -40"C to +85"C 

0.6 v IOL = 7.0 mA, Voo = 4.5V, -40"C to+ 125"C 
OSC2/CLKOUT 0.6 v IOL = 1.6 mA, Voo = 4.5V, -40"C to +85"C 
(RC osc configuration}_ 0.6 v IOL = 1.2 mA, Voo = 4.5V, -40°C to + 125"C 
Output High Voltage 
1/0 Ports (Note 3) VOH Voo-0.7 v IOH = -3.0 mA, Voo = 4.5V, -40"C to +85"C 

Voo-0.7 v (OH= -2.5 mA, Voo = 4.5V, -40"C to+ 125°C 
OSC2/CLKOUT Voo-0.7 v (OH = -1.3 mA, Voo = 4.5V, -40"C to +85"C 
(RC osc configuration) Voo-0.7 v (OH= -1.0 mA, Voo = 4.5V, -40"C to +125°C 
Capacitive Loading Specs on 
Output Pins 
OSC2 pin COSC2 15 pF In XT, HS and LP modes when 

external clock is used to drive OSC1. 
All 1/0 pins and OSC2 
(in RC mode) C10 50 pF 
SCL, SDA in 12C mode Cb 400 pF 

t : Data in 'Typ' column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are 
not tested. 

Notes: 1. In RC oscillator configuration, the OSC1 pin is a Schmitt trigger input. 
It is not recommended that the PIC16C64 be driven with external clock in RC mode. 

2. The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels 
represent normal operating conditions. Higher leakage current may be measured at different input voltages. 

3. Negative current is defined as coming out of the pin. 
4. The user may use better of the two specs. 
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16.4 Timing Parameter Symbology 

The timing parameter symbols have been created following one of the following formats: 

1. TppS2ppS 3. Tcc:st (12C specifications only) 

2. TppS 4. Ts 

T 

F Frequency 

Lowercase subscripts (pp) and their meanings: 

pp 

cc CCP1 

ck CLKOUT 

cs cs 
di SDI 

do SDO 

dt Data in 

io 1/0 port 

me MCLR 

Upper case letters and their meanings: 

s 
F 

H 

L 

PC only 

AA 

BUF 

Fall 

High 

Invalid (Hi-impedance) 

Low 

output access 

Bus free 

Tcc:st (12C specifications only) 

cc 

ST 

HD 

DAT 

STA 

Hold 

DATA input hold 

START condition 

(12C specifications only) 

T 

OS 

rd 

rw 

SC 

SS 

tO 

t1 

wr 

p 

R 

v 
z 

High 

Low 

SU 

STO 

PARAMETER MEASUREMENT INFORMATION 

Time 

OSC1 

RD 

RD or WR 

SCK 

SS 

TOCKI 

T1CKI 

WR 

Period 

Rise 

Valid 

High Impedance 

High 

Low 

Setup 

STOP condition 

All timings are measured between high and low measurement points as indicated in the figures below. 

0.7 Voo XTAL (Hi h) 
~----- 0.8 VooRC g 

_j \=---- 0.3 Voo XTAL {low) 
0.15 Voo RC 

OSC1 MEASUREMENT POINTS 1/0 PORT MEASUREMENT POINTS 
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16.5 Timing Diagrams and Specifications 

External Clock Timing 

Q4 Q1 Q2 Q3 Q4 01 

OSC1 ' ' '' -...: :--e-4 
' ' 2 

CLKOUT 

External Clock Timing Requirements 

Parameter Sym Characteristic Min Typt Max 
No. 

Fos External CLKIN Frequency DC nd RC osc mode 
(Note 1) DC S osc mode (PIC16C64-04, 

PIC16LC64-04) 
HS osc mode (PIC16C64-20) 
LP osc mode 

Oscillator Frequency RC DSC mode 
(Note 1) MHz XTosc mode 

MHz HS osc mode (PIC16C64-04 
PIC1 6LC64·04) 

20 MHz HS osc mode (PIC16C64·20) 
200 KHz LPosc mode 

Tos ns XT and RC osc mode 
ns HS osc mode (PIC16C64-04, 

PIC16LC64·04) 
50 ns HS osc mode (PIC16C64-20) 
50 µs LPosc mode 
250 ns RC osc mode 
250 10,000 ns XTosc mode 
250 1,000 ns HS osc mode (PIC16C64-04 

PIC16LC64·04) 
50 1,000 ns HS osc mode (PIC16C64·20) 
5 µs LP osc mode 

2 Tcy Instruction Cycle Time (Note 1) 1.0 4/F DC µs 
3 TosL, Clock in (OSC1) High or Low Time 50 ns XT oscillator 

TosH 2 µs LP oscillator 
20 ns HS oscillator 

4 TosR, Clock In (OSC1) Rise or Fall Time 25 ns XT oscillator 
Tosf 50 ns LP oscillator 

25 ns HS oscillator 

t : Data in "Typ• column is at SV, 25"C unless otherwise stated. These parameters are for design guidance only and are not tested. 
Note 1: Instruction cycle period (T cy) equals four times the input oscillator time base period. All specified values are based on 

characterization data for that particular oscillator type under standard operating conditions with the device executing code. 
Exceeding these specified limits may result in an unstable oscillator operation and/or higherthan expected current consumption. 
All devices are tested to operate at "min.• values with an external clock applied to the OSC1 pin. 
When an external clock input is used, the "Max.• cycle time limit is "DC' (no clock) for all devices. 
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CLKOUT and 1/0 Timing 

04 01 

OSC1 

CLKOUT 

I-----------.--!-~~ i 10 

l/OPin 
(input) 

1/0Pin 
(output) old value 

~ ~13 
i.-.;.14 
' : 

-: ~20,21 

19! i.+1s-+i 
~' 
! : ! 

Note: All tests must be done with specified capacitive loads (see datasheet) 50 pF on 

CLKOUT and 1/0 Timing Requirements 

Parameter 
No. 

Sym Characteristic 

10 TosH2ckl 
11 TosH2ckH 
12 TckR 
13 TckF 
14 Tckl2ioV 

Q2 

15 0.25Tcy+25 

16 after 0 

i( RC mode) 

17 1 i (01 cycle) to Port out valid 

18 OSC1i (02 cycle) to Port input TBD 

invalid (1/0 in hold time) 

19 Port input valid to OSC1 i TBD 

(110 in setup time) 

20 Tio A Port output rise time 

21 TioF Port output fall time 

. These parameters are characterized but not tested . 

Ty pt 

15 
15 
5 
5 

10 

10 

i 11 i 
~: 

PIC16C64 

03 

: .,... --------0 

Max Units Conditions 

30 ns 
30 ns 
15 ns 
15 ns 

0.5Tcy+20 ns 
ns 

ns 

TBD ns 

ns 

ns 

25 ns 

25 ns 

t : Data in "Typ" column is at SV, 2s·c unless otherwise stated. These parameters are for design guidance only and are 
not tested. 
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Reset, Watchdog Timer, Oscillator Start-Up Timer and Power-Up Timer Timing 

Internal 
POR 

PWRT 
Tlmeout 

osc 
Tlmeout 

----------<:~: 
: r------------~~-"'i"-:--''oo''--------~ 

Internal 
RESET 

Watchdog 
Tlmer 

RESET 

Parameter Sym 
No. 

30 
31 

32 

• These parameters are characterized but not tested. 

Min 

100 

7* 

Typt Max Units Conditions 

ns 

18 33* ms Voo = 5V, -40"C to + 125"C 
1024 tosc ms tosc = OSC1 period 

72 132* ms Voo = 5V, -40"C to + 125"C 

t : Data in 'Typ' column is at SV, 25"C unless otherwise stated. These parameters are for design guidance only and are 
not tested. 
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TimerO and Timer1 Clock Timings 

RA4/TOCKI /: \ I ------'1 1 1 1 1 

I I I I I 

:- 40 ----: - 41 - : 
I 'I 1 I 

,.__ _____ 42 ------1~ 

RCO!T1CKI /: \ ----~ : : t'--------' 

:- 45----: ~ 46 
I 'I 

TimerO and Timer1 Clock Requirements ~ 
Parameter Sym Characteristic ~"VMin Typt Max Units Conditions 

No. 

40 Tt0H TOCK! High Pulse Width No~e~~'-./ 0.5 TCY + 20* - - ns 

_c,With~~ 10* - - ns 
41 Tt0L TOCK! Low Pulse~~Pr~ 0.5 TCY + 20* - - ns 

~~ler 10* - - ns 
42 Tt0P TOCK! Pe~~ Tcv + 40* - - ns Where N = prescale 

-N-
value (2, 4, ... , 256) 

45 TnH T1C~~roooo•. No'""''" 0.5Tcy + 20 - - ns 

t:;:J: ~ynchronous, With Prescaler 10* - - ns 

Asynchronous 2 Tcy - - ns 

46 T11f:o... ~ow Time Synchronous, No Prescaler 0.5Tcy + 20* - - ns 

Synchronous, With Prescaler 10* - - ns 

Asynchronous 2 Tcy - - ns 

47 T11P T1 CKI input period Synchronous Tcv+ 40* - - ns N=prescale value 
N (1, 2, 4, 8) 

Asynchronous 4Tcy - - ns 

Fn Timer1 oscillator input frequency range DC - 200 KHz 

(oscillator enabled by setting the T1 OSCEN bit) 

* These parameters are characterized but not tested. 
t: Data in "Typ' column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and 

are not tested. 
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Capture/Compare/PWM Timings 

RC2/CCP1 
(Capture Mode) 

RC2/CCP1 
(Compare or 
PWMMode) 

\ /: \ __ 
I II Il-
l I I I I 

:.--- 50--; :.--- 51 -: : 
I I I I 

I 
I 

I -----',I 
I I 

53~~ 

\~ 
I I 
I I 

-! ~54 

Capture/Compare/PWM Requirements 

Parameter Sym Characteristic Min Ty pt Max Units Conditions 
No. 

50 Teel CCP1 input low time No Presealer 0.5 Tcy + 20 - - ns 
With Presealer 10 - - ns 

51 TeeH CCP1 input high time No Prescaler 0.5 Tcy + 20 - - ns 
With Presealer 10 - - ns 

52 TeeP CCP1 input period Tcy+ 40 - - ns N = preseale value 
N (4or16) 

53 TeeR CCP1 output rise time - 10 25 ns 
54 TeeF CCP1 oU!l!.ut fall time - 10 25 ns 

* These parameters are characterized but not tested. 
t : Data in "Typ• column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are 

not tested. 
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Parallel Slave Port Timing 

RE2/CS \~_/ \'----~/ 
REO/RD 

RE1/WR \_/ 
-+: ~65 I 

----!---{~ 1. ~. >---------<{ ! )>------
64-+; ~ ~ 62 ~ i 

RD<7:0> 

_......: ;....__ 63 

Parallel Slave Port Requirements 

Parameter Sym Characteristic Min Typt Max Units Conditions 
No. 

62 TdtV2wrH Data in valid before WRt 20 - - ns 
or est _Lsetim_ ti ml!)_ 

63 TwrH2dtl WRt or est to data-in invalid 20 - - ns 
(hold time) 

64 Trdl2cttV . ADJ. and es.J. to data-<>ut valid - - 40 ns 

65 TrdH2cltl RDt or es.J. to data-<>ut invalid 10 - 30 ns 

t: Data in "Typ' column is at 5V, 25'e unless otherwise stated. These parameters are for design guidance only and 
are not tested. 
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SPI Mode Timing 

SS 

SCK 
(CKP = 0) --~--' : 

: : : I I 

: ... 71 +: .... 72 •: : 

SCK 
(CKP=1) 

SDO 

I I: I: 
' 

~ ........ '~--"· 
'' 

78 _.: :.-
'' 

' '' 
79 +: :.-

'' 

x 
' '' :•: :.- 75, 76 

~ 
SDI 

' ' ' 

SPI Mode Requirements 

Parameter 
No. 

Sym Characteristic 

70 TssL2scH, SS! to SCK.!. or SCK1' input 
Tssl2scl, 

71 TscH SCK input high time 

J_slave mod~ 
72 Tscl SCK input low time 

(slave mode) 
73 TdiV2scH, SDI data input valid before 

TdiV2scL SCKe<!g_e 
74 TscH2dil, SDI data input invalid alter 

Tscl2dil, SCKed_g_e 
75 TdoR SDO data ou!Q_ut rise time 
76 TdoF SDO data cutout fall time 
77 TssH2doZ SS.I. to SDO output 

hi-im~dence 

78 TscR SCK output rise time 
J_master modaj_ 

79 TscF SCK output fall time 
(master mode) 

Min Typt 

Tcy -
Tcy+20 -
Tcy+20 -

Tcy -

0.5Tcy -
- 10 

- 10 
10 -
- 10 

- 10 

' ' ~~~~~~~~~~~-
'' 

... : :.-19 

'' '' 
--.: :.-18 

>. 
' 
~ 

0 

Max Units Conditions 

- ns 

- ns 

- ns 

- ns 

- ns 

25 ns 
25 ns 
50 ns 

25 ns 

25 ns 

t : Data in 'Typ' column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and 
are not tested. · 
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PC Bus Start/Stop Bits Timing 

SCL 

80 

SDA 

I 
I I 

'---...--' 
START 

Condition 

81 

PIC16C64 

I I 

\~~!:~\~ 
_....___.-.: 83 

I 

'---.---' 
STOP 

Condition 

I 

12C Bus Start/Stop Bits Requirements 

Parameter 
No. 

Sym Characteristic Min Typ Max Units Conditions 

80 Tsu:STA START condition 100KHZmode 4700 - - Only relevant for repeated 
ns 

Setup time 400 KHz mode 600 - - START condition 

81 THO:STA START condition 100 KHz mode 4000 - - After this period the 
ns 

Hold time 400 KHz mode 600 - - first clock pulse is generated 

82 TSU:STO STOP condition 100KHZmode 4700 - -
Setup time 400 KHz mode 600 

ns - -
83 THD:STO STOP condition 100KHzmode 4000 - -

Hold time 400KHzmode 600 
ns - -
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12C Bus Data Timing 

93 +: :+ :...- 90 --..: : ~ l+ 92 
I I I I 

_j ..... ----N Y r- 91 ---7 ..... --~\ i 
-..:, 80 .~ ',:·i'-----'i : I : '--------- :: 

SCL 

96~ I : 

~97 : 
: : -+: 82 r--' ' ' ' ' ' ~ 81 : .. 

~-~-~ ..... _-_-_-_~--------~-_,~:~~~x . -~~~~~~~ 
: : ~m~ 
~99~ ~99--...; 

SDA \ ' ' I IN ' ' 

' ' 
~: ~~..,,....,.,....,,....,.,....,.....,.....,,...,.--,.....,.,...,,;,....-----------.x...-----------------

' ' 

12C Bus Data Requirements 

Parameter 
No. 

Sym Characteristic Min Max Units Conditions 

90 THIGH Clock high time 100KHzmode 4.0 - µs PIC16C64 must operate at a 
minimum of 1.5 MHz 

400KHzmode 0.6 - µs PIC16C64 must operate at a 
minimum of 10 MHz 

SSPModule 1.5~ -
91 TLOW Clock low time 100 KHz mode 4.7 - µs PIC16C64 must operate at a 

minimum of 1.5 MHz 
400KHzmode 1.3 - µs PIC16C64 must operate at a 

minimum of 1 O MHz 
SSP Module 1.ST~ -

92 TR SDAand SCL 100 KHz mode - 1000 ns 
rise time 400KHzmode 20+0.1 Cb 300 ns Cb is specified to be from 

1o-400ff 
93 TF SDAandSCL 100KHzmode - 300 ns 

fall time 400KHzmode 20+0.1 Cb 300 ns Cb is specified to be from 
10-400..2.f' 

80 Tsu:STA START condition 100KHzmode 4.7 - ~ Only relevant for repeated 
setl!.11._time 400KHzmode 0.6 - __.!!§_ START condition 

81 THD:STA START condition 100KHzmode 4.0 - µs After this period the 
hold time 400KHzmode 0.6 - ~ first clock..Q.ulse is_g_enerated 

96 THD:DAT Data input 100 KHz mode 0 - ns 
holdjjme 400KHzmode 0 0.9 ..!!§. 

97 TSU:DAT Data input 100KHzmode 250 - ns 
setu_Q_time 400KHzmode 100 - ns Note2 

82 TSU:STO STOP condition 100 KHz mode 4.7 - ~ 
setu_11_time 400KHzmode 0.6 ~ 

99 TAA Output valid 100 KHz mode 300 3500 ns Note 1 
from clock 400 KHz mode - - -

100 TBUF Bus free time 100 KHz mode 4.7 - ~ Time the bus must be free 
400 KHz mode 1.3 µs before a new transmission can 

- start 
Cb Bus capacitive loading - 400 pF 

Note 1: As a transmitter, the device must provide this internal minimum delay time to bridge the undefined region (min. 300ns) of the 
falling edge of SCL to avoid unintended generation of START or STOP conditions. 

2: A fast-mode 12C-bus device can be used in a standard-mode 12C-bus system, but the requirement tsu;DA~50ns must then 
be met. This will automatically be the case if the device does not stretch the LOW period of the SCL signal. If such a device 
does stretch the LOW period of the SCLsignal, it must outputthe next databitto the SDA linetR max.+tsu;DAT =1000+250=1250ns 
(according to the standard-mode 12C bus specification) before the SCL line is released. 
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17.0 DC AND AC CHARACTERISTICS (GRAPHSfTABLES) 

NOT AVAILABLE AT THIS TIME 

• 
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20.0 PACKAGING INFORMATION 
See Section 11 of the Data Book. 

20.1 pacl<age Marklna Information 

44L PLCC Example 

44L PQFP Example 

40L PDIP (.600 mil) Example 

PIC16C64-04 

0 

0 P126 

~~ 

40LCerdip 

--= 

0 0 
MMMMMM 

PIC16C64 

AABB CDE 9038 CBA 

Legend: MM ... M Microchip part number information 
XX ... X Customer specific information• 

AA Year code (last 2 digits of calendar year) 
BB Week code (week of January 1 is week 'O 1 ') 

C Facility code of the plant at which wafer is manufactured 
C =Chandler, Arizona, U.S.A. 

D Mask revision number 

E Assembly code of the plant or country or origin in which 
part was assmebled 

0 

Note: In the event the full Microchip part number can not be marked on one line, it will be 
carried over to the next line thus limiting the number of available characters for 
customer specific information. 

• Standard OTP marking consists of Microchip part number, year code, week code, facility 
code, mask rev#, and assembly code. For OTP marking beyond this, certain price adders 
apply. Please check with your Microchip Sales Office. For OTP devices, any special 
marking adders are included in QTP price. 
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APPENDIX A 

The following are the list of modifications over the 
PIC16C5X microcontroller family: 

1. Instruction word length is increased to 14-bit. This 
allows larger page sizes both in program memory 
(2K now as opposed to 512 before) and register file 
(128 bytes now versus 32-bytes before). 

2. A PC high latch register (PCLATH) is added to 
handle program memory paging. PA2, PA 1, PAO 
bits are removed from status register. 

3. Data memory paging is redefined slightly. Status 
register is modified. 

4. Four new instructions have been added: RETURN, 
RETFIE, ADDLW, and SUBLW. 

Two instructions TRIS and OPTION are being 
phased out although they are kept for compatibility 
with PIC16C5X. 

5. OPTION and TRIS registers are made addressible. 

6. Interrupt capability is added. Interrupt vector is at 
0004h. 

7. Stack size is increased to eight deep. 

8. Reset vector is changed to OOOOh. 

9. Reset of all registers is revisited. Five different 
reset (and wake-up) types are recognized. Regis
ters are reset differently. 

10. Wake up from SLEEP through interrupt is added. 

11. Two separate timers oscillator start-up timer (OST) 
and power-up timer (PWRT) are included for more 
reliable power-up. These timers are invoked selec
tively to avoid unnecessary delays on power-up 
and wake-up. 

12. PORTS has weak pull-ups and interrupt on change 
feature. 

13. RTCC pin is also a port pin (RA4) now. 

14. FSR is made a full eight bit register. 

15. 'In system programming' is made possible. The 
user can program PIC16CXX devices using only 
five pins: Voo, Vss, MCLRNPP, RB6 (clock) and 
RB7 (data in/out). 

16. PCON status register is added with a Power-On 
Reset (POR) status bit. 

17. Code protection scheme is enhanced such that 
portions of the program memory can be protected, 
while the remainder is unprotected. 

PIC16C64 

APPENDIXB 

To convert code written for PIC16C5X to PIC16CXX, the 
user should take the following steps: 

1. Remove any program memory page select opera
tions (PA2, PA 1, PAO bits) for CALL, GOTO. 

2. Revisit any computed jump operations (write to PC 
or add to PC, etc.) to make sure page bits are set 
properly under the new scheme. 

3. Eliminate any data memory page switching. Rede
fine data variables to reallocate them . 

4. Verify all writes to STATUS, OPTION, and FSR 
registers since these have changed. 

5. Change reset vector to OOOOh. 
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PD bit .......................................................... 11, 61, 68 

START (S) bit. ................................................... 10, 43 
STATUS register ..................................................... 11 
STOP (P) ........................................................... 10, 43 
Successive operations on 1/0 ports ........................ 27 
Synchronous serial port (SSP) module ................... 43 
T1CKPS1-0 bits ................................................ 10, 34 
T1 CON register ................................................. 10, 34 
T11NSYNC bit .................................................... 10, 34 
T10SCEN bit .............................................. 10, 34, 36 
T2CKPS1-0 bits ................................................ 10, 38 
T2CON register ................................................. 10, 38 

DS30218B-page 102 flll'®~~m~lfil~ll'Y' © 1994 Microchip Technology Inc. 

2-322 



Timer1 mode selection .................•••••.•.•.••............... 34 
Timer1 oscillator ....................•..•.............................. 36 
Timer1 (TMR1) ...............•.......•..•.•..................•.. 34-36 
Timer2 (TMR2) ..........••••..•.•••.•••.••.•............•............• 37 
Timer modules overview ••.•...............•......•..••.••••.••.• 29 

TMRO overview ............•..............................•... 29 
Timer 1 (TMR1) overview ................................ 29 
Timer 2 (TMR2) overview ..............................•. 29 
CCP1 overview •.•..•.••.•............................•....••.. 29 

Timing diagrams/specifications ........•................ 90-98 
Timing parameter symbology ...•...•.......................... 89 
TMRO interrupt ..........................................• 30, 31, 66 
TMRO module •.....••.••.•..•.•.•...............•.•...•..•....•.. 29, 30 
TMRO prescaler •...•.•••.•..•......•.........•....•.•...•.•..•.• 30-32 
TMR1 interrupt ............................................ 14, 15, 34 
TMR1 register ..•.............................•••...•.................. 10 
TMR1CS bit .......••...•..•••..................................•.• 10, 34 
TMR11E bit ............••••.••.•...............................•... 10, 14 
TMR10N bit .......•.•.•.•....•...........................•••.•... 10, 34 
TMR2 interrupt .......................••.•.•.•....•........ 14, 15, 38 
TMR21E bit .•••...•••.••..•.•..•................•.....•.....••.•.•. 10, 14 
TMR11F bit ..........•..••...•......•...•.......................... 10, 15 
TMR2 register ................................••................. 10, 38 
TMR21F bit .•..•.....•..•.........•.....................•....•...•. 10, 15 
TMR20N bit .................••.••................................ 10, 38 
TO bit .•••••.•.•....•............................•.•••.•• 11,61,62,68 
TOUTPS3-0 bits ..•.•.••..•.....•............................... 10, 38 
TRIS registers .................................•....•.....•. 10, 19-26 
TRISE register ...•.....••..•.........................................•. 26 
UA bit .....•.••.................................•............•. 10, 43, 53 
Wake-up (from SLEEP) ..................................... 68, 69 
Watchdog timer ............•......•...•..•............................ 68 
WCOL bit .•...••••..............................•...••...•••.•.•.... 10, 44 
Zero (Z) bit ...............•....•..••••...•.•.••.................... 10, 11 

PIC16C64 

Table of Examples 

Example 3-1: Instruction Pipeline Flow •....•.......••............•. 8 
Example 5-1: Initializing PORTA ..................................... 19 
Example 5-2: Initializing PORTC .••.•....•.••.........•.••.•.......•. 23 
Example 7-1: Changing Prescaler (TMRD-+WDT) ..•.•.... 33 
Example 7-2: Changing Prescaler (WOT~ TMRO) .•.•...•. 33 
Example 10·1: Changing Between Capture Prescalers .•.. 40 
Example 11 ·1: Loading the SSPBUF 

(SSPSR Register) ........•...............•..•......... 45 
Example 12·1: Saving W Register and Status in RAM .•... 67 

Table of Tables 

Table 1-1: 
Table 3·1: 
Table 4·1: 
Table 5·1: 
Table 5-2: 
Table5·3: 
Table 5-4: 
Table5-5: 
Table5-6: 
Table5-7: 
Table5-8: 
Table 5-9: 
Table 5·10: 
Table 5-11: 
Table 7-1: 
Table7·2: 
Table B-1: 

Table8·2: 

Table 9-1: 

Table 10-1: 

Table 10-2: 

Table 10-3: 

Table 1o-4: 

Table 10-5: 

Table 11-1: 
Table 11·2: 
Table 11·3: 
Table 11-4: 
Table 12-1: 

Table 12-2: 
Table 12-3: 
Table 12-4: 
Table 12-5: 
Table 12-6: 
Table 13-1: 
Table 13-2: 
Table 14-1: 

PIC16CXX Family of Devices •..............••.... 3 
PIC16C64 Plnout Description •............•.•• 6, 7 
Special Registers for the PIC16C64 .....•..• 1 O 
PORTA Functions ....•....•...•.•.•..•..•..•.•.....•.• 20 
Summary of PORTA Registers •....•.....•.••.. 20 
PORTB Functions ....•.......................•....••.. 22 
Summary of PORTB Registers ..•..•.......••.. 22 

PORTC Functions ········••··········•·····•·•·····•·· 23 
Summary of PORTC Registers .....••.......•.. 23 
PORTO Functions ....•....•...•.•....•.............•.. 24 
Summary of PORTO Registers .....••......•... 24 
PORTE Functions ...............•.•........•.•........ 26 
Summary of PORTE Registers ......•......•... 26 
Summary of Parallel Slave Port Registers 28 
Summary of TMRO Registers ..•.......•.......•. 33 
Registers Associated with TMRO .........••... 33 
Capacitor Selection for the Tlmer1 
Oscillator ....•...........•.•........•.....•.....•.......•... 36 
Registers Associated with Timer1 as a 
Timer/Counter ...•......•..•••.....•.•..•.•.....•..•....• 37 
Registers Associated with Timer2 as a 
Timer/Counter ...••.....•..•••.•.•...•..•.••.........••.• 38 
PWM Frequency vs Resolution at 
20 MHz ...................................................... 41 
Example PWM Frequencies and Resolutions 
at20MHz •.•..................•...•..••......•...........•. 41 
Registers Associated with Timer1 and 
Capture ....•....••.••.•.•.•.•••••.••.•..••.••.••.......•.•..• 42 
Registers Associated with Timer1 and 
Compare .••.•....•.•.......•..•..•.•••.•..•.••.............. 42 
Registers Associated with Timer2 and 
PWM .•.•..........•.•.••••...•..•.•.••.•..••....••.•.......••. 42 
Registers Associated with SPI Operation . 47 
12C-BUS Terminology .........••.............•.•.•.. 48 
Data Transfer Received Byte Actions ...••.. 53 
Registers Associeted with l2C Operation .. 56 
Capacitor Selection for Ceramic 
Resonators .•...•...•....••...•....••..••..........•••..•.. 59 
Capacitor Selection for Crystal Oscillator . 59 
Time Out In Various Situations ..•..••...•..••.• 62 
Status Bits and Their SignHicance ..•.•..•.••. 62 
Reset Condition for Special Registers •.•••. 62 
Reset Condition for Registers •...•.•.........•.. 63 
Opcode Field Descriptions ...•........•..•.••.••.• 71 
Instruction Set •.•...•.........•.••..•.••.•...•....•....•. 72 
Development System Packages .....•..•.•..•. 84 

C 1994 Microchip Technology Inc. rPIF~~hITT~IT1lallf'~ DS30218B-page 103 

2-323 

• 



PIC16C64 

Table of Figures 

Figure 3-1: 
Figure 3-2: 
Figure 4-1: 
Figure 4-2: 
Figure 4-3: 
Figure 4-4: 
Figure 4-5: 
Figure 4-6: 
Figure 4-7: 
Figure 4-8: 
Figure 4-9: 
Figure 4-10: 
Figure 5-1: 

Figure 5-2: 
Figure 5-3: 
Figure 5-4: 
Figure 5-5: 
Figure 5-6: 
Figure 5-7: 
Figure 5-8: 
Figure 5-9: 
Figure 5-10: 

Figure 7-1: 
Figure 7-2: 
Figure 7-3: 
Figure 7-4: 
Figure 7-5: 
Figure 7-6: 

Figure 8-1: 
Figure 8-2: 
Figure 9-1: 
Figure 9-2: 
Figure 10-1 : 
Figure 10-2: 
Figure 10-3: 
Figure 10-4: 
Figure 11-1 : 

Figure 11-2: 

Figure 11-3: 
Figure 11-4: 
Figure 11-5: 

Figure 11-6: 

Figure 11-7: 
Figure 11-8: 
Figure 11-9: 
Figure 11-10: 
Figure 11-11: 
Figure 11-12: 
Figure 11-13: 
Figure 11-14: 
Figure 11-15: 
Figure 11-16: 
Figure 11-17: 
Figure 11-18: 

Figure 11-19: 

Figure 11-20: 

Figure 12-1 : 

PIC16C64 Block Diagram ...........•...•..••...... 5 
Clock Instruction Cycle ..•••••.••......•..•••••••••.• 8 
Program Memory Map and Stack •••••••••.••.. 9 
Register File Map .•.•...•.•.••..•....•..•..•.••.•••.••.• 9 
STATUS Register .........•.••.•.................••..• 11 
OPTION Register ••.•....•..•.•••.••.•••••.•......•.•• 12 
INTCON Register ..••••••.•......•.•.•...•••.......... 13 
PIE1 Register •.•...•..........•••..............•••..••.• 14 
PIR1 Register .••••.•••.••••.•.•.•••••••.•••..••......... 15 
PCON Register ..........•.•.............••..•......... 16 
Loading of PC in Different Situations •.•.••• 17 
DirecVlndirect Addressing ...................•.... 18 
Block Diagram of Port Pins RA<3:0> 
and RA<5> ....•••...•.............•••...•..•....•••.••.•• 19 
Block Diagram of RA4 Pin •..••.••..•.•••...••••• 19 
Block Diagram of Port Pins RB<7:4> ....... 21 
Block Diagram of Port Pins RB<3:0> ....... 21 
PORTC Block Diagram .•.......................... 23 
PORTO Block Diagram (In 110 Port Mode)24 
PORTE Block Diagram (In 110 Port Mode)25 
TRISE Register ••••.••.......•.•.•.•••••.•..•.....•..•. 25 
Successive 110 Operation ••••••...•...•..•••..•.• 27 
PORTO and PORTE as a Parallel Slave 
Port .•.•.••••••••..•....••••••.•.....•.••••..•...•..•.........• 28 
TimerO Block Diagram ...•.•••.•.•••.........•..••• 30 
TimerO Timing: INT Clock/No Prescale ••• 30 
TimerO Timing: INT ClocklPrescale 1 :2 ... 30 
TimerO Interrupt Timing •.••..•.•....••..••........• 31 
TimerO Timing with External Clock .......... 32 
Block Diagram of the TMROIWDT 
Prescaler .•.•..••.•.••••••••.....••.•••.•••.••••••..•...••. 32 
T1 CON: Timer1 Control Register .•..•...••••• 34 
TMR1 Block Diagram .....•................•.••.•••. 35 
Timer2 Block Diagram ...•...................•••.•• 38 
T2CON: Timer2 Control Register •.•.•.•..•••• 38 
CCP1CON Register .......••••......•......•.••••.•• 39 
Capture Mode Operation ••............•.••••..•.• 40 
Compare Mode Operation .•.•..........••.•.•... 40 
Simplified PWM Block Diagram ........••..•.• 41 
SSPSTAT: Sync Serial Port Status 
Register •.•......•••••.•.......•...•..••...•.•...•.••.•••••• 43 
SSPCON: Sync Serial Port Control 
Register •••••....••.•.••••...••..•••••••.••••••••.•....•..•. 44 
SSP Block Diagram (SPI Mode) ••.•.•...••.•• 45 
SPI Master/Slave Connection ..•.•....•..••••.. 46 
SPI Mode Timing (Master Mode or Slave 
w/o SS Control) ....•.••••••••.....•••••••..•••.....•..• 47 
SPI Mode Timing (Slave Mode with 
SS Control) ....•••.......•.......•.•.••••..........•••.••• 4 7 
Start and Stop Conditions .••••••••••.•..••..••.•. 48 
7-Bit Address Format ••.•..••••.•••.••.•.•.........• 49 
l"C 10-Bit Address Format •.•..•••••••••......•.. 49 
Slave-Receiver Acknowledge ....•....••.•••••• 49 
A Data Transfer ••••..••••....••••.•••••••.....•.•••..•. 49 
Master-Transmitter Sequence ..•.....•..•..•.. 50 
Master-Receiver Sequence .....••.....••••••••. 50 
Combined Format .•••••.•.•.•...••.•.•.•..••.....••.. 50 
Multi-Master Arbitration ••................•......... 51 
Clock Synchronization •........................•... 51 
SSP Block Diagram (l"C Mode) •....•.•.••...• 52 
12C Waveforms for Reception (7-Bit 
Address) .........•••.••............••.......•.........•.•.• 54 
l"C Waveforms for Transmission (7-Bit 
Address) ...•.•••........•..•..•.•..•...•....••.••.......... 55 
Operation of the 12c Module in ldle_Mode, 
RCV _Mode or XMIT _Mode ...............••....• 57 
Configuration Word •...........•..•..•.•....•........ 58 

Figure 12-2: 

Figure 12-3: 

Figure 12-4: 

Figure 12-5: 

Figure 12-6: 
Figure 12-7: 

Figure 12-8: 

Figure 12-9: 

Figure 12-1 O: 

Figure 12-11: 

Figure 12-12: 
Figure 12-13: 
Figure 12-14: 
Figure 12-15: 
Figure 12-16: 
Figure 12-17: 
Figure 12-18: 
Figure 12-19: 
Figure 12-20: 

Figure 13-1 : 
Figure 14-1 : 

DS30218B-page 104 IPIF®~~m~lfil~ll'Y' 
2-324 

Crystal Operation (or Ceramic Resonator) 
(HS, XT or LP Osc Configuration) ••••.••..... 59 
External Clock Input Operation 
(HS, XT, or LP Osc Configuration) •••••••.•• 59 
Parallel Resonant Crystal Oscillator 
Circuit •.•...•.•.•••.••••.•••••.•••..••••..••.••••••••••.••••• 60 
Series Resonant Crystal Oscillator 
Circuit .......••.•••..•....•..•...•.•••.....•..•••••••••....•. 60 
RC Oscillator Mode .....•......••................•.•• 60 
Simplified Block Diagram of On-Chip 
Reset Circuit .....•..............•.•.•..........•..•..•.•. 61 
Time-out Sequence on Power-up 
(MCLR not Tied to Voo): Case 1 ••••••••.•.••• 64 
Time-out Sequence on Power-up 
(MCLR not Tied to Voe): Case 2 .•••.....••.•• 64 
Time-out Sequence on Power-up 
(MCLR Tied to Voe) .•.••••.••••.••...•••••.•••....•. 64 
External Power on Reset Circuit 
(For Slow Voe Power Up) ..••..............•.•.•. 65 
Brown-Out Protection Circuit 1 ...............• 65 
Brown-Out Protection Circuit 2 ..•.•.••.••..... 65 
Interrupt Logic ..•...........•.••.....••.•.••••••••.•.... 66 
INT Pin Interrupt Timing .•..••..•••.•••••••••...... 67 
Watchdog Timer Block Diagram •••••..••...•• 68 
Summary of Watchdog Timer Registers .. 68 
Wake-up from SLEEP Through Interrupt. 69 
Protected Memory Read Format.. •.•..••...•. 70 
Typical In-System Serial Programming 
Connection .........•............................•....•... 70 
General Format for Instructions ........•...... 71 
PICMASTER System Configuration •••..... 83 

© 1994 Microchip Technology Inc. 



CONNECTING TO MICROCHIP BBS 

Connect world wide to the Microchip BBS using the 
CompuServe communications network. In most cases 
a local call is your only expense. The Microchip BBS 
connection does not use CompuServe membership 
services, therefore you do not need CompuServe 
membership to join Microchip's BBS. 

The procedure to connect will vary slightly from country 
to country. Please check with your local CompuServe 
agent for details if you have a problem. CompuServe 
services allows multiple users at baud rates up to 9600. 

To connect: 

1. Set your modem to 8-bit, No parity, and One stop 
(8N1). This is not the normal CompuServe setting 
which is 7E1. 

2. Dial your local CompuServe phone number. 

3. Depress <ENTER> and a garbage string will appear 
because CompuServe is expecting a 7E1 setting. 

4. Type+ <ENTER> and Host Name: will appear. 

5. Type MCHIPBBS<ENTER> and you will be con
nected to the Microchip BBS. 

In the United States, to find CompuServe's phone num
ber closest to you, set your modem to 7E1 and dial (800) 
848-4480 for 300-2400 baud or (800) 331-7166 for 9600 
baud connection. After the system responds with Host 

Name:, type 

NETWORK<ENTER> and follow CompuServe's direc
tions. 

For voice information (or calling from overseas), you 
may call (614) 457-1550 for your local CompuServe 
number. 

PIC16C64 

Trademarks: 

PIC is a registered trademark of Microchip Technology 
Incorporated in the U.S.A. 

The Microchip logo and name are trademarks of Microchip 
Technology Incorporated. 

PICMASTER, PRO MATE and PICSTARTare trademarks 
of Microchip Technology Incorporated. 

ACCESS.bus is a trademark of the ACCESS.bus Industry 
Group. 

12C is a trademark of Philips/Signetics. 

IBM PC and AT are registered trademarks of IBM Corpora
tion. 

MS DOS and Microsoft Windows are registered trademarks 
of Microsoft Corporation. 

CompuServe is a registered trademark of CompuServe Inc. 

All other trademarks mentioned herein are the property of 
their respective companies. 
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PIC16C64 Product Identification System 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 

PART NO. -XX X /XX XXX 

~ 
Pattern: 3-Digit Pattern Code for QTP/SQTP (factory specified) 

(blank for OTP and Windowed Parts) 

Package: 

~---1 Temperature 
Range: 

'-------1 Frequency 
Range: 

~-------t Device: 

Sales and Support 

P = PDIP (600 mil) 
L PLCC 
PQ = MQFP (Metric PQFP) 

o· C ID +70"C (T for tape/reel) 
I -40" C ID +85"C (S for tape/reel) 
E -40"C ID + 125"C 

04 4MHz 
10 10 MHz 
20 20MHz 

PIC16C64 : Standard VDD range 
PIC16LC64 : Extended V DD range 

Examples: 
a) PIC16C64 - 04/P 

=Commercial temp., 
DIP (600 mil) package, 
4 MHz, standard v DD limits, 
OTP part 

b) PIC16C64 - 04 J/PQ462 
= Industrial temp., 
MQFP package, 4 MHz, 
standard V DD limits, 
pattern #462 
(QTP or SQTP parts) 

Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and 
recommended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1. Your local Microchip sales office (see below) 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip's Bulletin Board, via your local Compuserve number. 

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using. 

For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302. 
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MICROCHIP PIC16C71 
8-Bit CMOS EPROM Microcontroller with AID Converter 

FEATURES 

High-Performance RISC-like CPU 

• Only 35 single word instructions to learn 
• All single cycle instructions (250ns) except for 

program branches which are two-cycle 
• Operating speed: DC - 16 MHz clock input 

DC - 250ns instruction cycle 
• 14-bit wide instructions 
• 8-bit wide data path 
• 1024 x 14 on-chip EPROM program memory 
• 36 x 8 general purpose registers (SRAM) 
• 15 special function hardware registers 
• Eight-level deep hardware stack 
• Direct, indirect and relative addressing modes 
• Four interrupt sources: 

- External INT pin 
- TMROtimer 
- AID conversion completion 
- PortB<7:4> interrupt on change 

Peripheral Features 

• 13 1/0 pins with individual direction control 
• High current sink/source for direct LED drive 

- 25mA sink max. per pin 
- 20mA source max. per pin 

• TMRO: 8-bit real time clock/counter with 8-bit 
programmable prescaler 

• AID converter module: 
- Four analog inputs multiplexed into one AID 

converter 
- Sample and hold 
- 20µs conversion time/channel 
- 8-bit resolution with ±1 LSB accuracy 
- External reference input, VREF (VREF s Voo) 
- Analog input range: Vss to VREF 

Special Microcontroller Features 

• Power-On Reset 
• Power-up Timer 
• Oscillator Start-up Timer 
• Watchdog Timer (WOT) with its own on-chip RC 

oscillator for reliable operation 
• Security EPROM fuse for code-protection 
• Power saving SLEEP mode 
• User selectable oscillator options: 

- RC oscillator: RC 
- CrystaVresonator: XT 
- High-speed crystaVresonator: HS 
- Power saving, low frequency crystal: LP 

• Serial, In-System Programming (ISP) of EPROM 
program memory using only two pins 

FIGURE A - PIN CONFIGURATION 

PDIP, SOIC, CERDIP Window 

...._ RA2/AIN2 

....... RA31AIN31VREF 
RA1/AIN1 ...._ 
RAQ.IAINO ...._ 

...._ RA4/TOCKI OSC1/CLKIN .-
._. MCLRIVPf' OSC2/CLKOUT ._ 

Vss Voo -- ABO/INT RB7 -- RB1 RB6 - RB2 RBS -- RB3 9 RB4 -~---~ 

CMOS Technology 

• Low-power, high-speed CMOS EPROM technology 
• Fully static design 
• Wide-operating voltage range: 

Commercial: 3.0V to 6.0V 
- Industrial: 3.0V to 6.0V 
- Automotive: 3.0V to 6.0V 
Low-power consumption 
- < 2mA @ 5V, 4 MHz 
- 15µA typical@ 3V, 32 KHz (with AID off) 
- < 1 µA typical standby current @ 3V 

INTRODUCTION 

The PIC16C71 is a high-perfonnance, low-cost, CMOS, 
fully-static EPROM-based 8-bit microcontroller with on
chip Analog to Digital converter. It is the first member of 
a new and improved family of PIC16CXX microcon
trollers (customers familiar with the PIC16C5X products 
may refer to Appendix A for a list of enhancements). 

The PIC16C71's high performance is due to all single 
word instructions (14-bit wide) that are executed in 
single cycle (250ns at 16 MHz clock) except for program
branches which take two cycles (500 ns). In addition, the 
PIC16C71 has four interrupt sources and an eight level 
hardware stack. 

The peripherals include an 8-bit timer/counter with an 
8-bit prescaler (effectively a 16-bit timer), 13 bi-direc
tional 1/0 pins and an 8-bit AID converter. The high 
current drive (25mA max. sink, 20 mA max source) of the 
1/0 pins help reduce external drivers and therefore, 
system cost. 

The AID converter has four channels, sample and hold, 
8-bit resolution with ±1 LSB accuracy. Conversion time 
is typically 30µs including sampling time. 

The PIC16C71 product is supported by an assembler, 
an in-circuit emulator and a production quality program
mer. All the tools are supported on IBM PC- and 
compatible machines. 
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FIGURE B - PIC16C71 BLOCK DIAGRAM 
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PIC16C71 

1.0 GENERAL DESCRIPTION 

The PIC16C71 is a low-<:Qst, high-performance, CMOS, 
fully static, EPROM-based 8-bit microcontrollerwith on
chip analog to digital converter. It employs an advanced 
RISC-like architecture. A reduced set of 35 instructions, 
all single word instructions (14-bit wide), all single cycle 
instructions (200ns) except for two-cycle program 
branches, instruction pipe-lining, large register set and 
separate instruction and data memory (Harvard archi
tecture) schemes are some of the architectural innova
tion used to achieve very high performance. The 
PIC16C71 typically achieves a 2:1 code compression 
and a 4:1 speed improvement over other 8-bit microcon-
trollers in its class. / 

The PIC16C71 has special features which reduce exter
nal components, thus reducing cost, enhancing system 
reliability and reducing power consumption. There are 
four oscillator options, of which the single pin RC oscil
lator provides a low-<:Qst solution and the LP oscillator 
minimizes power consumption. The SLEEP (power 
down) mode offers power saving. The user can wake up 
the chip from SLEEP through several external and 
internal interrupts and reset 

A highly reliable watchdog timer with its own on-chip RC 
oscillator provides protection against software malfunc
tion. 

A UV-erasable cerdip-packaged version is ideal for code 
development while the cost-effective One Time Pro
grammable (OTP) version is suitable for production in 
any volume. The customer can take full advantage of 
Microchip's price leadership in OTP microcontrollers 
while benefiting from the OTP flexibility. 

1.1 Upward Compatibility with PIC16CSX 

Those users familiar with the PIC16C5X family of micro
controllers will realize that this is an improved version of 
the PIC16C5X architecture. Please refer to Appendix A 
for a detailed list of modifications. Code written for 
PIC16C5X can be easily ported to PIC16C71 (see 
Appendix B). 

1.2 Applications 

The PIC16C71 fits perfectly in applications ratiging from 
high-speed automotive and appliance motor control to 
low-power remote sensors, battery chargers, gas gauges, 
pointing devices, and telecom processors. The EPROM 
technology makes customization of application pro
grams (transmitter codes, motor speeds, receiver fre
quencies, etc.) extremely fast and convenient. The small 
footprint packages for through hole or surface mounting 
make this microcontroller series perfect for all applica
tions with space limitations. Low-cost, low-power, high 
performance, ease of use, and 1/0 flexibility makes the 
PIC16C71 very versatile even in areas where no micro
controller use has been considered before (e.g. timer 
functions, replacement of "glue" logic in larger systems, 
co-processor applications). Additionally, the on chip 
high speed, multi-channel AID offers good analog capa
bilities at a reduced cost. The 8-bit accuracy AID is 

ideally suited for a low cost application requiring an 
analog interface e.g. thermostat control, pressure sens
ing, etc. 

2.0 PIC16C71 DEVICE VARIETIES 
A variety of frequency ranges and packaging options are 
available. Depending on application and production 
requirements the proper device option can be selected 
using the information and tables in this section. When 
placing orders, please use the "PIC16C71 Product Iden
tification System• on the back page of this data sheet to 
specify the correct part number. 

2.1 UV Erasable Devices 

The UV erasable version, offered in cerdip package is 
optimal for prototype development and pilot programs. 

The UV erasable version can be erased and repro
grammed to any of the oscillator modes etc. Microchip's 
PICSTART and PRO MATE"' programmers supports 
programming of the PIC16C71. 

2.2 One-Time-Programmable (OTP) Devices 

The availability of OTP devices is especially useful for 
customers expecting frequent code changes and up
dates. 

The OTP devices, packaged in plastic packages permit 
the user to program them once. In addition .to the 
program memory, the oscillator fuses, configuration 
fuses and the ID locations (if used) must be programmed. 

2.3 Quick-Turnaround-Production (OTP) 
Devices 

Microchip offers a OTP Programming Service for factory 
production orders. This service is made available for 
users who chose not to program a medium to high 
quantity of units and whose code patterns have stabi
lized. The devices are identical to the OTP devices but 
with all EPROM locations and fuse options already 
programmed by the factory. Certain code and prototype 
verification procedures do apply before production ship
ments are available. Please contact your Microchip 
Technology sales office for more details. 

2.4 Ser!a!izec! Quick-Turoaroynd-Productjon 
(SOTP) Devices 

Microchip offers the unique programming service where 
few locations in each device are programmed with 
different serial numbers. The serial numbers may be 
random, pseudo-random or sequential. 

Serial programming allows each device to have a unique 
number which can serve as an entry-code, password or 
ID number. 
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3.0 ARCHITECTURAL OVERVIEW 

The high performance of the PIC16C71 can be attrib
uted to a number of architectural features commonly 
found in RISC microprocessors. To begin with, the 
PIC16C71 uses a Harvard architecture, in which, pro
gram and data are accessed from separate memories. 
This improves bandwidth over traditional Von-Neuman 
architecture where program and data are fetched from 
the same memory. Separating program and data memory 
further allows instructions to be sized differently than 
8-bit wide data word. In PIC16C71, op-codes are 14-bit 
wide making it possible to have all single word instruc
tions. A 14-bit wide program memory access bus fetches 
a 14-bit instruction in a single cycle. A two-stage pipeline 
overlaps fetch and execution of instructions. Conse
quently, all instructions (35) execute in a single cycle 
(250ns @ 16 MHz) except for program branches. 

TABLE 3.1 - PIC16C71 PINOUT DESCRIPTION 

Pin name Pin Type Normal operation 

Voo p Power 

Vss p Ground 

OSC 1/CLKIN I Clock input/oscillator connection 

PIC16C71 

The PIC16C71 address 1Kx14 program memory space, 
all on-chip. Program execution is internal only 
(microcontroller mode). 

The PIC16C71 can directly or indirectly address its 48 
register files or data memory. All special function 
registers including the program counter are mapped in 
the data memory. The PIC16C71 has a fairly orthogonal 
(symmetrical) instruction set that makes it possible to 
carry out any operation on any register using any ad
dressing mode. This symmetrical nature and lack of 
'special optimal situations' make programming with the 
PIC16C71 simple yet efficient. In addition, the learning 
curve is reduced significantly. 

Pin function 
Serial In-System 
Programming (ISP) Mode 

Power 

Ground 

-

OSC2/CLKOUT 1/0 Oscillator connection/CLKOUT output. It is CLKOUT in RC -
oscillator mode and oscillator connection in all other modes. 

MCLRNPP l/P Master clear Jexternal resetbin~ut. Active low. Master clear/programming 
It has Schmi trigger input u er. voltage (VPP) supply 

RA4/TOCKI 1/0 Open-drain out~ut/input pin. It is also the clock input to TMRO -
timer/counter: chm1tt trigger input buffer 

RAO/Al NO 1/0 Bidirectional 1/0 pin/Analog input channel 0. As digital input it -
has TIL input levels 

RA1/AIN1 1/0 Bidirectional 1/0 pin/Analog input channel 1. As digital input it -
has TIL input levels 

RA2/AIN2 1/0 Bidirectional 1/0 pin/Analog input channel 2. As digital input it -
has TIL input levels 

RA3/AIN3NREF 1/0 Bidirectional 1/0 pin/Analog input channel 3/Analog reference -
voltage input . As digital inpu it has TIL input levels 

RBO/INT 1/0 Bidirectional 1/0 pin/External interrupt input. TIL input levels -
RB1 1/0 Bidirectional 1/0 pin. TIL input levels -
RB2 1/0 Bidirectional 1/0 pin. TIL input levels -

RB3 1/0 Bidirectional 1/0 pin. TIL input levels -
RB4 1/0 Bidirectional 1/0 _Qjn. TIL il]Q_Ut levels -
RB5 1/0 Bidirectional 1/0 pin. TIL input levels -
RB6 1/0 Bidirectional 1/0 pin. TIL input levels Clock input Schmitt Trigger 

RB7 1/0 Bidirectional 1/0 pin. TIL input levels Data input/output Schmitt Trigger 

Legend: I = input, 0 = output, 1/0 = input/output, P =power. -: Not used. 
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PIC16C71 

3.2 Clocking Scheme/Instruction Cycle 

The clock input (from pin OSC1) is internally divided by 
four to generate four non-overlapping quadrature clocks 
namely01, 02, 03andQ4. Internally, PC is incremented 
every 01, instruction is fetched from program memory 
and latched into instruction register in 04. It is decoded 
and executed during the following Q1 through Q4. The 
clocks and instruction execution flow is shown in 
Figure3.1. 

FIGURE 3.2 • PROGRAM MEMORY MAP 
AND STACK 

3.3 !nstructjon Flow/Pipelining 

An "Instruction Cycle" in PIC16C71 consists of Q1, Q2, 
03 and 04. Instruction fetch and execute are pipelined 
such that fetch takes one instruction cycle while decode 
and execute takes another instruction cycle. However, 
due to the pipelining, each instruction effectively ex
ecutes in one cycle. If an instruction causes the program 
counter to change (e.g. GOTO) then two cycles are 
required to complete the instruction. 

A fetch cycle begins with the program counter (PC) 
incrementing in 01. 

The fetched instruction is latched into the "Instruction 
Register (IR)" which is decoded and executed during 
02, 03 and 04. Data memory is read during Q2 (oper
and read) and written during Q4 (destination write). 

3.4 Program Memory Organization 

The PIC16C71 has a 13-bit program counter capable of 
addressing an SK x 14 program memory space. Only the 
first 1K x 14 (OOOOh - 03FFh) are physically imple
mented. Accessing a location above 3FFh will cause a 
wrap-around within the first 1 K x 14 space. The reset 
vector is at OOOOh and the interrupt vector is at 0004h. 
Refer to Figure 3.2. 

FIGURE 3.1 • CLOCK/INSTRUCTION CYCLE 

OSC1 

Q1 

011CIZIQ31Q4 

Q4 ·~------~ 

Q11CIZIQ31Q4 

CALL 
RETLW 
RETFIE 

RETURN 

13 

Stack Level 1 

Stack Level 2 

Stack Level 8 

1----R~e_set-'-'-V~ect__..o'--r---l OOOOh 

,___lm_e_rru~~_V_ect_or _ ___. 0004h 
0005h 

On-chip 
Program 
Memory 

01lctzla3IQ4 

~---~. Phase :} Internal 

' Cloc:l<s 
' 
' 

PC/ I-~ ----------------..,~FC'1_:_:_:_:_:_:_:_:_:_-;.:_:_:_:_:_:_:_-::_pe~':_+:::_1 :_:_:_:_:_:_:_:_~:_:_:_:_:_:_:_:_°:!PC':_+~2':_:_:_:_:_:_:_=; 
(Progrmn Ccunter! ' --

OSC2/CLKOUT 
(RCMode) 't---.,.,.,,..,,,......,----; 

Fetch INST PC+1 
Execute INST PC Fetch INST PC+ 

Execute INST (PC+ 1) 
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3.5 Program Counter Module 

The program counter (PC) is 13·bits wide. The low byte, 
PCL is a readable and writable register. The high byte 
of the PC, PCH, is not directly readable or writable. The 
high byte of the PC can be written through the PCLA TH 
register(OAh). In a CALL or GOTO instruction, PC<10:0> 
are loaded from the opcode and PC<12:11 >are loaded 
from the PCLATCH <4:3>. Since only 1K bytes are 
implemented, the destination address would be entirely 
contained in the opcode. In any instruction where the 
PCL is the destination, PC <12:8> are loaded directly 
from PC LATCH<4:0>. See Figure 3.3. 

3.5.1 COMPUTED GOTO 

When doing a table read using a computed goto method, 
care should be exercised if the table location crosses 
page boundaries. Please refer to the Application Brief 
"Table Read Using PIC16CXX' for further details. 

FIGURE 3.3 - LOADING OF PC IN 
DIFFERENT SITUATIONS 

12 8 7 0 

PC J : I INST with PCL 
~. -~-~---~---~: (02h) asdest 

PCLATH <4:0> ~~==8~1== ALU result 

I I I I 
PCLATH 

12 11 10 0 

PC GOTO. CALL 

11 

PCLATH 

3.6 Stack 

The PIC16C71 has an 8-deep x 13-bil wide hardware 
stack. The stack space is not part of either program or 
data space and the stack pointer is not readable or 
writable. The PC is PUSHed on the stack when a CALL 
instruction is executed or an interrupt is acknowledged. 
The stack is POPped in the event of a RETURN, RETLW 
ora RETFIE instruction execution. PCLA TH (OAh) is not 
affected by a "PUSH" or a "POP" operation. 

PIC16C71 

3.7 Register File Organization 

The register file, in PIC16C71 is organized as 128x8. It 
is accessed either directly or indirectly through file select 
register FSA. It is also referred to as the data memory. 
There are two register file page select bits in the ST A
TUS register allowing selection from up to four pages. 
However, the data memory extends only up to 2Fh. The 
first 12 locations are used to map special function 
registers. Locations OCh - 2Fh are general purpose 
registers implemented as static RAM. Some special 
function registers are mapped in page 1. When in 
page 1, accessing locations 8Ch - AFh will access the 
RAM in page o (Figure 3.4). 

FIGURE 3.4 - REGISTER FILE MAP 

File 

Address 
00 

01 

02 

03 

04 

05 

06 
07 

08 

09 
OA 

OB 

oc 

2F 

30 

7F 

Indirect addr.(*) 

RTCC 

PCL 

STATUS 

FSA 

PORTA 

PORTB 

ADC ONO 

AD RES 

PCLATH 

INTCON 

36 
General 
purpose 
registers 
(SAAM) 

PageO 

• Not a physical register 

Indirect addr.(*) 

OPTION 

PCL 

STATUS 

FSA 

TRISA 

TRISB 

ADCON1 

ADRES 

PCLATH 

INTCON 

Mapped 
in page 0 

Page 1 

80 

B1 

B2 

83 
84 
85 

86 

B7 

88 
B9 

BA 

BB 

BC 

AF 

BO 

FF 

111!1 Unimplemented data memory locations; reads as 'O's 
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FIGURE 3.5 - DIRECTnNDIRECT ADDRESSING 

RP1 RPO 

OJ 
~ 
page select 

Direct Addl'W8lng 

6 from opcode 

I I 
location select 

I 

G 
OB 

oc 

2F 

30 

7F 

Note: For memory map detail, see figure 3.4 

0 

I 

• 00 01 

FIGURE 3.6 - REGISTER FILE SUMMARY (PIC16C71) 

Indirect Addressing 

IRP 7 (FSR) 0 

D I I I I 

10 

page select J location select 
11.,; 

00 

~•1--~~~~~~~ 

7F 

Filename Bit7 l Bit6 l Bit 5 l Bit4 l Bit3 l Bit2 l Bit1 l BitO Value on power 
on reset (Note 3) 

.eaall;. 
00 INDO Uses contents of FSR to address data memory (not a physical register) 00000000 

01 TMRO 8 Bit Real Time clock counter xxxxxxxx 
02 PCL Low order 8 bits of PC 00000000 

03 STATUS IRP l RP1 j RPO l TO I PD I z l DC I c OOOllXXX 

04 FSR Indirect data memory, address pointer 0 xxxxxxxx 
05 PORTA - I I }lA4ITOCKlj RA3.'AIN3NREFJRA21AIN2JRA 1/AIN!J. RAO/Al~ xxxxxxxx 
06 PORTB RB7 l RBS j RBS l RB4 l RB3 I RB2 I RB1 I RBO/INT xxxxxxxx 

08 ADCONO ADCS1 I ADCSO} I CHSI I CHSO E.:O/DONET ADIF I ADON 00000000 

09 AD RES 8-Bit AID resuH register xxxxxxxx 
OA PCLATH Holding register for high byte of PC (Note 1) ---00000 

OB INTCON GIE l ADIE j TOIE l INTE I RBIE T TOIF I INTF I RBIF ooooooox 
bu.1; 

80 INDO MAPPED IN PAGE 0 
81 OPTION RBPU I INTEDG I ATS I RTEI PSA I PS2 j PS1 j PSO 11111111 

82 PCL Mapped in page 0 
83 STATUS M8Pil8d in page 0 
84 FSR Mapped in page 0 
85 TRISA PORTA (IO~ data direction register ---11111 

86 TRISB PORTB (!06) data direction register 11111111 

88 ADCON1 - I - I - I - I - I - I PCFG1J PCFGO ------00 

89 ADRES Mapped in page 0 
BA PCLATH Mapped in page O 
BB INT CON Mapped in page 0 

x=unknown 
u = unchanged Notes: 

1. The upper byte ol 1he program counter is not directly accessible. PCLATH is a holding register for PC<15:8> whose contents are updated 
from or transfered to the upper byte of the program counter. 

2. The reset values of the special function register depend on the type of reset. See Table 4.1. 
3. Special function registers are reset to different values under certain conditions. Refer to Figure 4.1 for details. 
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3.7.1 REGISTER FILE ADDRESSING MODES 

The register file can be addressed directly or indirectly. 
In both modes, up to 512 register locations can be 
addressed. 

Direct addressing mode: An effective 9-bit direct ad
dress is obtained by concantenating 7-bits of direct 
address from the opcode and 2-bits (RP1 , RPO) from the 
STATUS register<6,5> as shown in Figure 3.5. 

Indirect addressing mode: Indirect addressing is pos
sible by using file address OOh. Any instruction using 
INDF as file register actually accesses data pointed to by 
the file select register, FSR (address 04h). Reading 
INDF itself indirectly will produce OOh. Writing to INDF 
indirectly results in a no-operation (although status bits 
may be affected). An effective 9-bit address is obtained 
by concantenating the 8-bit FSR register and the !RP bit 
from the STATUS register<7> as shown in Figure 3.5. 

Please note that some special function registers are 
mapped in page 1. It will be necessary to set RPO bit to 
address them. Both RP1 and !RP bits are essentially not 
used. 

For convenience, the general purpose registers are 
mapped both in ·page O and page 1. 

3.8 Indirect Addressing Register (INDF) 

It is not a physical register. Addressing INDF will cause 
indirect addressing. See Sections 3.7.1 and 3.7.1.1 for 
details. 

3.8.1 TMRO 

8-Bit Real Time Clock Counter 

See Section 5.4 for details. 

3.8.2 PCL 

Low order 8-bits of the PC 

See Section 3.5 for details. 

3.9 STATUS Register 

This register contains the arithmetic status of the ALU, 
the RESET status, and the page preselect bits for data 
memory. 

The STATUS register can be destination for any instruc
tion like any other register. However, the status bits are 
set following the write operation (04). Furthermore, TO 
and PD bits are not writable. Therefore, the result of an 
instruction with STATUS register as destination may be 
different than intended. For example, CLRF STATUS 
will clear the upper three bits and set the Z bit. This 
leaves the status register as OOOUU1UU (where 
U = unchanged). 

It is recommended, therefore, that only BCF, BSF and 
MOVWF instructions are used to alter the STATUS 
registers because these instructions do not affect any 
status bit. 

For other instructions, affecting any status bits, see the 
section 'Instruction Set Summary" (Section 4.0) 

PIC16C71 

3.9.1 CARRY/BORROW AND DIGIT CARRY/ 

BORROW BITS 

The carry bit (C) is a carcy_.DULin addition operations 
(ADDWF, ADDLW) and a borrow out in subtract opera
tions (SUBWF, SUBLW). The following examples ex
plain operation of carry/borrow bit: 
;SUBLW Example #1 

movlw OxOl 
sublw Ox02 

;wreg=l 
;wreg= 2-wreg = 2-1=1 
;Carry=l: result is positive 

;SUBLW Example #2 

movlw Ox02 
sublw OxOl 

;wreg=2 
;wreg=l-wreg=l-2=FFh 
;Carry=O: Result is negative 

;SUBWF Example #1 

clrf Ox20 
movlw 1 
subwf Ox20 

; f (20h) =0 
;wreg=l 
;f(20h)=f(20h)-wreg=O-l=FFh 
;Carry=O:Result is negative 

;SUBWF Example #2 
movlw OxFF 
movwf Ox20 ;f(20h)=FFh 
clrw 
subwf Ox20 

;wreg=O 
;f(20h)=f(20h)-wreg=FFh-O=FFh 
;Carry=l: Result is positive 

The digit carcy..ap.erates in the same way as the carry bit, 
i.e.: it is a borrow in subtract operations. 

3.9.2 TIME OUT AND POWER DOWN STATUS 
BITS ITO PDl 

The TO and PD bits in the STATUS register can be 
tested to determine if a RESET condition has been 
caused by a Watchdog Timer timeout, a power-up 
condition, or a wake-up from SLEEP by the Watchdog 
Timer or MCLR pin. 
These status bits are only affected by events listed in 
Table 3.2. 

TABLE 3.2 - EVENTS AFFECTING PD/TO 
STATUS BITS 

Event TO PD Remarks 

Power-up 1 1 
WDTTimeout 0 u No effect on PD 
SLEEP instruction 1 0 
CLRWDT instruction 1 1 
U: unchanged 
Note: A WOT timeout will occur regardless of the status of the TO 

bit. A SLEEP instruction will be executed. regardle~f the 
status of the PD bit. Table 3.2 reflects the status of PD and 
TO after the corresponding event. 
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FIGURE 3.7 ·STATUS REGISTER 

TABLE 3.3 ·PD/TO STATUS AFTER RESET 

TO PD RESET was caused by 

0 0 WOT wake-up from SLEEP 
0 1 WOT timeout (not during SLEEP) 

u 0 MCER wake up from SLEEP 
1 1 Power-up 

u u MCER reset during normal operation 
U: unchanged 
Note: The PD and TO bit maintain their status until an event of 

Tabl.e 3.2occu'!:.._A low.:!!!!lse on the~ input does 
not change the PO and TO status bits. 

bitO 

L 

ADDRESS: 03h 
RESET CONDITION: OOO??XXX 
TO, PD are set or reset as shown in Table 3.1 

CARRY/BORROW BIT: 
For ADDWF, SUBWF , ADDLW and SUBLW instructions, 
this bit is set if there Is a carry out from the most significant 
bit of the resultant. 
Note that a subtraction is executed by adding the two's 
complement of the second operand. For rotate (RRF, RLF) 
instructions, this bit is loaded with either the high or low 
order bit of the source register. 

DIGIT CARRY/BORROW BIT: 
For ADDWF, SUBWF , ADDLW and SUBLW instructions, 
this bit is set if there Is a carry out from the 4th low order bit 
of the resultant. 

ZERO BIT: 
Set if the result of an arithmetic or logic operation Is zero. 
Reset otherwise. 

POWER DOWN BIT: 
Set to "1' durin~ power up or by a CLRWDT command. This 
bit is reset to •o Dy a SLEEP instruction. 

TIME-OUT BIT: 
Set to '1' during power up and by the CLRWDT and SLEEP 
command. This bit is reset to •o• by a watchdog timer time 
out. 

REGISTER PAGE SELECT BITS FOR DIRECT 
ADDRESSING: 

RP1 ,o: oo : page o ~ooh - 7Fh) 
01 : page 1 80h - FFh) 
10 : page 2 1 OOh - 17t=h) 
11 : page 3 180h-1FFh) 

Each page is 128 bytes. 
Only RPO is useful In PIC16C71. Bit RP1 can be used as a 
general purpose read/write bit. However, this may affect 
upward compatibility with future products. 

REGISTER PAGE SELECT BITS FOR INDIREC1 
ADDRESSING: 
IRP: 0 : page 0, 1 (OOh - FFh) 

1 : page 2,3 (100h-1Fl=h) 
This bit is effectively not used in the PIC16C71. 
It may be used as a general purpose read/write bit 
However, this may affect upward compatibility with future 
product. 

3.10 Arithmetic and Logic Unit (ALU) 

The ALU is 8-bit wide and capable of addition, subtrac
tion, shift and logical operations. Unless otherwise 
mentioned, arithmetic operations are two's complement 
in nature. In two-operand instructions, typically one 
operand is the working register (W register) or the 
accumulator. The other operand is a file register or an 
immediate constant. In single operand instructions, the 
operand is either the W register or a file register. 

3.11 W Register 

The W register is an 8-bit working register (or accumu
lator) used for ALU operations. It is not an addressable 
register. 
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3.12 Interrupts 

The PIC16C71 has four sources of interrupt: 

• External interrupt from ABO/INT pin 

• TimerO timer/counter overflow interrupt 

• End of conversion interrupt from AID module 

• Interrupt on change on RB<7:4> pins 

The interrupt control register(INTCON, addrOBh) records 
individual interrupt requests in flag bits. It also has 
individual and global enable bits. The AID conversion 
completion interruptflag (ADIF) resides inthe ADCON<1 > 
register. 

A global interrupt enable bit, GIE (INTCON<7>) enables 
(if set) all un-masked interrupts or disables (if cleared) all 
interrupts. Individual interrupts can be disabled through 
their corresponding enable bits in INTCON register. GIE 
is cleared on reset. 

The RETFIE instruction allows user to return from inter
rupt and enable interrupt at the same time. 

The INT pin interrupt, the RB port change interrupt and 
the RTCC overflow interrupt flags are contained in the 
INTCON register. 

When an interrupt is responded to, the GIE is cleared to 
disable any further interrupt, the return address is pushed 
into the stack and the PC is loaded with 0004h. Once in 
the interrupt service routine, the source(s) of the inter
rupt can be determined by polling the interrupt flag bits. 
The interrupt flag bit(s) must be cleared in the software 
before re-enabling interrupts to avoid recursive inter
rupts. 

3.12.1 INT INTERRUPT 

External interrupt on ABO/INT pin is edge triggered: 
either rising (if INTEDG = 1, OPTION<6>) or falling (if 
INTEDG = 0). When a valid edge appears on INT pin, 
INTF bit is set (INTCON<1>). This interrupt can be 
disabled by setting INTE control bit (INTCON<4>) to 'O'. 
INTF bit must be cleared in software in the interrupt 
service routine before re-enabling this interrupt. The 
INT interrupt can wake up the processor from SLEEP if 
INTE bit was set prior to going into SLEEP. The status 
of the GIE bit decides whether or not the processor 
branches to the interrupt vector following wake-up. See 
section 5.5 for details on SLEEP and Figure 4.11 for 
timing of wake-up from SLEEP through INT interrupt. 

PIC16C71 

FIGURE 3.8 - INTERRUPT LOGIC 

TOIF 
TOIE 

INTF 
INTE 

ADIF 
ADIE 

RBIF 
RBIE 

GIE 

Interrupt 
to CPU 
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3.12.2 TMBO INTERRUPT 

An overflow (FFh -+ OOh) in the TMBO will setthe TOIF 
(INTCON<2>) bit. The interrupt can be enabled/dis
abled by setting/clearing TOIE (INTCON<5>) bit. See 
Section 6.4 for details. 

3.12.3 PORT BB INTERRUPT 

An input change on POBTB .;7:4> will set the BBIF 
(INTCON<O>) bit. The interrupt can be enabled/dis
abled by setting/clearing ABIE (INTCON<4>) bit. See 
Section 6.2 for details. 

3.12 4 ND INTERRUPT 

The ND converter sets the. end of conversion interrupt 
flag, ADIF (ADCON<1 >)when a conversion is complete. 
The interrupt can be disabled by clearing ADIE bit 
(INTCON<6>). See Section 6.6 for details on ND 
interrupt. 

FIGURE 3.9 • INT PIN INTERRUPT TIMING 

OSC1 

INTpln 

INTFllag 

3.13 Context Saying puring Interrupts 

During an interrupt, only the return PC value is saved on 
the stack. Typically, users may wish to save key 
registers during an interrupt e.g. W register and status 
register. This will have to be implemented in software. 

EXAMPLE 3-1: SAVING W REGISTER AND 
STATUS IN RAM 

push: movwf tE!llll_W ; Saving Values 
swapf srATUS,W 
movwf tE!llll_Stat 

;Interrupt 
; Seryice Routine 

pop: swapf tenq>_stat, w ;Restoring 
; Values 

movwf srATUS 
swapf temp_w, F ;Do not want to 
swapf temp_w, w affect Z-bit 

(INTCON<1>) ...__,___ ,._ ------_,-'---l------+------t'--~-lalenc:y-~(Nole_2)-+-----+I 

GIEbll 1--------1------+---. 
(INTCON<7>) ~----1-----_,..------.-----~ 

INSTRUCTION FLOW 

~{ lnlt(PC-1) lnlt(PC) le lnlt (000411) 

Noles: 
1. INlFllag Is sampled hate (everyQ1) 
2. lnlBrrupl lalency = 3- 4 Tcy whant Tcy = lnstrucllon cycle time. 

l..alency Is 1he same - Inst (PC) Is a single C¥=1e or a 2-cycle lnstrucllon. 
3. CLKOUT Is avalable only In RC oscilla1Dr mode. 
4. For minimum width spec of INT puloe, - to IC specs. 
5. IN'TF Is enbled to be set anytime during the 04-01 cycles. 
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FIGURE 3.10 - INTCON REGISTER 

R/W R/W R/W R/W R/W R/W 

l GIE l ADIE l TOIE llNTE l ABIE l TOIF l INTF l RBIF J l bitO 

PIC16C71 

Address: OBh R/W: Readable & 

Power on reset R: 
value: 0000 OOOXb U: 

RB port change interrupt flag 
Set when RB<7:4> inputs 
change. Reset in software 

INT interrupt flag 
Set when INT interrupt occurs 
Reset in software 

TMRO overflow interrupt flag 
Set when TMRO overflows 
Reset in software 

RBIF interrupt enable bit 

writable 
Read only 
Unused, 
read as 'O' 

RBIE = O: disables RB port change interrupt 
RBIE = 1: enables RB port change interrupt 

INT interrupt enable bit 
INTE = O: disables INT interrupt 
INTE = 1 : enables INT interrupt 

TMRO interrupt enable bit 
TOIE = O: disables TMRO interrupt 
TOIE = 1: enables TMRO interrupt 

AID conversion interrupt enable bit 
ADIE= O: Disable AID interrupt 
ADIE= 1: Enable AID interrupt 

Global interrupt enable 
O = Disable global interrupt 
1 = Enable global interrupt 
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4.0 SPECIAL FEATURES OF THE CPU 

What sets a microcontroller apart from other processors 
are special circuits to deal with the needs of real time 
applications. The PIC16C71 has a host of such features 
intended to maximize system reliability, minimize cost 
through elimination of external components, provide power 
saving operating modes and offer code protection. 

The PIC16C71 has a Watchdog Timer which can be shut 
off only through EPROM fuses. It runs off its own RC 
oscillator for added reliability. There are two timers that 
offer necessary delays on power-up. One is the Oscilla
tor Start-up Timer (OST), intended to keep the chip in 
reset until the crystal oscillator is stable. The other is the 
Power-up Timer (PWRT), which provides a fixed delay of 
72ms (nominal) on power-up only, designed to keep the 
part in reset while the power supply stabilizes. With these 
two timers on chip, most applications need no external 
reset circuitry. 

The SLEEP mode is designed to offer a very low current 
power-down mode. The user can wake up from SLEEP 
through external reset, Watchdog Timertimeoutorthrough 
an interrupt. Several oscillator options are also made 
available to allow the part to fit the application. The RC 
oscillator option saves system cost while the LP crystal 
option saves power. A set of EPROM configuration bits 
(fuses) are used to select various options (Section 4.6). 

4.1 RESET 

The PIC16C71 differentiates between various kinds of 
reset: 

a) Power-On Reset (POR) 

b) MCLR Reset during normal operation 

c) MCLR reset during SLEEP 

d) WOT timeout reset during normal operation 

e) WOT timeout reset during SLEEP 

Some registers are not affected in any reset condition; 
their status is unknown on POR and unchanged in any 
other reset. Most other registers are reset to a "reset 
state" on Power-On Reset (POR), on MCLR or WOT 
reset during normal operation and on MCLR reset during 
SLEEP. They are not affected by a WOT reset during 
SLEEP, since this reset is viewed as the resumption of 
normal operation. There are a few exceptions to this. 
The PC is always resetto all O's (OOOOh). Finally, TO and 
PD bits are set or cleared differently in different reset 
situations as indicated in Section 3.9.1. These bits are 
used in software to determine the nature of reset. See 
Table 4.1 for a full description of reset states of all 
registers. 

4.2 Power-On Reset (POR). Power-up Timer 
(PWRD and Oscillator Start-up Timer (OST) 

Power-On Reset CPORl: A Power-On Reset pulse is 
generated on-chip when Voo rise is detected (in the 
range of 1.2V - 1.BV). To take advantage of the POR, 
just tie MCLR pin directly (or through a resistor) to Voo. 
This will eliminate external RC components usually 
needed to create Power-On Reset. 

FIGURE 4.1 - SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT 

MCLR 

DS30150E-page 14 

External 
Reset 

10-blt Ripple counter 

1 O·bit Ripple CQunter 

POWER_UP•PWRTE 
(Enable the PWRT timer 
only if it is power-up and 
PWRTE fuse= 1.) 

(POWER_UP +WAKE_UP) (XT +LP+ HS) 

i~~~~~~P '!~~ ~~~ ~:~~-Xt.~S,~ec~f 

R 
Chip_Reset 

Qf-----1~ 
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TABLE 4.1 - RESET CONDITIONS FOR REGISTERS 

Register Address Power-on reset WOT time-out WOT time-out MCLRreset MCLR reset Wake-up 
(POR) reset during reset during during normal during SLEEP through 

normal operation SLEEP Interrupt 

w - xxxx xxxx uuuu uuuu uuuu uuuuj uuuu uuuu uuuu uuuu uuuu uuuu 

INDIR OOh - - - -
TMRO 01h xxxx xxxx uuuu uuuu uuuu uuuuj uuuu uuuu uuuu uuuu uuuu uuuu 

PC 02h OOOOh OOOOh PC + 1 OOOOh OOOOh PC + 1 

STATUS 03h 0001 lxxx 0000 luuu uuuO Ouuuj ooou uuuu OOOu Ouuu uuul Ouuu 

FSA 04h xxxx xxxx uuuu uuuu uuuu uuuuj uuuu uuuu uuuu uuuu uuuu uuuu 

PORTA 05h xxxx xxxx uuuu uuuu uuuu uuuuj uuuu uuuu uuuu uuuu uuuu uuuu 

PORTB 06h xxxx xxxx uuuu uuuu uuuu uuuuj uuuu uuuu uuuu uuuu uuuu uuuu 

TRISA 85h ---1 1111 ---1 1111 ---u uuuuJ ---1 1111 ---1 1111 ---u uuuu 

TRISB 86h 1111 1111 1111 1111 uuuu uuuu 1111 1111 1111 1111 uuuu uuuu 

OPTION 81h 1111 1111 1111 1111 uuuu uuuuj 1111 1111 1111 1111 uuuu uuuu 

ADCONO 08h 0000 0000 0000 0000 uuuu uuuui 0000 0000 0000 0000 uuuu uuuu 

ADCON1 88h ---- --00 ---- --00 ---- --uu ---- --00 ---- --00 ---- --uu 

ADRES 09h xxxx xxxx uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu 

PCLATH OAh ---0 0000 ---0 0000 ---u uuuu ---0 0000 ---0 0000 ---u uuuu 

INTCON OBh 0000 OOOx 0000 OOOu uuuu uuuu 0000 OOOu 0000 0000 uuuu uuuu* 

Legend: - = unimplemented, reads as 'O' 
u = unchanged 
x=unknown 

* In the event of wake-up through interrupt, one or more of the interrupt flags will be set. 
Other bits in INTCON will remain unchanged. 

The POR circuit does not produce internal reset when 
Voo declines (or goes through a brown-out). 

Power-up Timer IPWRD: The Power-up Timer pro
vides a fixed 72ms time-out on power-up only, from 
POR. The Power-up Timer operates on an internal RC 
oscillator. The chip is kept in reset as long as PWRT is 
active. The PWRT delay allows the Voo to rise to an 
acceptable level. A configuration fuse, PWRTE can 
enable (if = 1) or disable (ii = O or programmed) the 
Power-up Ttimer (Section 4.6). 

The power-up time delay will vary from chip to chip due 
to Voo and temperature. See DC parameters for details. 

Oscillator Start-up Timer (OSD: The Oscillator Start-up 
Timer(OST) provides 1024 oscillator cycle (from OSC1 
input) delay after the PWRT delay is over. This guaran
tees that the crystal oscillator or resonator has started 
and stabilized. 

The OST time-out is invoked only for XT, LP and HS 
modes and only on Power-On Reset or wake-up from 
SLEEP. 

Time-out Sequence: On power-up the time-out se
quence is as follows: First PWRT time-out is invoked 
after POR has expired. Then OST is activated. The total 
time-out will vary based on oscillator configuration and 
PWRTE fuse status. For example, in RC mode with 
PWRTE set to 'O' (PWRT disabled), there will be no time
out at all. Figures 4.2 and 4.3 depict time-out se
quences. 

Since the time-outs occur from POR pulse, ii MCLR is 
kept low long enough, the time-outs will expire. Then 
bringing MCLR high will begin execution immediately. 
This is useful for testing purposes or to synchronize 
more than one PIC16C71 operating in conjunction. 

TABLE 4.2 - TIME-OUT IN VARIOUS 
SITUATIONS 

Oscillator Power-up Wake up from 
Configuration PWRTE=1 PWRTE=O SLEEP 

XT, HS, LP 72ms+ 1024 tosc 1024 tosc 
1024 tosc 

RC 72ms - -

© 1994 Microchip Technology Incorporated ~IT'®~ o mru o ITTl@l IT'W DS30150E-page 15 

2-341 

• 



PIC16C71 

FIGURE 4.2 - TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO Yoo): Case 1 

Voo 

INTERNAL POR 

PWRT TIME-OUT 

OST TIME-OUT 

INTERNAL RESET 

FIGURE 4.3 - TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO Yoo): Case 2 

Voo ____ ___, 

MCLR ------+-----------------~ 

INTERNAL POR -----~ >--------------------.....----

----- tPWRT -----1 
PWRTTIME-OUT -------------------j~ tosr-+i 

j ' r ------;----

OST TIME-OUT 

INTERNAL RESET 

FIGURE 4.4 - TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO Yoo) 

Voo 

INTERNAL POR 

PWRT TIME-OUT 

~·-~11-----, ----
;4-tOST .... , 
: ~· ------------

OSTTIME-OUT -----------------' 

INTERNAL RESET -----------------' 

DS30150E-page 16 lP IT'®~ o [[fi) o mi 1ID IT'W © 1994 Microchip Technology Incorporated 

2-342 



FIGURE 4.5 - EXTERNAL POWER ON RESET 
CIRCUIT (FOR SLOW Yoo 
POWER UP) 

Voo 

Notes: 
1. External power on reset circuit is required only if 

VDD power-up slope is too slow. The diode O helps 
discharge the capacitor quickly when VDD powers 
down. 

2. R < 40KQ is recommended to make sure that 
voltage drop across R does not exceed 0.2V (max 
leakage current spec on MCLR pin is 5µA). A larger 
voltage drop will degrade V1H level on MCLR pin. 

3. R1 = 1 OOQ to 1 KO will limlt any current flowing into 
MCLR from external capacitor C in the event of 
MCLR pin breakdown due to ESD or EOS. 

FIGURE 4.6 - BROWN OUT PROTECTION 
CIRCUIT1 

Voe ---~----1 Voo 
33K 

MCLR 

PIC16C71 
= 

Notes: 
1. This circuit will activate reset when VDD goes 

below (Vz + 0. 7V) where Vz = Zener voltage. 

FIGURE 4.7 - BROWN OUT PROTECTION 
CIRCUIT2 

Voo ----------1 Voo 
R1 

R2 

PIC16C71 

Notes: 
1. This brown circuit is less expensive, albelt less 

accurate. Transistor 01 turns off when VDD is 
below a certain level such that: 

Voo • ___Bl__ = O 7V R1 +R2 .. 

PIC16C71 

4.3 Watchdog Timer (WDD 

The Watchdog Timer is realized as a free running on· 
chip RC oscillator which does not require any external 
components. That means that the WOT will run, even if 
the clock on the OSC1 and OSC2 pins of the device has 
been stopped, for example, by execution of a SLEEP 
instruction. A WOT timeout generates a device RESET 
condition. The WOT can be permanently disabled by 
programming the configuration fuse WDTE as a 'O' 
(Section 4.6). 

4.3.1 WOT PERIOD 

The WOT has a nominal time-out period of 1 Sms, (with 
no prescaler). The time-out periods vary with tempera
ture, Voo and process variations from part to part (see 
DC specs). If longer time-out periods are desired, a 
prescaler with a division ratio of up to 1:128 can be 
assigned to the WOT under software control by writing 
to the OPTION register. Thus, time-out periods up to 2.3 
seconds can be realized. 

The "CLRWDT" and "SLEEP" instructions clear the 
WOT and the prescaler, if assigned to the WOT, and 
prevent it from timing out and generating a device 
RESET condition. 

The status bit TO in the STATUS register will be cleared 
upon a Watchdog Timer time-out. 

4.3.2 WOT PROGRAMMING CONSIDERATIONS 

In a noisy application environment the OPTION register 
can get corrupted. The OPTION register should be 
updated at regular intervals. 

It should also be taken in account that under worst case 
conditions (Voo =Min., Temperature= Max., max. WOT 
prescaler) it may take several seconds before a WOT 
timeout occurs. 

4.4 Oscillator Configurations 

4.4.1 OSCILLATOR TYPES 

The PIC16C71 can be operated in four different oscilla
tor options. The user can program two configuration bits 
(FOSC1 and FOSCO) to select one of these four modes: 

• LP Low Power 
• XT Crystal 
• HS High Speed 
• RC Resistor/Capacitor 

4.4.2 CRYSTAL OSCILLATOR 

In XT, HS, or LP modes a crystal or ceramic resonator 
is connected to the OSC1 and OSC2 pins to establish 
oscillation (Figure 4.8). 
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TABLE 4.3 • CAPACITOR SELECTION FOR 
CERAMIC RESONATORS 

Oscillator Resonator Capacitor Range 
Type Frequency C1 =C2 

XT 455KHz 150-330 pF 
2.0MHz 20-330 pF 
4.0MHz 20-330_.Qf 

HS 8.0MHz 20-200 pF 

Higher capacitance increases the stability of oscillator but also 
increases the start-up time. These values are for design guidance 
only. Sinoe each resonator has its own characteristics, the user 
ehould consult the resonator manufacturer for appropriate values of 
external oomponents. 

FIGURE 4.8 - CRYSTAL OPERATION 
(OR CERAMIC RESONATOR) 
(HS, XT OR LP OSC 
CONFIGURATION) 

Tointemal 
logic 

SLEEP 

See Tsbles 4.3 and 4.4 for recommended values of C1 and C2. 
Note 1: A series resistor may be required for AT strip cut crystals. 

TABLE 4.4 • CAPACITOR SELECTION 
FOR CRYSTAL OSCILLATOR 

Osc Freq C1 C2 
Type 

LP 32KHz 15pF 15pF 
100 KHz 15pF 15pF 
200KHz 15_.Qf 15_.Qf 

XT 100 KHz 15-30pF 200-300 pF 
200KHz 15 - 30 pF 100-200 pF 
455KHz 15-30pF 15-100pF 
1 MHz 15 - 30 .£.F 15-30.£.F 
2MHz 15pF 15pF 
4MHz 15 pF 15pF 

HS 4MHz 15 pF 15pF 
8MHz 15 pF 15 pF 
16MHz 15 pF 15pF 

Higher capacitanoe increases the stability of oscillator but also 
increases the start-up time. These values are for design guidance 
only. Rs may be required in HS mode as well as XT mode to avoid 
overdriving crystals wilh low drive level specilication. Sinoe each 
crystal has its own characteristics, the user ehould consult the 
crystal manufacturer for appropriate values of external compo-
nents. 

FIGURE 4.9 - EXTERNAL CLOCK INPUT 
OPERATION (HS, XT, or LP 
OSC CONFIGURATION) 

Clockfromext. ___j'-.,,,__=b31 
system --Vy - PIC16C71 

Open OSC2 
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4.4.3 RC OSCILLATOR 

For timing insensitive applications the "RC" device op
tion offers additional cost savings. The RC oscillator 
frequency is a function of the supply voltage, the resistor 
(Rext) and capacitor (Cext) values, and the operation 
temperature. In addition to this, the oscillator frequency 
will vary from unit to unit due to normal process param
eter variation. Furthermore, the difference in lead frame 
capacitance between package types will also affect the 
oscillation frequency, especially for low Cext values. 
The user also needs to take into account variation due 
to tolerance of external R and C components used. 
Figure 4.1 O shows how the RIC combination is con
nected to the PIC16C71. For Rext values below 2.2 
kOhm, the oscillator operation may become unstable, or 
stop completely. For very high Rext values (e.g. 1 
MOhm), the oscillator becomes sensitive to noise, hu
midity and leakage. Thus, we recommend to keep Rext 
between 3 kOhm and 100 kOhm. 

Although the oscillator will operate with no external 
capacitor (Cext = o pF), we recommend using values 
above 20 pF for noise and stability reasons. With no or 
small external capacitance, the oscillation frequency 
can vary dramatically due to changes in external capaci
tances, such as PCB trace capacitance or package lead 
frame capacitance. 

PIC16C71 

See the table in Section 10.0 for RC frequency variation 
from part to part due to normal process variation. The 
variation is larger for larger R (since leakage current 
variation will affect RC frequency more for large R) and 
for smaller C (since variation of input capacitance will 
affect RC frequency more). 

See the characteristics in Section 9.0 for variation of 
oscillator frequency due to Voo for given Rext/Cext 
values as well as frequency variation due to operating 
temperature for given R, C, and Voo values. 

The oscillator frequency, divided by 4, is available on the 
OSC2/CLKOUT pin, and can be used for test purposes 
or to synchronize other logic (see Figure 3.1 for timing). 

FIGURE 4.10 • RC OSCILLATOR (RC TYPE 
ONLY) 

Voo 

Rext 

eext I 
Vss -= 

Internal 
clock 

PIC16C71 

-----1 OSC2/CLKOUT 
Fosc/4 '-----------~ 
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4.5 Power Down Mode (SLEEP) 

The power down mode is entered by executing a SLEEP 
instruction. · 

If enabled, the Watchdog Timer will be cleared but keeps 
running, the bit PD in the STATUS register is cleared, the 
TO bit is set, and the oscillator driver is turned off. The 
110 ports maintain the status they had, before the SLEEP 
command was executed (driving high, low, or hi-imped
ance). 

For lowest curent consumption in this mode, all 1/0 pins 
should be either at Voo, or Vss, with no external circuitry 
drawing current from the 110 pin. 110 pins that are in the 
High-Z mode should be pulled high or low externally to 
avoid switching currents caused by floating inputs. The 
RTCC input should also be at Voo or Vss for lowest 
current consumption. The contribution from on chip pull
ups on PORTB should be considered. 

The MCLR pin must be at a logic high level (V1HMC). 

It should be noted that a.BESET generated by a WOT 
time out does not drive MCLR pin low. 

4.5.1 WAKE-UP FROM SLEEP 

The device can wake up from SLEEP through one of the 
following events: 

a. External reset input on MCLR pin 

b. Watchdog timer timeout reset (if WOT was enabled) 

c. Interrupt from INT pin, RB port change or AID con
verter. 

The first event will cause a device reset. The two latter 
events are considered a continuation of program execu
tion. The TO and PD bits in the STATUS register can be 
used to determine the cause of device reset. PD bit, 
which is set Q!Lpower~up is cleared when SLEEP is 
invoked. Tha TO bit is cleared if WOT time~out occurred 
(and caused wake-up). 

When the SLEEP instruction is being executed, the next 
instruction (PC + 1) is pre-fetched. For the device to 
wake-up through an interrupt event, the corresponding 
interrupt enable bit must be set (enabled). Wake-up is 
regardlessofthestateoftheGIEbit. lftheGIEbitisclear 
(disabled), the device continues execution atthe instruc
tion after the SLEEP instruction. If the GIE bit is set 
(enabled), the device executes the instruction after the 
SLEEP. instruction and the branches to the interrupt 
address (cioo4h). In cases where the execution of the 
instruction following SLEEP is not desirable, the user 
should have a NOP after the SLEEP instruction. 

The WOT is cleared when the device wakes-up from 
sleep, regardless of the source of wake-up. 

FIGURE 4.11 -WAKE UP FROM SLEEP THROUGH INTERRUPT 

:~1~1001~ ~1~1001~ ~1~1001~ ~1~1001~ 

OSC1 r--+-il!lUln 

INTFflag 
(WTCON <1>) I------+------+----' 

GIEbll l------4------+----<---_,_-----l---~ 
(INTC0N<7>) PIOCl'lllOl'in : '-----'--------''-------' 

SlEEP 

INSTRUCTION FLOW 

PCi.--~--4~~~.~,--1,--~~~--u-------l.~~PC~+~3--lr-~0004h~---.l,-~0005h~---I 

1"'t::; { .... (PC)= SLEEP lnsl(PC+1) ln81(PC+2) lns1(0004h) lns1(0005h) 

lnatruction{ lnll(PC-1) ·- SLEEP lnlt(PC+1) Dum lnat(0004h) 

,._, 
1. XT,HSorLPoscilatormodeusumed 
2. lost= 1024 tosc (drawing not to acale). This delay wiH not be there for RC oac mode. 
3. GIE = 1 assumed. In lhia C888 after wake up proceeeor jumps to interrupt routine. 

If GIE = 0, execution will conlhle In Ina. 
4. CLKOUT ii not available in these oec modes, but shown here for timing reference. 
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4.6 Configuration Fuses 

The PIC16C71 has five configuration fuses which are 
EPROM bits. These fuses can be programmed (reads 
'O') or left unprogrammed (reads '1') to select various 
device configurations. These bits are mapped in pro
gram memory location 2007h. 

The user will note that address 2007h is beyond the user 
program memory space. In fact, it belongs to the special 
tesVconfiguration memory space (2000h-3FFFh). How
ever, through a special mode, this location can be 
accessed during programming. 

See the description of fuses in Figure 4.12. 

4.7 ID LOCATIONS 

The PIC16C71 has four ID locations (2000h - 2003h) 
mapped in the test program memory for storing code 
revision number, manufacturing information or other 
useful information. As with the configuration word, these 
locations are readable and writable through a program
mer. They are not accessible during normal code 
execution. 

If the chip is code protected, it is recommended that the 
user uses only the lower seven bits of the ID locations 
and program the higher seven bits as '1'. This way the 
ID locations will be readable even after code protection. 

FIGURE 4.12 ·CONFIGURATION WORD 

13 5 4 

PIC16C71 

4.8 Code Protection 

The code in the program memory can be protected by 
blowing the code protect fuse (CP). 

When code protected, the contents of the program 
memory cannot be read out in a way that the program 
code can be reconstructed. In addition, all memory 
locations starting at 0040h and above are protected 
against programming. 

It is still possible to program locations 0000h-003Fh, the 
ID locations and the configuration fuses. 

4.8.1 VERIFYING A CODE-PROTECTED PIC16C71 

When code protected, verifying any program memory 
location will read a scrambled output which looks like 
•oooooooxxxxxxx" (binary) where X is 1 or o. To verify 
a device after code protection, follow this procedure: 

a. First, program and verify a good device without code 
protecting it. 

b. Next, blow its code protection fuse and then load its 
contents in a file. 

c. Verify any code-protected PIC16C71 againstthis file. 

bitO 

[ I CP IPwRTE I WDTE }Fosc1I FOsco] Addr: 2007h 
L _l 
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OSC selection fuses: 
FOSC1, FOSCO: 
00: LP oscillator 
01: XT oscillator 
10: HS oscillator 
11 : RC oscillator 

WOT enable fuses: 
WDTE = 1: WOT enabled 
WDTE = O: WOT disabled 

Power-up timer enable fuse: 

PWRTE = 1 power-up time enabled 
PWRTE = O power-up timer disabled 

Code protection fuse: 
CP = 1 code protection off 

CP = O code protection on 

Unimplemented. Read as '1 's. 
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5.0 OVERVIEW OF PERIPHERALS 

The PIC16C71 has 13 1/0 pins organized as two 1/0 
ports, PORTA (5 bit) and PORTB (8-bit). It has an 8-bit 
timer/counter (RTCC) with a programmable 8-bit 
prescaler and an analog to digital converter module. 
The AID converter has up to four analog inputs, internal 
or external reference, 8-bit resolution and a typical 20µs 
conversion time. 

5.1 PORTA 

PORTA is a 5-bit wide port with pins RAO - RA4. Port 
pins RA<3:0> are bidirectional whereas RA4 has a 
open-collector output. PORTA is file register 05h. Its 
corresponding direction control register TRI SA is mapped 
in page 1 of register file at address 85h. TRISA is a five
bit wide register with bits <4:0>. Refer to Figure 5.1 and 
Figure 5.2 for block diagrams of PORTA pins. 

Pins RA<3:0> are multiplexed with analog input chan
nels AIN3 - AINO. Pin RA3 is further multiplexed with 
external reference voltage VREF for the AID. Two bits in 
control register ADCON1 (file register 88h) are used to 
configure these pins as digital (i.e. port) or analog pins. 
When configured as analog inputs, these pins will read 
as 'O's. Upon power-on reset, RA<3:0> are configured 
as analog inputs. 

RA4 should be tied to either Voo or Vss in order to 
present excessive current being drawn by a floating 
Schmitt trigger input (see Figure 5.2). 

TABLE 5.1 - PORTA FUNCTIONS 

Port Pin Bit Pin Function 

RAO/AINO bitO h11>_ut/ou~ut port. TTL il'lll_ut levels 

RA1/AIN1 bit1 ll'lll_ut/ol!!l1_ut port. TTL i~t levels 

RA2/AIN2 bit2 llY?!Jt/ou!Q_ut_QQ_rt. TTL i~t levels 

RA3fAIN3/VREF bit3 Input/output port. TTL input levels 

RA4/TOCKI bit4 Input/output port. Output is open 

FIGURE 5.1 - BLOCK DIAGRAM OF 
RAO - RA3 PINS 

Dalabus 

D Q 

"WR 

PORT"---+-CKl. 

"WR 
TRIS' 

D Q 

---+-CKl. 

'RD 
TRIS" 

Alternate Function 

AnalQg_ il'lll_ut channel O 

AnalQg_ i1Y?!Jt channel 1 

AnalQg_ i'Y?!lt channel 2 

Analog input channel 3 or external 
reference voltag_e il'lll_uliVREF}_ 

External clock input for TMRO timer/counter 
collector type. Input is Schmitt trigger type. 

TABLE 5.2 - SUMMARY OF PORTA REGISTERS 

Register Name Function Address Power-on Reset Value 

PORTA PORTA pins when read 05h ---x xxxx 
PORTA latch when written 

TRISA PORTA data direction register 85h ---1 1111 

ADCON1 AID converter control register 88h ---- --00 

Notes: 1: x = unknown, • = unimplemented, reads as a 'O'. 
2: For reset values of registers in other reset situations refer to Table 4.1. 
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FIGURE 5.2 • BLOCK DIAGRAM OF RA4 PIN 

Data 
bus 

"WR 
PORT" 

'WR 
TRIS" 

'RD PORT" 

D 

CK"l 

D 

CK"t 

a 

a 

a 

"RD 
TRISA' 

RTCC clock input 

Q D 

CK 

Note: l/O pins have diode protection to Vss. 

5.2 .eQBm 

PORTB is an 8-bit wide bidirectional port (file register 
address 06h). The corresponding data direction register 
is TRISB (address 86h). A '1' in TRISB sets the corre
sponding port pin as an input. Reading PORTB register 
reads the status of the pins whereas writing to it will write 
to the port latch. See Figures 5.3 and 5.4 for block 
diagrams of PORTB pins. 

Each of the PORTB pins has a weak internal pull-up 
(-250µA typical). The weak pull-up is automatically 
turned off if the port pin is configured as an output. 
Furthermore, bit RBPU (OPTION<7>) can tum off (RBPU 
is set) all the pull-ups. The pull-ups are disabled on 
power on reset. 

PORTB has an interrupt on change feature on four of its 
pins, RB<7:4>. When configured as input, the inputs on 
these pins are sampled and latched every 01. The new 
input is compared with the old latched value in every 
instruction cycle. An active high output is generated on 
mismatch between the pin and the latch. The "mis
match" outputs of RB4, RBS, RB6 and RB7 are OR'ed 
together to generate the RBIF interrupt (latched in 
INTCON<O>). Any pin configured as output is excluded 
from the comparison. This interrupt can wake the chip 
up from SLEEP. The user, in interrupt service routine 
can clear the interrupt in one of two ways: 
a) Disable the interrupt by clearing ABIE (INTCON<3>) 

bit. 
b) Read PORTB. This will end mismatch condition, 

then clear RBIF bit. 

PIC16C71 

This interrupt on mismatch feature, together with soft
ware configurable pull-ups on these four pins allow easy 
interface to a key pad and make it possible for wake-up 
on key-depression. 

Finally, port pin ABO is multiplexed with external inter
rupt input INT. 

FIGURE 5.3 • BLOCK DIAGRAM OF 
PORT PINS RB<7:4> 

Set 
RBIF 

Note: 1. Port la1d1 = 1 and TRISB = 1 enables weak pulklp ff 
RBPU = 0 in OPTION ragis1er. 

2. IJO pins have diode protection to Voo and Vss. 

FIGURE 5.4 • BLOCK DIAGRAM OF 
PORT PINS RB<3:0> 

RBPU 

Da1a bus 

'WR Port• 

"RD TRIS" 

Notes: 1. DOR = 1 enables weak pull-up ff 
RBPU = 0 in OPTION register. 

2. 1/0 pins have diode protection to VOO and Vss. 
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TABLE 5.3 - PORTB FUNCTIONS 

Port Pin Bit Pin Function Alternate Function 

ABO/INT bitO lnpuVoutput port pin. TTL input levels and internal External interrupt input 
software programmable weak pull-up (Schmitt Trigger) 

RB1 bit1 lnpuVoutput port pin. TTL input levels and internal -
software programmable weak pull-up 

RB2 bit2 lnpuVoutput port pin. TTL input levels and internal -
software programmable weak pull-up 

RB3 bit3 lnpuVoutput port pin. TTL input levels and internal -
software programmable weak pull-up 

RB4 bit4 lnpuVoutput port pin. TTL input levels and internal Interrupt on port change 
software programmable weak pull-up 

RBS bits lnpuVoutput port pin. TTL input levels and internal Interrupt on port change 
software programmable weak pull-up 

RB6 bit6 lnpuVoutput port pin. TTL input levels and internal Interrupt on port change 
software programmable weak pull-up 

RB7 bit7 lnpuVoutput port pin. TTL input levels and internal Interrupt on port change 
software programmable weak pull-up 

TABLE 5.4 - SUMMARY OF PORTB REGISTERS 

Register Name Function Address Power-on Reset Value 

PORTB PORTB pins when read 06h xxxx xxxx 
PORTB latch when written 

TRISB PORTB data direction register 86h 1111 1111 

OPTION Weak pull-up on/off control (RBPU bit) 81h 1111 1111 
See Figure S.12 
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5.3 VO PROGRAMMING CONSIDERATIONS 

5.3.1 BIDIRECTIONAL l/O PORTS 

Some instructions operate internally as read followed by 
write operations. The BCF and BSF instructions, for 
example, read the entire port into the CPU, execute the 
bit operation, and re-output the result. Caution must be 
used when these instructions are applied to a port where 
one or more pins are used as input/outputs. For ex
ample, a BSF operation on bit 5 of f6 (PORTB) will cause 
all eight bits of f6 to be read into the CPU. Then the BSF 
operation takes place on bit 5 and f6 is re-output to the 
output latches. If another bit of f6 is used as a bidirec
tional 1/0 pin (say bit 0) and it is defined as an input atthis 
time, the input signal present on the pin itself would be 
read into the CPU and re-written to the data latch of this 
particular pin, overwriting the previous content. As long 
as the pin stays in the input mode, no problem occurs. 
However, if bit O is switched into output mode later on, 
the content of the data latch may now be unknown. 

A pin actively outputting a 'O' or "1' should not be driven 
from external devices at the same time in order to 
change the level on this pin ('wired-or•, 'wired-and"). 
The resulting high output currents may damage the chip. 

FIGURE 5.5 - SUCCESSIVE 1/0 OPERATION 

PIC16C71 

Reading the PORT register, reads the values of the 
PORT pins. Writing to the PORT register writes the value 
to the PORT latch. When using read modify write instruc
tions (ex. BCF, BSF, etc.) on a PORT, the value of the 
PORT pins is read, the desired operation is done to this 
value, and this value is then written to the PORT latch. 

Example 5-1 shows the effect of two sequential read 
modify write instructions (ex. BCF, BSF, etc.) on an 1/0 
PORT. 

EXAMPLE 5-1: READ MODIFY WRITE 
INSTRUCTIONS ON AN 1/0 
PORT 

Initial PORT settings: PORTB<7:4> Inputs 
PORTB<3: 0> Outputs 

PORTB<7: 6> have external pull-up and are NC 

PORT latch PORT pins 
---------- ----------

BCF PORTB, 7 Olpp pppp 11pp pppp 
BCF PORTB, 6 lOpp pppp 11pp pppp 
BSF STATUS, RPO 
BCF TRISB, 7 lOpp pppp 11pp pppp 

BCF TRISB, 6 lOpp pppp lOpp pppp 

Note that the user may have expected the pin 
values to be QOpp pppp. The 2nd BCF caused RB7 
to be latched as the pin value (High) . 

5.3.2 SUCCESSIVE OPERATIONS ON 1/0 PORTS 

The actual write to an 1/0 port happens at the end of an 
instruction cycle, whereas for reading, the data must be 
valid atthe beginning of the instruction cycle (see Figure 
5.5). Therefore, care must be exercised if a write 
followed by a read operation is carried out on the same 
1/0 port. The sequence of instructions should be such to 
allow the pin voltage to stabilize (load dependent) before 
the next instruction which causes that file to be read into 
the CPU is executed. Otherwise, the previous state of 
that pin may be read into the CPU rather than the new 
state. When in doubt, it is better to separate these 
instructions with a NOP or an other instruction not 
accessing this 1/0 port. 

:ru1~1001~:ru1~1001~:ru1~1001~:ru1~1001~: Note: 

FC ~ FC ~ PC+1 ~ : PC+2 X PC+3 : 
Instruction I MOVWF PORTB I MOVF PORTB, w I I NOP NOP 

fetched ' Write to PORTB • Read PORTB ' 
I 

RB (7:0) I l.!w I I 
r1~~~~~...,--~~~~~~i""f""l'-4..--~~~-,~~~~~-

1 1 IPortpin 1 

' ' ' 
1 1 sampled here 1 

~ r"-
Execute , TPO Execute 

' MOVWF PORTB 1 MOVF PORTB, W ' 
Execute 

NOP 
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This example shows write 
to PORTB followed by a 
read from PORTB. Note 
that the data setup time = 
(0.25 TCY - TPD) where 
TCY = instruction cycle. 
Therefore, al higher clock 
frequencies, write followed 
by a read may be 
problematic. 
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5.4 TIMERO (TMRO) Module 

The TMRO module timer/counter has the following fea
tures: 

8-bit timer/counter 
Readable and writable (file address 01h) 
8-bit software programmable prescaler 
Internal or external clock select 
Interrupt on overflow from FFh to OOh 
Edge select for external clock 

Figure 5·6 is a simplified block diagram of the TMRO 
module. 

Timer mode is selected by clearing the ATS bit 
(OPTION<5>). In timer mode, the TMRO module will 
increment every instruction cycle (without prescaler). If 
TMRO is written, increment is inhibited for the following 

FIGURE 5-6: TIMERO (TMRO) BLOCK DIAGRAM 

RTCC 
PIN 

losc/4 

7 
RTE RTS 

PROGRAMMABLE 
PRESCALER 

PS2, PS1, PSO PSA 

two cycles (see Figures 5·7 and 5-8). The user can work 
around this by writing an adjusted value to the TMRO 
module. 

Counter mode is selected by setting the ATS bit 
(OPTION<5> ). In this mode TMAO will increment either 
on every rising or falling edge of pin RA4/TOCKI. The 
incrementing edge is determined by control bit RTE 
(OPTION<4>). Clearing the RTE bit selects the rising 
edge. Restrictions on the external clock input is dis
cussed in detail in Section 5.4.2. 

The prescaler is shared between the TMRO module and 
the watchdog timer. The prescaler assignment is con
trolled in software by control bit, PSA (OPTION<3>). 
Clearing the PSA bit will assign the prescaler to TMRO. 
The prescaler is not readable or writable. When the 
prescaler is assigned to the TMRO module, prescale 
value of 1 :2, 1 :4, ... , 1 :256 are selectable. Section 5.4.3 
details the operation of the prescaler. 

SYNC WITH 
!INTERNAL 
CLOCKS 

(2 CYCLE DELAY) 

DATA BUS 

8 

RTCC(8) 

SETTOIF 
INTERRUPT 

ON OVERFLOW 

Notes: 1. Bits, RTE, RTS, PS2, PS1, PSO AND PSA are located in OPTION register. 
2. The prescaler is shared with Watchdog Timer (refer to Figure 7-6 for detailed diagram). 

FIGURE 5-7: TIMERO (TMRO) TIMING: INTERNAL CLOCK/NO PRESCALE 

PC •ruoooo~ruoo~~ruoo~~ruoooo~ruoooo~ruoo~~ruoom~ruoooo~ 
(PROGRAM I I I I • I I 

COUNTER) < PC1 1 FC r PC+1 « PC+2 1 PC+3 1 PC+4 « PC+s «, PC+6 
I I I I I I I 

INST= I MOVWF TMRO I MOVFTMRO, w I MOVF TMRO, w I MOVF TMAO, w I MOVF TMRO, w I MOVF TMRO, w I 
I I I I 

TMRO Rr RT+1 X RT+2 X NRTC:--~~ NRT+1 X NRT+2 C 
' t ' t ' t ' t ' t ' t 

WrileTMRO . ReadTMRO ' ReadTMRO ' ReadTMRO ' ReadTMRO ' ReadTMRO 
exearted reads NAT reads NAT reads NAT reads NAT+ 1 reacts NRT + 2 

FIGURE 5-8: TIMERO (TMRO) TIMING: INTERNAL CLOCK/PRESCALE 1 :2 

~ ;rn1~1001~;rn1~1001~;rn1~1001~:rn1~1001~:rn1~1001~:rn1~1001~:rn1~1001~:rn1~1001~: 
(PROGRAM 
COUNTER) PC-1 ~ PC+1 « PC+2 PC+3 I PC+4 « PC+5 « PC+6 

INST= I MOVWFTMRO : MOVFTMRO,W: MOVFTMAO,W: MOVFTMRO,W: MOVFTMRO,W: MOVFTMRO,W: . 
TMRO Rr RT+1 I RT+2 NAT NAT x ' NRT+1 x NRT+2 NRT+3 c 

' t ' t ' t ' t t 
WriteTMRO ' ReadTMRO ' ReadTMRO ' ReadTMRO ' ReadTMRO ' ReadTMRO 
executed ' reads NAT ' reads NAT reads NAT+ 1 ' reads NAT +2 ' reads NRT +3 
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4.5.1 TIMERO (TMRQ) Interrupt 

TMRO interrupt is generated when the TMRO module 
timer/counter overflows from FFh to OOh. This overflow 
sets the TOIF bit. The interrupt can be masked by 
clearing the TOIE bit (INTCON<5>). The TOIF bit 
(INTCON<2>) must be cleared in software by the TMRO 
module interrupt service routine before re-enabling this 
interrupt. The TMRO module interrupt cannot wake the 
processor from SLEEP since the timer is shut off during 
SLEEP. See Figure 5-9 for TMRO interrupt timing. 

4.5.2 Using TMRO with external clock 

When external clock input is used for TMRO, it is syn
chronized with the internal phase clocks. Therefore, the 
external clock input must meet certain requirements. 

Also there is some delay from the occurance of the 
external clock edge to the actual incrementing of TMRO. 
Referring to Figure 5-10, the synchronization is done 
after the prescaler. The output of the prescaler is 
sampled twice in every instruction cycle to detect rising 
or falling edges. Therefore, it is necessary for PsouT to 
be high for at least 2 tosc and low for at least 2 tosc 
where: 

lose = oscillator time period. 

PIC16C71 

When no presca!er is used. PsouT (Prescaler output, 
see Figure 5-6) is the same as TMRO clock input and 
therefore the requirements are: 

TRTH TMRO high time ~ 2tosc + L\T 
(See parameter #40) 

TRTL TMRO low time ~ 2tosc + L\T 
(See parameter #41) 

When prescaler is used, the TMRO module input is 
divided by the asynchronous ripple counter-type prescaler 
and so the prescaler output is symmetrical. 

Then: 

PSOUT high time = PSOUT low time = N • TAT -2-
where 

TAT TMRO input period 

N prescale value (2, 4, .... , 256). 

The requirement is, therefore: 

N. TAT ~ 2 tosc + L\T, or TAT~ 4 tosc + 2 .u -2- N 

where 

L\ T small RC delay 

(see Timing Specifications). 

The user will notice that no requirement on TMRO high 
time or low time is specified. However, if the high time 
or low time on TMRO is too small then the pulse may not 
be detected, hence a minimum high or low time of 1 Ons 
is required. In summary, the TMRO module input re
quirements are: 

TAT TMRO period~ (4 lose+ 2 L\T)/N 

TRTH TMRO high time~ L\T 

TRTL TMRO low time~ L\T 

FIGURE 5-9: TIMERO (TMRO) INTERRUPT TIMING 

OSC1 

CLKOu-r(3) '-----~ 

TOIFblt 

TMROtimerl---~F=Eh'----J:C--+--~F~Fh"----JL-+-~OO~h __ ___,,~---+-~0~1h'-----''---!-~02=h"---J'---I 
+<D <D 

(INTCON <2>) 1------+---f 

GIEbltl------...._-+--------+---~ 

(INTCON <7>) 

INSTRUCTION FLOW 
(Note2) 

PC 1~ ___ PC ___ _,., ___ PC_+_1 __ -f'----P~C_+_1 __ _,~-~000~4~h---f'--~000~5~h---i 

Instruction { 
fetched 

Instruction { 
executed 

lnst(PC) Inst (PC+ 1) 

lnst(PC-1) lnst(PC) Dummy cycle 

Notes: 
1. TOIF interrupt flag is sampled here (every 01 ). 
2. Interrupt latency = 4 Tcy where Tcy = instruction cycle time. 
3. CLKOUT is available only in RC oscillator mode. 
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Inst (0004h) Inst (OOOSh) 

Dummy cycle Inst (0004h) 
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Pelay from external clock edge: Since the prescaler 
output is synchronized with the internal clocks, there is 
a small delay from the time the external clock edge 
occurs to the time the TMRO module is actually 
incremented. Referring to Figure 5-10, the reader can 
see that this delay is between 3 tosc and 7 tosc. Thus, 
for example, measuring the interval between two edges 
(e.g. period) will be accurate within ±4 tosc (±200ns @ 

20 MHz). 

5.4.3 Prescaler 

An 8-bit counter is available as a prescaler for the TMRO 
module, or as a post-scaler for the watchdog timer, 
respectively (see Figure 5-11 ). For simplicity, this counter 
is being referred to as 'prescaler" throughout this data 

sheet. Note that there is only one prescaler available 
which is mutually exclusively shared between the TMRO 
module and the Watchdog Timer. Thus, a prescaler 
assignment for the TMRO module means that there is no 
prescaler for the Watchdog Timer, and vice-versa. 

The PSA and PS2-PSO bits (OPTION<3:0>) determine 
the prescaler assignment and pre-scale ratio. 

When assigned to the TMRO module, all instructions 
writing to the TMRO module (e.g. CLRF TMRO, MOVWF 
TMRO, BSF 1,x .... etc.) will clear the prescaler. When 
assigned to WOT, a CLRWDT instruction will clear the 
prescaler along with the Watchdog Timer. The prescaler 
is not readable or writable. 

FIGURE 5-10: TIMERO TIMING WITH EXTERNAL CLOCK 

:~1~1~1~:~1~1~1~:~1~1~1~:~1~1~1~: 
EXT CLOCK INPUT OR 1 Si:nall pulse 1 • 

PRESCALER OUT (NOTE 2) misses sampling 

EXT CLOCK/PRESCALER 
OUTPUT AFTER SAMPLING 

INCREMENT TMRO (04) ,.___ _____ ..____ ___ _, 

TMRO 
Notes: 

t 

1. Delay from clock input change to TMRO increment is 3 tosc to 7 lose. (Duration of Q = tosc). 
Therefore, the error in measuring the interval between two edges on TMRO input = ± 4 lose max. 

2. External clock if no prescaler selected, Prescaler output otherwise. 
3. The arrows indicate the points in time where sampling occurs. 

FIGURE 5-11: BLOCK DIAGRAM OF THE TMRO/WDT PRESCALER 

CLKOUT (=Fosc/4) 

WATCH 
DOG 

TIMER 

WOT ENABLE 
EPROM FUSE 
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WOT 
TIMEOUT 

M 
u 
x 

PSO-PS2 

PSA 

DATA BUS 

RTCC (11) 

SETTOIF 
INTERRUPT 

ON OVERFLOW 

NOTE: RTE, ATS, PSA, PSO-PS2 
ARE BITS IN THE OPTION REGISTER. 
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5.4.3.1 SWITCHING PRESCALER ASSIGNMENT 

The prescaler assignment is fully under software con
trol, i.e., it can be changed 'on the fly' during program 
execution. To avoid an unintended device RESET, the 
following instruction sequence (shown in Example 5-2) 
must be executed when changing the prescaler assign
ment from TMRO to WDT. Depending on the selected 
prescaler value (lines 2 and 3) determines if lines 9 and 
10 are required: 

EXAMPLE 5-2: CHANGING PRESCALER 
(TMRO~WDT) 

1. BCF STATUS, RPO ;Bank 0 
2. CLRF TMRO ;Clear TMRO 
3. BSF STATUS, RPO ;Bank 1 
4. CLRWDT ;Clears WOT and 

prescale 
5. MOVLW B • xxxxlxxx • ;Select new prescale 
6. MOVWF OPTION value 
7. BCF STATUS, RPO ;Bank O 

TABLE 5-5: SUMMARY OF TMRO REGISTERS 

Register Name Function 

TMRO Timer/counter register 

OPTION Configuration and prescaler assignment 
bits for TMRO. See Figure 4-4 

PIC16C71 

Steps 2 and 3 are only required if an ex1emal TMRO 
source is used. Steps 9 and 1 o are necessary only if the 
desired prescale value is '000' or '001'. 

To change prescalerfrom the WDTto the TMRO module 
use the sequence shown in Example 5-3. This precau
tion must be taken even if the WDT is disabled. 

EXAMPLE 5·3: CHANGING PRESCALER 
(WDT~TMRO) 

1. CLRWDT ;Clear WOT and 
;prescaler 

2. BSF STATUS, RPO 

3. MOVLW B'xxxx0xxx' Select TMRO, new 
prescale value and 
clock source 

4. MOVWF OPTION 

5. BCF STATUS, RPO 

Address Power-on Reset Value 

01h xxxx xx xx 
81h 1111 1111 

INTCON TMRO overflow interrupt flag and mask bits OBh 0000 OOOX 
See Figure 4-5 

TABLE 5-6: REGISTERS ASSOCIATED WITH TMRO 

Address Name 

01 TMRO 

OB/SB INTCON 

81 OPTION 

85 TRISA 

Legend - = Unimplemented locations, Read as 'O' 
Shaded boxes are not used by TMRO module. 

© 1994 Microchip Technology Incorporated lP IT'®~ o ITDD o mi~ IT'W 
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5.5 OPTION Register 

The OPTION register (address 81h) is a readable and 
writable register which contains various control bits to 
configure the prescaler, the external INT interrupt, the 
TMRO and the weak pull-ups on PORTS. 

FIGURE 5.12- OPTION REGISTER 

R/W R/W R/W R/W R/W R/W R/W 
PORVALUE: FRI P#J: Readable & writable 

R/W 

[Re@° INTEoGJ RTSJ RTE} PsAJ Ps2} Ps1J Pso] 
'-

DS30150E-page 30 

bitO ADDA: 81h R read onl 
J 

PRESCALER VALUE TMRORATE WDTRATE 

0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
1 
1 

Prescaler assignment bit: 
O .... TM RO 

T 1 .... WO 

TMROsig nal edge: 

0 1 : 2 
1 1 : 4 
0 1 : 8 
1 1 : 16 
0 1 : 32 
1 1 : 64 
0 1 : 128 
1 1 : 256 

ement on low-to-high transition on RA4/TOCKI pin 
ement on high-to-low transition on RA4/TOCKI pin 

o .... Iner 
1 .... Iner 

TMROsig nal source: 
0 .... lnte rnal instruction cycle clock (CLKOUT) 

nsition on RA4fTOCKI pin 1 .... Tra 

INT inter 
O .... lnte 

rupt edge select 
rrupt on falling edge 
rrupt on rising edge 1 .... lnte 

PORTB pull-up enable 

1 : 1 
1 : 2 
1 : 4 
1 : 8 
1 : 16 
1 : 32 
1 : 64 
1 : 128 

RBPU = O : PORTB pull-ups are enabled by individual port-latch values 
RBPU = 1 : PORTB pull-ups are disabled overriding any port latch value 
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5.6 A/D converter 

The ND converter module has four analog input chan· 
nels multiplexed into one sample and hold and AID 
converter. Reference voltage VREF can come externally 
on RA3/AIN3/VREF pin or internally from Voo. The 
converter itself is a successive approximation type and 
produces an B·bit result in the ADRES register (f09h). A 
CODllel'Sion is initiated by setting a control bit (GO/ 
DONE, ADCON<2>). Prior to starting conversion, the 
appropriate channel must be selected and enough time 
allowed for sampling. The conversion time is a function 
of the oscillator cycle. The minimum conversion time 
requir.ed is 20µs. At the end of conversion the GO/ 
DONE bit is cleared and the ND flag interrupt is set 
(ADIF). The overall accuracy (zero error, full scale error, 
integral error and quantization error) is less than ±1 LS6 
for Voo = 5.12V and VREF = Voo. The resolution and 
accuracy is less when VREF is less than Voo or for Voo 
less than 5.12V (see specifications for details). 

The following steps should be followed in making an ND 
conversion: 
1) Configure register ADCON1 (see Figure 5.14) 

• Selectanalog/digitaVVREF inputs (ADCON1 <1 :0>) 
2) Configure register ADCONO (see Figure 5.13) 

• Select ND conversion clock (ADCON0<7:6>) 
• Select ND channel (ADCON<4:3>) 
• Tum on ND module (ADCONO<O>) 

3) Configure ND interrupt (if required) 
• Clear ADIF (ADCON0<1>) 
• Set ADIE (INTCON<6>) 
• Set global interrupt GIE (INTCON<7>) 

PIC16C71 

4) Start conversion 

• Set GO/DONE bit (ADCON0<27>) 
Example: 

Configure RAO and RA 1 as analog inputs, VREF = Voo, 
RA2 and RA3 as digital inputs, use ND interrupt, internal 
RC clock. 

8SF STATUS,5 ;select page 1 

MOVLW 000000108 ;configure A/D inputs 

MOVWF ADCONl ;configure A/D inputs 

BCF STATUS,5 ;select page 0 

MOVLW 110000018 ;CHO = on, clear ADIF 

MOVWF ADC ONO ;tad = tRC 

MOVLW 11XXXXXX8 ;enable A/D interrupts 

MOVWF INTCON ;and global INT 

8SF ADCON0,2 ;start conversion 

Note: The GO/DONE bit should not be set in the same 
instruction which turns on the ND. 

Example: 

Wrong: 
MOVLW 
MOVWF 

Correct: 
MOVLW 
MOWF 
6SF 

6'11000111' 
ADCONO 

6'11000011' 
ADCONO 
ADCON0,2 

FIGURE 5.13 -AID CONTROL AND STATUS REGISTER (ADCONO, ADDRESS 08h) 

R/W R/W R/W R/W R/W R/W R/W R/W 
Address: 08h 
Reset value: OOh 

R/W: Readable & 
writable 

[ ADcs1J ADCsoI Reserve~ CHs1I CHSO J GO/DONE I ADIF J ADON J 
[b1t 

R: Readonly 
U: Unused, 

@1994 Microchip Technology Incorporated [F) IT'®~ o ITiJU o [Ji) EID IT'W 
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reads as'O' 

ADON = O AID converter module is shut off 
and consumes no operating current. 

ADON = 1 AID converter module is operating. 
AID conversion complete interrupt flag bit. 
Set when conversion is completed. Reset in 
software. 

I 
GO/DONE must be set to begin a conversion. 
t is automatically reset in hardware when the 

conversion is complete. 
Analog channel select: 
CHS1, CHSO = 00: channel 0 (AINO) 

01 : channel 1 (AIN 1) 
10: channel 2 (AIN2) 
11: channel 3 (AIN3) 

Reserved; can be used as a general purpose 
eadlwrlte bit, but not recommended for upward 

compatibility. 
r 

AID conversion clock select: 
ADCS1, 0 = 00: fosc/2 

01: fosc/8 
10: fosc/32 
11: !RC (clock is derived 

from internal RC 
oscillator) 
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5.6.1 NP CLOCKING SCHEME 

The ND converter' operates on its own clock, tad, 
derived from eitherthe OSC1 clock input or from its own 
on-chip RC oscillator as follows: 

Control bit tad (must be > 2 µs) 
ADCS1, ADCSO 

00 2tosc 
01 Btosc 

10 32 tosc 
11 tRC (2µs-6µs, 4µs nominal) 

The conversion time for each bit is tad. The total 
conversion time is 1 Otad. Selection must be made such 
that tad is at least 2 µs. 

At low frequencies, the RC oscillator can be selected to 
maintain shorter conversion time. The RC oscillator 
frequency varies considerably with voltage, tempera
ture and process parameters (2µs to 6µs period, nomi
nally 4µs). 

5.6 2 NP OPERATION DURING SLEEP 

To reduce operating current all biasing circuits in the 
ND block that consume DC current are shut off when 
ADON bit is a 'O'. If a conversion is in progress using RC 
oscillator, it will be completed. The ADIF interrupt flag bit 
will be set and the chip will wake up if the ADIE interrupt 
enable bit is a '1'. Since, during SLEEP, the switching 
noise is eliminated, the conversion accuracy will be the 
maximum possible. This provides a means for getting 
accurate conversions while operating the processor at 
high clock rates. 

If SLEEP is invoked during a conversion that uses OSC1 
clock, the conversion will be aborted. The ND converter 
will be shut off. The user must re-initialize the conver
sion, starting with resampling. 

Aside from the 'GO" and 'ADIF", all configuration bits 
change only when written to. In ND RC mode, conver
sion will wait one instruction cycle after GO bit has been 
set. This is to allow the processor to execute a sleep 
instruction before conversion is started. 

FIGURE 5.14 -AID CONTROL REGISTER (ADCON1, ADDRESS 88h) 

u u u u u u R/W R/W 

r - T - 1 - I - T - T - jPcFG1I PCFGo l Address: 08h R/W: Readable & 
PORvalue: OOh writable 

fCEW.J2 BAQ...BA1 .BA2. .BAa llm. 
bitO R: Read only 

U: Unimplemented, 
00 analog inputs analog Input analog input Voo reads as'O' 
01 analog inputs analog input rel input RA3 
10 analog inputs digital VO digital VO Voo 
11 digital VO digital VO digital 1/0 Voo PCFG1, O configures the RAO-RA3 pins in 

various modes: 
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5.6 3 ANALOG INPUT CONNECTION 
CONSIDERATIONS 

A simplified circuit for an analog input is shown in Figure 
5.15. First, the user must configure the TRISA register 
such that the analog pins are configured as inputs. 
Second, since the analog pins are connected to digital 
output, they have reverse biased diodes to Voe and Vss. 
The analog input, therefore must be between Vss and 
Voe. If input voltage deviates from this range by more 
than 0.6V in either direction, one of the diodes is forward 
biased and a latch-up may occur. A maximum source 
impedance of 101<.Q is recommended for the analog 
sources. At this impedance, the maximum possible 
error caused by the leakage current is ±5 mV or ±0.25 
LSB at Voe= VREF = 5V (101<.Q x 0.5 µA). 

The other reason to limit the maximum source imped
ance is to be able to capture the analog input voltage on 
to the holding capacitor. The time constant to charge 
Chold is (see Figure 5.15): 

FIGURE 5.15 - ANALOG INPUT MODEL 

Voo 

VT=0.6V 

VT=0.6V 

PIC16C71 

Chold (Ric + Rss + Rs) where Rs = source 
impedance 

= 51.2 pF (21<.Q +Rs) Ric + Rss .. 21<.Q 

.. 51.2 pF x 121<.Q (assuming RS= 101<.Q) 

0.6144µs=T 

from the capacitive charging equation: 

Vhold =VA (1-e-tll) 

for 1/8 LSB error at VDD = 5V 
.fir 2.5mV 

e = 5000mV 
or t = 7.6T = 4.67µs (required sampling time) 

External RC filter is sometimes added for anti-aliasing. 
Once again, the value of the R should be such that the 
total source impedance is kept under 1 OK.Cl. Any exter
nal component connected to an analog input pin, such 
as a capacitor or a zener diode, should have very little 
leakage current. 

Ileakage 
±SOOnA 

Vss 

Legend Cpin = input capacitance 
VT = threshold voltage 
!leakage = leakage current at the pin due to various junctions 
Ric = interconnect resistance 
Rss = on resistance of the switch 
SS = sampling switch 
Chold =sample/hold capacitance (from DAC) 
Rs = source impedance of the analog input 
VA =analog input voltage 
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5.6.4 $AMPLE AND HOLD (SIH) 

The sample and hold circuit consists of a sampling 
switch SS (Figure 5, 15) and the S/H capacitor whose 
value is typically 51 pF. 

As long as ADON control bit is '1' (bit o, ADCON O) and 
a valid analog input channel is selected, the input will be 
continuously sampled. There is no command to start or 
stop sampling. When a conversion is started, sampling 
is ended and conversion begins on the voltage across 
the S/H capacitor. The sample and hold, therefore can 
be more accurately described as 'track and hold'. 

After a conversion is completed, sampling begins after 
a delay of 2tad. (tad= AID conversion clock). The user 
must keep this in mind when allowing for adequate 
sampling time. 

5.6.5 TRANSFER FUNCTION 

The ideal transfer function of the AID converter is as 
follows: The first transition occurs when input voltage 
{VA) is 1 LSB (or full scale/256). Figure 5.16shows the 
ideal transfer function. 

5.6.6 SUMMARY OF AID REGISTERS 

Register name/bits Function Addren 

ADRES AID result r~ster 09h 
ADCONO AID control and 

status r~ster 08h 
ADCON1 AID control register 88h 
IN-re-ON (bit A1l1E) Interrupt contrm register OBh 

FIGURE 5.16 -TRANSFER FUNCTION 

Ffh -------------------·-------------~---------: 

FEh --------------------------------------- .... L .. 
' ' ' ' : : ]I: .. 

02h 

01h 

i~ 
~~ ~ ~ 9 ~I 
~ - "' Analog Input ~ ~ ;g_ 

voltage 

FIGURE 5.17-A/D CONVERSION TIMING DIAGRAM 

' ' --+: tad :----
' ' 

ADC DATA 

Go_j DONE 

SAMPLE SAMPLING STOPPED 

1. For AID RC mode, this edge is delayed by one instruction cycle to allow the processor to execute a sleep instruction. 
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6.0 INSTRUCTION SET SUMMARY 

Each PIC16C71 instruction is a 14-bit word divided into 
an OPCODE which specifies the instruction type and 
one or more operands which further specify the opera
tion of the instruction. The PIC16C71 instruction set 
summary in Table 6.2 lists byte-oriented, bit-oriented, 
and literal and control operations. Table 6.1 shows the 
opcode field descriptions. 

For byte-oriented instructions, 'f' represents a file regis
ter designator and 'd' represents a destination designa
tor. The file register designator specifies which file 
register is to be utilized by the instruction. 

The destination designator specifies where the result of 
the operation is to be placed. If "d' is zero, the result is 
placed in the W register. If "d" is one, the result is placed 
in the file register specified in the instruction. 

For bit-oriented instructions, "b" represents a bit field 
designator which selects the number of the bit affected 
by the operation, while "f" represents the number of the 
file in which the bit is located. 

For literal and control operations, "k' represents an eight 
or eleven bit constant or literal value. 

TABLE 6.1 - OPCODE FIELD 
DESCRIPTIONS 

Field Description 

f Register file address (OxOO to Ox7F) 
w Working register (accumulator) 
b Bit address within an 8-bit file register 
k Literal field, constant data or label 
x Don't care location(= O or 1) 

The assembler will generate code with x = 
0. It is the recommended form of use for 
com_JJ_atibi~ with all software tools. 

d Destination select; d = 0: store result in W, 
d = 1: store result in file register f. 
Default is d = 1 

label Label name 
TOS Top of Stack 
PC Pr~am Counter 

PCLATH Pr~am Counter High Latch 
GIE Global Interrupt Enable Bit 
WDT Watchdog Timer Counter 
TO Time-out Bit 
PD Power-down Bit 

dest Destination either the W register or the 
specified register file location 

[ l Options 
( ) Contents 
~ Assigned to 

< > Register bit field 
E In the set of 

italict User defined term 

PIC16C71 

The instruction set is highly orthogonal and is grouped 
into three basic categories: 

Byte oriented operations 
Bit oriented operations 
Literal and control operations 

All instructions are executed within one single instruc
tion cycle, unless a conditional test is true or the program 
counter is changed as a result of an instruction. In this 
case, the execution takes two instruction cycles with the 
second cycle executed as a NOP. One instruction cycle 
consists of four oscillator periods. Thus, for an oscillator 
frequency of 4 MHz, the normal instruction execution 
time is 1 µsec. If a conditional test is true or the program 
counter is changed as a result of an instruction, the 
instruction execution time is 2 µsec. 

Table 6.2 lists the instructions recognized by the MPASM 
assembler. 

Figure 6.1 shows the three general formats that the 
instructions can have. 

All examples use the following format to represent a 
hexidecimal number: 

Oxhh 
where h signifies a hexidecimal digit. 

FIGURE 6.1 - GENERAL FORMAT FOR 
INSTRUCTIONS 

Byte-oriented file register operations 
13 8 7 6 0 

OPCODE I d I !(FILE#) 
d = O for destination W 
d = 1 for destination I 
I= 7-bit file register address 

Bit-oriented file register operations 

13 10 9 7 6 0 

I OPCODE I b(BIT #) I f(FILE #) 
b = 3-bit bit address 
I= 7-bit file register address 

Literal and control operations 

13 6 7 0 

I OPCODE k (LITERAL) 

k = 8-bit immediate value. 
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TABLE 6.2 - INSTRUCTION SET 

Mnemonic, Description Cycles 14-BH OJ!_Code Status Notes 
Operands msb lsb Affected 

BYTE-ORIENTED FILE REGISTER OPERATIONS 

AODWF f, d Add Wand f 1 00 0111 dfff ffff C, DC,Z 1, 2 
ANDWF f, d ANDWandf 1 00 0101 dfff ffff z 1, 2 
CLRF f Clear f 1 00 0001 lfff ffff z 2 
CLRW - Clearw 1 00 0001 Oxxxxxxx z 
COMF f, d Complement f 1 00 1001 dfff ffff z 1, 2 
OECF I, d Decrement f 1 00 0011 dfff ffff z 1, 2 
DECFSZ f, d Decrement f, Skip if 0 1 (2) 00 1011 dfff ffff 1, 2, 3 
INCF f, d Increment f 1 00 1010 dfff ffff z 1, 2 
INCFSZ f, d Increment f, Skip if 0 1 (2) 00 1111 dfff ffff 1, 2, 3 
IORWF f, d Inclusive OR Wand f 1 00 0100 dfff ffff z 1, 2 
MOVF f, d Move f 1 00 1000 dfff ffff z 1, 2 
MOVWF I Move Wto f 1 00 0000 lfff ffff 
NOP - No Operation 1 00 0000 OxxO 0000 
RLF f, d Rotate left f through carry 1 00 1101 dfff ffff c 1, 2 
RRF f, d Rotate right I through carry 1 00 1100 dfff ffff c 1, 2 
SUBWF f, d Subtract W from I 1 00 0010 dfff ffff C, DC,Z 1, 2 
SWAPF f, d Swap halves I 1 00 1110 dfff ffff 1, 2 
XORWF f, d Exclusive OR W and f 1 00 0110 dfff ffff z 1, 2 

BIT-ORIENTED FILE REGISTER OPERATIONS 

BCF f, b Bit Clear f 1 01 OObb bfff ffff 1, 2 
BSF f, b Bit Set I 1 01 Olbb bfff ffff 1, 2 
BTFSC f, b Bit Test f, Skip ii Clear 1 (2) 01 lObb bfff ffff 3 
BTFSS I, b Bit Test f, Skip if Set 1 (2) 01 llbb bfff ffff 3 

LITERAL AND CONTROL OPERATIONS 

ADDLW k Add literal to W 1 11 lllx kkkk kkkk C,DC,Z 
ANDLW k AND literal to W 1 11 1001 kkkk kkkk z 
CALL k Call subroutine 2 10 Okkk kkkk kkkk --
CLRWDT - Clear watchdog timer 1 00 0000 0110 0100 TO,PD 
GOTO k Go to address 2 10 lkkk kkkk kkkk 
IORLW k Inclusive OR literal to W 1 11 1000 kkkk kkkk z 
MOVLW k Move literal to W 1 11 ooxx kkkk kkkk 
RETFIE - Return from interrupt 2 00 0000 0000 1001 
RETLW k Return with literal in W 2 11 Olxx kkkk kkkk 
RETURN - Return from subroutine 2 00 0000 0000 1000 
SLEEP - Go into standby mode 1 00 0000 0110 0011 TO,PD 
SUBLW k Subtract W from literal 1 11 llOx kkkk kkkk C, DC,Z 
XORLW k Exel. OR literal to W 1 11 1010 kkkk kkkk z 

Notes: 1. When an 1/0 register is modttied as a function of itself ( e.g. MOVF Port B, 1 ), the value used will be that value present on the 
pins themselves. For example, if the data latch is '1" for a pin configured as input and is driven low by an external device, the 
data will be written back with a 'O'. 

2. If this instruction is executed on the RTCC register (and, where applicable, d=1 ), the prescaler will be cleared if assigned to 
theRTCC. 

3. If Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The second cycle is 
executed as a NOP. 
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6.1 Instruction Descriptions 

ADDLW 

Syntax: 

Operands: 

Operation: 

Add Literal to W 

[label] ADDLW k 

Os;ks;255 

(PC) + 1 -4 (PC) 
(W)+k-4W 

Status Affected: C, DC, Z 
Encoding: -, _1_1_l _11_1_x_l_kk_k_k_l_k_k_kk-

Description: 

Words: 

Cycles: 

Example: 

ADDWF 

Syntax: 

Operands: 

Operation: 

The contents of the W register are 
added to the 8-bit literal "k" and the 
result is placed in the W register. 

1 

ADDLW Ox15 

Before Instruction 
W = Ox10 

After Instruction 
W = Ox25 

ADDWtof 

[label] ADDWF f,d 

Os;fs; 127 
d E (0,1] 

(W) + (f) -4 (dest) 

Status Affected: C, DC, Z 
Encoding: -, _o_o_J-o1_1_1_J_a_f f_f_j_f_f_ff_ 

Description: 

Words: 

Cycles: 

Example: 

Add the contents of the W register to 
register "I". If "d" is O the result is 
stored in the W register. If "d" is 1 the 
result is stored back in register"!". 

1 

ADDWF FSR, 0 

Before Instruction 
W = Ox17 
FSA = OxC2 

After Instruction 
W OxD9 
FSA = OxC2 

ANDLW 

Syntax: 

Operands: 

Operation: 

PIC16C71 

AND Literal and W 

[label] ANDLW k 

Os;ks;255 

(W) .AND. (k)-+ W 

Status Affected: Z 

Encoding: I 11 J 1001 I kkkk I kkkk 

Description: 

Words: 

Cycles: 

Example: 

ANDWF 

Syntax: 

Operands: 

The contents of W register are AND'ed 
with the 8-bit literal "k". The result is 
placed in the W register. 

1 

1 

ANDLW Ox5F 

Before Instruction 
W = OxA3 

After Instruction 
W = Ox03 

AND Wwithf 

[label] ANDWF f,d 

Os;fs;127 
d E (0, 1] 

Operation: (W) .AND. (f) -+ dest 

Status Affected: Z 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

oo I 0101 I dfff ffff 

AND the W register with register "I". If 
"d" is 0 the result is stored in the W 
register. If "d" is 1 the result is stored 
back in register"!". 

ANDWF FSR, 1 

Before Instruction 
W = Ox17 
FSA= OxC2 

After Instruction 
W Ox17 
FSA= Ox02 
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BCF BltClearf 

Syntax: [label] BCF f,b 

Operands: o:s:f:s; 121 
O:S:b:S:7 

Operation: 0 --+ f<b> 

Status Affected: None 

Encoding: I 01 I OObb I bfff I ffff 
Description: Bit "b" in register T is reset to O. 

Words: 1 

Cycles: 

Example: BCF FLAG_REG, 7 

Before Instruction 
FLAG_REG= OxC7 

After Instruction 
FLAG_REG= Ox47 

BSF Bit Set f 

Syntax: [label] BSF f,b 

Operands: O:s;f :s; 127 
0:S:b:S:7 

Operation: 1 --+ f<b> 

Status Affected: None 
Encoding: ,...I _0_1__,l_o_1_b_b-.--b-f_f_f..,.l _f_f_f f__, 

Description: 

Words: 

Cycles: 

Example: 

Bit "b" in register T is set to 1. 

1 

BSF FLAG_REG, 7 

Before Instruction 
FLAG_REG = OxOA 

After Instruction 
FLAG_REG = Ox8A 

BTFSC 

Syntax: 

Operands: 

Bit Test. skip if Clear 

[label] BTFSC f,b 

o:s:f :s; 121 
O:S:bS7 

Operation: skip if (f<b>) = O 

Status Affected: None 
Encoding: ~I -o-1~l-1_o_b_b-.-l _b_f_ff~l-f-f-ff~ 

Description: 

Words: 

Cycles: 

Example: 

BTFSS 

Syntax: 

Operands: 

If bit 'b' in register 'f is 'O' then the next 
instruction is skipped. 

If bit 'b' is 'O', the next instruction, 
fetched during the current instruction 
execution, is discarded and a NOP is 
executed instead making this a two
cycle instruction. 

1 

1(2) 

HERE BTFSC FLAG,l 
FALSE GOTO PROCESS_CODE 
TRUE 

Before Instruction 
PC = address HERE 

After Instruction 
if FLAG<1> = 0, PC = address TRUE 

if FLAG <1> - 1, PC =address FALSE 

Bit Test. skip if Set 

[label] BTFSS f,b 

0SfS127 
O:S:b:S:7 

Operation: skip if (f<b>) = 1 

Status Affected: None 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

1 01 I 11bb I bfff I ffff 
If bit "b" in register T is •1• then the 
next instruction is skipped. 

If bit "b' is •o•, the next instruction, 
fetched during the current instruction 
execution, is discarded and a NOP is 
executed instead making this a two
cycle instruction. 

1 

1 (2) 

HERE BTFSC FLAG,l 

FALSE GOTO PROCESS_CODE 
TRUE 

Before Instruction 
PC = address HERE 

After Instruction 
if FLAG<1> = 0, PC = address FALSE 
if FLAG <1 > - 1,PC = address TRUE 
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CALL Subroutine Call 

Syntax: [ label] CALL k 

Operands: OS:kS:2048 

Operation: (PC) + 1 .-+ TOS, 
k .-+ PC<10:0>, 
(PCLATH<4:3>)-+ PC<12:11>; 

Status Affected: None 
Encoding: .-I _1_0__,.l-ok_k_k....,l-kk_k_k~l-k-kk-k~ 

Description: 

Words: 

Cycles: 

Example: 

CLRF 

Syntax: 

Subroutine call. First, return address 
(PC+ 1) is pushed onto the stack. The 
11-bit immediate address is loaded 
into PC bits <10:0>. The upper bits of 
the PC are loaded from PCLATH (!03). 
CALL is a two-cycle instruction. 

1 

2 

HERE CALL THERE 

Before Instruction 
PC = Address HERE 

After Instruction 
PC = Address THERE 

TOS = Address HERE 

Clearf 

[ label] CLRF 

Operands: O s; f s; 127 

Operation: OOh .-+ f 

Status Affected: Z 
Encoding: .-I _o_o__,.l-00_0_1....,l_lf_f_f....,l_f_f f-f~I 

Description: The contents of register"f' are cleared. 

Words: 

Cycles: 

Example: CLRF FLAG_REG 

Before Instruction 
FLAG_REG = Ox5A 

Alter Instruction 
FLAG_REG = OxOO 

CLAW 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

CLRWDT 

Syntax: 

Operands: 

Operation: 

PIC16C71 

Clear W Register 

[ label] CLAW 

None 

OOh .-+ (W), 1 .-+ Z 

z 
I oo I 0001 I oxxx I xxxx I 
W registered is cleared. Zero bit (Z) 
is set. 

CLRW 

Before Instruction 
W = Ox5A 

After Instruction 
w oxoo 
z = 1 

Clear Watchdog Timer 

[ label] CLRWDT 

None 

OOh .-+WDT, 
O -+ WOT prescaler, 
1.-+TO 
1 .-+PD 

Status Affected: TO, PD 
Encoding: ,.---o-o--rl-oo-o-o....,l-o-11-o~l.---0-1-00.....,I 

Description: 

Words: 

Cycles: 

Example: 

CLRWDT instruction resets the 
Watchdog Timer.It also resets the 
prescaler of the WOT. Status bits TO 
and PD are set. 

CLRWm' 

Before Instruction 
WOT counter = ? 

After Instruction 
WOT counter = OxOO 
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COMF 

Syntax: 

Operands: 

Complement f 

[label] COMF f,d 

OSfS 127 
d E (0,1) 

Operation: (ij -> (des!) 

Status Affected: Z 

Encoding: I oo I 1001 I dfff I ffff I 
Description: 

Words: 

Cycles: 

Example: 

DECF 

Syntax: 

Operands: 

The contents of register "f' are comple
mented. If "d" is O the result is stored 
in W. If "d" is 1 the result is stored back 
in register "f'. 

1 

1 

COMF REGl, 0 

Before Instruction 
REG1 = OxA5 

After Instruction 
REG1 = OxA5 
W = Ox5A 

Decrement f 

[label] DECF f,d 

Osfs 121 
d E (0,1) 

Operation: (f)-1 -> (dest) 

Status Affected: Z 
Encoding: .-I _o_o___,.1-o 0_1_1_,l.---a-f f-f-,.---f-f f-f_,I 

Description: 

Words: 

Cycles: 

Example: 

Decrement register "f'. If "d" is O the 
result is stored in the W register. If "d" 
is 1 the result is stored back in register 
"f'. 

DECF CNT, 1 

Before Instruction 
CNT = Ox01 
z = 0 

After Instruction 
CNT = OxOO 
z = 1 

DECFSZ 

Syntax: 

Operands: 

Decrement f, skip if 0 

[label] DECFSZ f,d 

Osfs 127 
d E (0,1) 

Operation: (f) - 1 -> d; skip if result = O 

Status Affected: None 
Encoding: .-I _o_o___,.j-10_1_1...,.l-df_f_f...,.l-f f-f-f~I 

Description: 

Words: 

Cycles: 

Example: 

GOTO 

Syntax: 

Operands: 

Operation: 

The contents of register "f' are decre
mented. If "d" is O the result is placed 
in the W register. If "d" is 1 the result 
is placed back in register "f'. 

If the result is 0, the next instruction, 
which is already fetched, is discarded. 
A NOP is executed instead making it 
a two-cycle instruction. 

1 

1 (2) 

HERE DECFSZ CNT, 1 
GOTO LOOP 

CONTINUE I 

Before Instruction 
PC = address HERE 

After Instruction 
CNT=CNT-1 
H CNT = 0, PC = address CONTINUE 
if CNT-¢ 0, PC = address HERE + 1 

Unconditional Branch 

[ label] GOTO k 

0SkS2048 
d E (0,1) 

k-> PC<10:0>, 
(PCLATH<4:3>)-> PC<12:11> 

Status Affected: None 

Encoding: I 10 I lkkk I kkkk I kkkk I 
Description: 

Words: 

Cycles: 

Example: 

GOTO is an unconditional branch. 
The 11-bit immediate value is loaded 
into PC bits <10:0>. The upper bits of 
PC are loaded from PCLATH <4:3>. 
GOTO is a two-cycle instruction. 

1 

2 

GOTO THERE 

After Instruction 
PC = Address of THERE 
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INCF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

INCFSZ 

Syntax: 

Operands: 

Increment f 

[label) INCF f,d 

O::>f::> 127 
d E (0,1) 

(f) + 1 ~ (dest) 

z 
I oo I 1010 I dfff I ffff 
The contents of register "I" are incre
mented. If "d" is O the result is placed 
in the W register. If "d" is 1 the result 
is placed back in register "I". 

INCF CNT 1, 

Before Instruction 
CNT = OxFF 
z = 0 

After Instruction 
CNT = OxOO 
z = 1 

Increment f, skip if 0 

[label] INCFSZ f,d 

O::>f::> 127 
d E [0,1) 

Operation: (f) + 1 ~ (dest), skip if result= O 

Status Affected: None 
Encoding: .-I _o_o___,l_11_1_1_,l,--a_ff_f__,l,_-f-ff-f....,I 

Description: 

Words: 

Cycles: 

Example: 

The contents of register "I" are incre
mented. If "d" is O the result is placed 
in the W register. If "d" is 1 the result 
is placed back in register "I". 

If the result is 0, the next instruction, 
which is already fetched, is discarded. 
A NOP is executed instead making it 
a two-cycle instruction. 

1 (2) 

HERE INCFSZ 

GOTO 
CONTINUE • 

Before Instruction 
PC = address HERE 

After Instruction 
CNT=CNT-1 

CNT, 1 

LOOP 

if CNT = 0, PC = address CONTINUE 
if CNT * 0, PC = address HERE + 1 

IORLW 

Syntax: 

Operands: 

PIC16C71 

Inclusive OR Literal with W 

[label) IORLW k 

O::> k::>255 

Operation: (W) .OR. (k) ~ (W) 

Status Affected: Z 
Encoding:!~ -1-1---.l-10_0_0~1-kk_k_k__,l,_-k-kk_k....,I 

Description: 

Words: 

Cycles: 

Example: 

IORWF 

Syntax: 

The contents of the W register are 
OR'ed with the eight bit literal "k". The 
result is placed in the W register. 

IORLW Ox35 

Before Instruction 
W = Ox9A 

After Instruction 
W = OxBF 

Inclusive OR W with f 

[label] IORWF f,d 

Operands: O::;; f::;; 127 
d E (0,1) 

Operation: (W) .OR. (f) ~ (dest) 

Status Affected: Z 
Encoding: ~, -o-o__,l_o_1_00_,...l _a_f_f_f-rl-ff_f_f..,I 

Description: 

Words: 

Cycles: 

Example: 

Inclusive OR the W register with reg
ister"!". If "d" is O the result is stored 
in the W register. If "d" is 1 the result 
is stored back in register "I". 

IORWF RESULT, 0 

Before Instruction 
RESULT= Ox13 
W = Ox91 

After Instruction 
RESULT= Ox13 
W = Ox93 
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MOVLW 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

MOVF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

Move Literal to W 

[label] MOVLW k 

Os;ks;255 

k~(W) 

None 

I 11 I ooxx I kkkk I kkkk I 
The eight bit literal "k" is loaded into W 
register. 

MOVLW Ox5A 

After Instruction 
W = Ox5A 

Movef 

[label] MOVF 

Osfs 127 
d E (0,1) 

(f) ~ (dest) 

z 
oo I 1000 I 

f,d 

dfff I ffff I 
The contents of register f is moved to 
destination d. If d=O, destination is W 
register. If d = 1, the destination is file 
register f itseH. d = 1 is useful to test 
a file register since status flag Z is 
affected. 

MOVF FSR, 0 

After Instruction 
W = value in FSA register 

MOVWF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

NOP 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 
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MoveWtof 

[label] MOVWF 

Os;fs; 127 

(W)~(f) 

None 

00 I 0000 I lfff I ffff 
Move data from W register to register 
"f". 

MOVWF OPTION 

Before Instruction 
OPTION = OxFF 
W Ox4F 

After Instruction 
OPTION Ox4F 
W Ox4F 

No Oe!!ration 

[label] NOP 

None 

No operation 

None 

00 I 0000 I OXXO I 
No operation 

1 

NOP 

ooooi 
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RETFIE 

Syntax: 

Operands: 

Operation: 

Return from Interrupt 

[label] RETFIE 

None 

TOS~ PC, 
1 ~ GIE; 

Status Affected: None 
Encoding: ~I -o-o---.l_o _o o-o.....,lr-o-o o-o-.-1 -1-0-o1.....,I 

Description: 

Words: 

Cycles: 

Example: 

Return from Interrupt. Stack is 
popped and Top of the Stack (TOS) 
is loaded in PC. Interrupts are en
abled by setting the GIE bit. GIE is 
the global interrupt enable bit (IN
TCON<7>). This is a two-cycle 
instruction. 

2 

RETFIE 

After Interrupt 
PC = TOS 
GIE = 1 

RETLW 

Syntax: 

Operands: 

Operation: 

PIC16C71 

Return Literal to W 

[label] RETLW k 

O~k~255 

k ~W; TOS ~PC; 

Status Affected: None 
Encoding: ~I -1-1~l-0_1_x_x.....,l_k_k_k_k.....,lr-kk_k_k.....,I 

Description: 

Words: 

The W register is loaded with the 
8-bit literal "k". The program counter 
is loaded from the top of the stack (the 2 return address). This is a two-cycle 
instruction. 

Cycles: 2 

Example: 

CALL TABLE ; W contains table offset 

TABLE ADDWF PC 
RETLW kl 
RETLW k2 

RETLW kn 

RETURN 

Syntax: 

Operands: 

; value 
; W now has table value 

w = offset 
Begin table 

; End of table 

Before Instruction 
W = Ox07 

After Instruction 
W = value of k7 

Return from Subroutine 

[ label] RETURN 

None 

Operation: TOS ~ PC; 

Status Affected: None 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

I oo I 0000 0000 1000 
Return from subroutine. The stack is 
popped and the Top Of the Stack 
(TOS) is loaded into the program 
counter. This is a two-cycle 
instruction. 

2 

RETURN 

After Interrupt 
PC = TOS 
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RLF 

Syntax: 

Operands: 

Operation: 

Rotate Left f through Carry 

[label] RLF 

osfs 121 
de [0,1] 

f,d 

kn>~ d<n+1>, k7> ~ C, C ~ 
d<O>; 

Status Affected: C 
Encoding: .-I -0-0---,--11-0_1_,l_d_f f-f-ilr--f-f f-f....,I 

Description: 

Words: 

Cycles: 

Example: 

RRF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

The contents of register "I" are rotated 
one bit to the left through the Carry 
Flag. If "d" is 0 the result is placed in 
the W register. If "d" is 1 the result is 
stored back in register"!". 

c@-i register I h 

RLF REGl, 0 

Before Instruction 
REG1 = 11100110 
c = 0 

After Instruction 
REG1 11100110 
w 11001100 
c 1 

Rotate Right f through Carry 

[label] RRF f,d 

OSfS 127 
de [0,1] 

kn> ~ d<n-1>, 
kO> ~c. 
c~d<7>; 

c 

I 00 I 1100 I dfff I ffff I 

Description: The contents of register"!" are rotated 
one bit to the right through the Carry 
Flag. If "d" is o the result is placed in 
the W register. If "d" is 1 the result is 
placed back in register"!". 

r-@ register! t, 
Words: 

Cycles: 

Example: RRF REGl, 0 

Before Instruction 
REG1 = 11100110 
c = 0 

After Instruction 
REG1 11100110 
w 01110011 
c 0 

SLEEP 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

SUBLW 

Syntax: 

Operands: 

[label] SLEEP 

None 

OOh~WDT, 

O ~ WOT prescaler 
1 ~TO, 
O~PD 

TO,PD 

I oo I 0000 I 0110 0011 I 

The power down status bit (PD) is 
cleared. Time-out status bit (TO) is 
set. Watchdog Timer and its pres
caler are cleared. 

The processor is put into SLEEP mode 
with the oscillator stopped. See sec
tion on SLEEP mode for more details. 

SLEEP 

Subtract W from Literal 

[label] SUBLW k 

0SkS255 

Operation: k - (W) ~ (W) 

Status Affected: C, DC, Z 
Encoding:j .--1-1~l-11_o_x~-k-kk_k__,.l-k_k_k_k_,I 

Description: 

Words: 

Cycles: 

Example 1: 

Example 2: 

The W register is subtracted (2's 
complement method) from the 8-bit 
literal "k". The result is placed in the W 
register. 

SUBLW OX02 

Before Instruction 
w = 1 
c = ? 

After Instruction 
w = 1 
C = 1 ;result is positive 

Before Instruction 
w = 3 
c = ? 

After Instruction 
W FF 
C = o ;result is negative 
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SUBWF Subtract W from f 

Syntax: [ /abe/) SUBWF f,d 

Operands: Os f s 127 
d E (0,1) 

Operation: (f)-(W) -+ (dest) 

Status Affected: C, DC, Z 
Encoding: .---o-o,.l _o_o 1-o-.j_d_f_f---.-f-f f-f-,1 

Description: 

Words: 

Cycles: 

Example: 

Example 1: 

Example2: 

SWAPF 

Syntax: 

Operands: 

Operation: 

Subtract (two's complement method) 
the W register from register "f'. If "cl" 
is O the result is stored in the W 
register. If "cl" is 1 the result is stored 
back in register "f'. 

1 

SUBLW REGl,l 

Before Instruction 
REG1 = 0 
w = 1 
c = ? 

After Instruction 
REG1 = FF 
w = 1 
C = O ;result is negative 

Before Instruction 
REG1 = FF 
w = 0 
c = ? 

After Instruction 
REG1 FF 
w 0 
C = 1 ;result is positive 

Swapf 

[ /abe/) SWAPF f,d 

0SfS127 
d E (0,1) 

f<0:3> -+ d<4:7>, 
f<4:7> -+ d<0:3>; 

Status Affected: None 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

oo I 1110 I dfff I ff ff 
The upper and lower nibbles of regis
ter "f' are exchanged. If "d" is O the 
result is placed in W register. If "d" is 
1 the result is placed in register "f'. 

1 

SWAPF REG, 0 

Before Instruction 
REG = OxA5 

After Instruction 
REG = OxA5 
W = Ox5A 

XORLW 

Syntax: 

Operands: 

PIC16C71 

Exclusive OR literal with W 

[label] XORLW k 

0SkS255 

Operation: (W) .XOR. k -+ (W) 

Status Affected: Z 
Encoding: ~I -1-1 ~, -1-01-o~l -kk_k_k~l -k-kk-k~I 

Description: 

Words: 

Cycles: 

Example: 

The contents of the W register are 
XOR'ed with the 8-bit literal "k". The 
result is placed in the W register. 

1 

XORLW OxAF 

Before Instruction 
W = OxB5 

After Instruction 
W = Ox1A 
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XORWF Exclusive OR W with f 

Syntax: [label] XORWF f,d 

Operands: O s f s 128 
d E (Q,1) 

Operation: ty{) .XOR. (I) -+ (dest) 

Status Affected Z 
Encoding: ~I _o_o__,.l _o_1_1_0 ..... 1-df_f_f,_,l~f-f_f_f-. 

Description: 

Words: 

Cycles: 

Example: 

Exclusive OR the contents of the W 
register with register T. If "cl" is o the 
result is stored in the W register. If "d" 
is 1 the result is stored back in register 
T. 

XORWF REG, 1 

Before Instruction 
REG = OxAF 
W = OxBS 

After Instruction 
REG Ox1A 
W = OxBS 
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7.0 DEVELOPMENT SUPPORT 

7.1 Development Tools 

The PIC16C5X and PIC16CXX microcontrollers are 
supported with a full range of hardware and software 
development tools: 

• PICMASTER™ Real-Time In-Circuit Emulator 

• PRO MATE™ Universal Programmer 

• PICSTART™ Low-Cost Prototype Programmer 

• Assembler 

• Software Simulator 

7.2 PICMASTER™: High Performance 
Universal In-Circuit Emulator 

The PICMASTER Universal In-Circuit Emulator is in
tended to provide the product development engineer 
with a complete microcontroller design tool set for all 
microcontrollers in the PIC16C5X, PIC16CXX and 
PIC17CXX families. 

Interchangeable target probes allow the system to be 
easily reconfigured for emulation of different proces
sors. The universal architecture of the PICMASTER 
allows expansion to support all new PIC16C5X, 
PIC16CXX and PIC17CXX microcontrollers. 

The Emulator System is designed to operate on low-cost 
PC compatible machines ranging from 80286-A "f4Dclass 
ISA-bus systems through the new 80486 EISA-bus 
machines. The development software runs in the 
Microsoft Windows• 3.X environment, allowing the op
erator access to a wide range of supporting software and 
accessories. 

The PICMASTER has been designed as a real-time 
emulation system with advanced features generally 
found on more expensive development tools. The AT 
platform and Windows 3.X environment was chosen to 
best make these features available to you, the end user. 

PIC16C71 

The PICMASTER Emulator Universal System consists 
primarily of four major components: 

• Host-Interface Card 

• Emulator Control Pod 

• Target-Specific Emulator Probe 

• PC Host Emulation Control Software 

The Windows 3.X System is a multitasking operating 
system which will allow the developer to take full advan
tage of the many powerful features and functions of the 
PICMASTER system. 

PICMASTER emulation can operate in one window, 
while a text editor is running in a second window. 
Dynamic Data Exchange (DOE), a feature of Windows 
3.X, will be available in this and future versions of the 
software. ODE allows data to be dynamically trans
ferred between two or more Windows programs. With 
this feature, data collected with PICMASTER can be 
automatically transferred to a spreadsheet or database 
program for further analysis. 

Under Windows 3.X, two or more PICMASTER emula
tors can run simultaneously on the same PC making 
development of multi-microcontroller systems possible 
(e.g., a system containing a PIC16CXX processor and a 
PIC17CXX processor). 

7.3 PRO MATE™: Universal Programmer 

The PRO MATE Universal Programmer is a production 
quality programmer capable of operating in stand alone 
mode as well as PC-hosted mode. 

The PRO MATE has programmable Voo and VPP sup
plies which allows it to verify programmed memory at 
Voo min and Voo max for maximum reliability • It has an 
LCD display for displaying error messages, keys to 
enter commands and a modular detachable socket 
assembly to support various package types. In stand 
alone mode the PRO MATE can read, verify or program 
PIC16C5X, PIC16CXX and PIC17CXX devices. It can 
also set fuse configuration and code-protect in this 
mode. Its EEPROM memory holds data and parametric 
information even when powered down. It is ideal for low 
to moderate volume production. 

FIGURE 7.1 - PICMASTER SYSTEM CONFIGURATION 

Common Interface Card 
PC Compatible Computer 

(AT/ISA Bus) (for Industry Standard Architecture) 

ln-Une 
Power Supply 

(Oplional) 

Power Switch 
Power Connector 

Aux. 

PC-Interface 
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In PC-hosted mode, the PRO MATE connects to the PC 
via one of the COM (RS232) ports. A PC based user
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and menu
based. Full screen display and editing of data, easy 
selection offuse configuration and part type, easy selec
tion of Voo min, Voo max and VPP levels, load and store 
to and from disk files (intel hex format) are some of the 
features of the software. Essential commands such as 
read, verify, program, blank check can be issued from 
the screen. Additionally, serial programming support is 
possible where each part is programmed with a different 
serial number, sequential or random. 

The PRO MATE has a modular "programming socket 
module". Different socket modules are required for 
different processor types and/or package types. 
PRO MATE supports all PIC16C5X, PIC16CXX and 
PIC17CXX processors. 

7.4 PICSTAffTTM Programmer 

The Pl CST ART programmer is an easy to use, very low
cost prototype programmer. It connects to the PC via 
one of the COM (RS232) ports. A PC based user 
Interface software makes using the programmer simple 
and efficient. The user interface is full-screen and menu
based. 

7.5 Assembler {MPASM) 

Cross Assembler is a PC hosted symbolic assembler. It 
supports all microcontroller series including the 
PIC16C5X CMOS, PIC16CXX and PIC17CXX families. 

MPASM offers fully featured Macro capabilities, condi
tional assembly, and several source and listing formats. 
It generates various object code formats to support 
Microchip's development tools as well as third party 
programmers. 

MPASM allows full symbolic debugging from the Micro
chip Universal Emulator System (PICMASTER). 

MPASM has the following features to assist in develop
ing software for specific use applications. 

• Provides translation of Assembler source code to 
object code for all Microchip microcontrollers. 

• Macro Assembly Capability 

• Provides Object, Listing, Symbol and special files 
required for debugging with one of the Microchip 
Emulator systems. 

• Supports Hex (default), Decimal and Octal source 
and listing formats. 

MPASM provides a full feature directive language repre
sented by four basic classes of directives: 

• Data Directives are those that control the allocation 
of memory and provide a way to refer to data items 
symbolically, by meaningful names. 

• Listing Directives control the MPASM listing dis 
play. They allow the specification of titles and sub
titles, page ejects and other listing control. 

• Control Directives permit sections of conditionally 
assembled code. 

• Macro Directives control the execution and data 
allocation within macro body definitions. 

7.6 Software Simulator (MPSIM) 

The Software Simulator allows code development in a 
PC host environment. It allows the user to simulate the 
PIC16C5X and PIC16CXX series microcontrollers on 
an instruction level. On any given instruction; the user 
may examine or modify any of the data areas or provide 
external stimulus to any of the pins. The input/output 
radix can be set by the user and the execution can be 
performed in single step, execute until break or in a trace 
mode. Two forms of symbolic debugging are available: 
an internal symbol table for disassembling opcodes and 
the displaying of source code from a listing file. The 
Software Simulator offers the low cost flexibility to de
velop and debug code outside of the laboratory environ
ment making it an excellent multi-project software devel
opment tool. 

7.7 Development Systems 

For convenience, the development tools are packaged 
into comprehensive systems as listed in Table 7-1: 

TABLE 7·1: DEVELOPMENT SYSTEM 
PACKAGES 

Item Name System Description 

1. PICMASTER™ PICMASTER In-Circuit Emulator 
System with your choice of Target Probe, 

PRO MATE Programmer, 
Assembler, Software Simulator and 
Samples. 

2. PICSTART™ PICSTART™ Low-Cost Prototype 
System Programmer, Assembler, Software 

Simulator and Samples 

7.8 Probe Specifications 

The PICMASTER probes currently meet the following 
specifications: 

PROBE 
PICMASTER Devices Maximum Operating 

PROBE Supported Frequency Voltage 

PROBE-168 PIC16C71 10MHZ 14.SV-5.SV 
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8.0 ELECTRICAL CHARACTERISTICS 

Absolute Maximum Ratingst 

Ambient temperature under bias ............................................................................................................... -55 to+ 125°C 

Storage Temperature .......................................................................................................................... - 65"C to +150°C 
Voltage on any pin with respect to Vss (except Voo and MCLR) .................................................... -0.6V to Voo +0.6 V 
Voltage on Voo with respect to Vss ............................................................................................................................................... 0 to +7.5 V 
Voltage on MCLR with respect to Vss (Note 2) ............................................................................................... Oto+ 14 V 
Total power Dissipation (Note 1) .........................................................................................................•............... 800mW 
Max. Current out of Vss pin ................................................................................................................................. 150mA 
Max. Current into Voo pin .................................................................................................................................... 100mA 
Input Clamping Current, llK (Vl<O or V1>Voo) ....................................................................................................... ±20mA 
Output Clamping Current, IOK (VO<O or VO>Voo) ................................................................................................ ±20mA 
Max. Output Current sunk by any 1/0 pin ............................................................................................................... 25mA 
Max. Output Current sourced by any 1/0 pin .................................................................................•....................... 20mA 
Max. Output Current sunk by 1/0 PORTA .............................................................................................................. 80mA 
Max. Output Current sunk by 1/0 PORTB ............................................................................................................ 150mA 
Max. Output Current sourced by 1/0 PORTA ......................................................................................................... 50mA 
Max. Output Current sourced by 1/0 PORTB ....................................................................................................•.. 1 OOmA 

Notes: 1. Total power dissipation should not exceed 800 mW for the package. Power dissipation is calculated as 
follows: 
Pdis = Voo x {loo - L loh} + L {(Voo-Voh) x loh} + L(Vol x lol) 

2. Voltage spikes below Vss at the MCLR pin, inducing currents greater than 80mA, may cause latch-up. Thus, 
a series resistor of 50-1 oon should be used when applying a 'low' level to the MCLR pin rather than pulling 
this pin directly to Vss. 
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8.1 DC CHARACTERISTICS: PIC16C71-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16C71-16 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 

DC CHARACTERISTICS, 
POWER SUPPLY PINS 

Characteristic Sym 

Supply Voltage 
Voo 

RAM Data Retention VOR 
Voltage (Note 2) 
Voo start voltage to VPOR 
guarantee power on reset 
Voo rise rate to guarantee Svoo 
power on reset 
Supply Current (Note 3) 

loo 

Power Down Current 
(Note 4) 

Min 

4.0 
4.5 

0.05* 

Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40°C s TA s + 125°C for automotive, 

-40°C s TA s + ss·c for industrial and 
o·c s TA s +70"C for commercial 

Operating voltage Voo = 4.0V to 6.0V 

Typ 
(Note 1) Max Units 

6.0 v 
5.5 v 

1.5 v 

Vss 

osc = 4 MHz, Voo = 5.5V (Note 5) 
Fosc = 32 KHz, Voo = 4.0V, WDT disabled, 
LP osc config., ND off (Note 6) 
Fosc = 16 MHz, Voo = 5.5V, HS osc configuration 
(PIC16C71-16) 

µA Voo = 4.0V, WDT enabled, -40"C to+ 125"C 
14 µA Voo = 4.0V, WDT disabled, O"C to +70"C 
16 µA Voo = 4.0V, WDT disabled, -40"C to +85"C 
20 µA Voo = 4.0V, WDT disabled, -40°C to+ 125"C 

Note 1: Oat n ~c u beled •Typical" is based on characterization results at 25"C. This data is for design 
guid ce o and is not tested for, or guaranteed by Microchip Technology. 

Note 2: This is t Ii · to which Voo can be lowered in SLEEP mode without losing RAM data. 
Note 3: The supply urrent is mainly a function of the operating voltage and frequency. Other factors such as 110 pin 

loading and switching rate, oscillator type, internal code execution pattern, and temperature also have an impact 
on the current consumption. 
The test conditions for all loo measurements in active operation mode are: 

OSC1 =external square wave, from rail to rail; all 1/0 pins tristated, pulled to Voo, RT= Voo, MCLR = Voo; WOT 
enabled/disabled as specified. 

Note 4: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with all 1/0 pins in hi-impedance state and tied to Voo and Vss. 

Note 5: For RC osc configuration, current through Rext is not included. The current through the resistor can be 
estimated by the formula Ir= Voo/2Rext (mA) with Rext in kOhm. 

Note 6: For current contribution due to AID module, see section 8.5. 
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8.2 DC CHARACTERISTICS: PIC16LC71-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 

DC CHARACTERISTICS, 
POWER SUPPLY PINS 

Characteristic Sym 

Supply Voltage 
Voo 

RAM Data Retention VOR 
Voltage (Note 2) 
Von start voltage to VPOR 
guarantee power on reset 
Voo rise rate to guarantee Svoo 
power on reset 
Supply Current (Note 3) 

loo 

Power Down Current 
(Note 4) 

IPO 

• These parameters are ch acte ·z 

() 

Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40"C s TA s + 12s·c for automotive, 

-40"C s TA s + as·c for industrial and 
o·c s TA s +70"C for commercial 

Operating voltage Voo = 3.0V to 6.0V 

Min 
Typ 

(Note 1) Max 

3.0 6.0 
4.5 5.5 

1.5 

Vss 

0.05* 

Units 

v 
v 
v 

v 

5.2 for details on power on reset 

osc = 4 MHz, Voo = 5.5V (Note 5) 
Fosc = 32 KHz, Voo = 3.0V, WOT disabled, 
LP DSC config., AID off Note 6 

Voo = 3.0V, WOT enabled, -40"C to+ 125·c 
Voo = 3.0V, WOT disabled, o·c to +70"C 
Voo = 3.0V, WOT disabled, -40"C to +85"C 
Voo = 3.0V, WOT disabled, -40"C to+ 125"C 

Note 1: Data in th mn I "Typical" is based on characterization results at 25"C. This data is for design 
guidan o,Plv a ·s n tested for, or guaranteed by Microchip Technology. 

Note 2: This i the~it o wti ch Voo can be lowered in SLEEP mode without losing RAM data. 
Note 3: The sup c ent is mainly a function of the operating voltage and frequency. Other factors such as 1/0 pin 

loading an · ching rate, oscillator type, internal code execution pattern, and temperature also have an impact 
on the current consumption. 
The test conditions for all loo measurements in active operation mode are: 

OSC1 =external square wave, from rail to rail; all 110 pins tristated, pulled to Voo, RT= Voo, MCLR = Voo; WOT 
enabled/disabled as specified. 

Note 4: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with all 110 pins in hi-impedence state and tied to Voo and Vss. 

Note 5: For RC osc configuration, current through Rext is not included. The current through the resistor can be 
estimated by the formula Ir= Voo/2Rext (mA) with Rext in kOhm. 

Note 6: For current contribution due to AID module, see section 8.5. 
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8.3 DC CHARACTERISTICS: PIC16C71-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16C71-16 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16LC71-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 

DC CHARACTERISTICS, Standard Operating Conditions (unless otherwise stated) 

ALL PINS EXCEPT POWER SUPPLY Operating temperature -40"C s TA s +125°C for automotive, 
-40 s TA s +as·c for industrial 

Characteristic 

Input Low Voltage 
1/0 ports 
MCLR, TOCKI, OSC1 
(in RC configuration) 
OSC1 (in XT, HS and LP 
configuration) 
Input High Voltage 
1/0 ports 

MCLR, TOCKI, OSC1 
(in RC configuration) 
OSC1 (in XT, HS or LP 
configurations) 
Input Leakage Current 
(Notes 3, 4) 
1/0 port RB 
1/0 port RA 
MCLR, TOCKI 
OSC1 

Output Low Voltage 
1/0 Ports 

OSC2/CLKOUT 

OSC2/CLKOUT 
(RC osc configuration) 

Sym 

VIL 

VIH 

Ill 

Min 

Vss 
Vss 

Vss 

0.36 Voo 
0.45 Voo 
0.85 Voo 

0.7 VDD 

Voo-0.7 
Voo-0.7 
Voo-0.7 

and o·c s TA s +1o·c for commercial 
Operating voltage Voo range as described in DC spec table 8.1 

Typ Max Units 
(Note 1) 

0.2 Voo V 
0.2 Voo V 

0.3 VDD V 

Voo 

0.6 
0.6 
0.6 
0.6 

v 
v 
v 
v 

v 
v 
v 
v 

Conditions 

Vss s VPIN s Voo, Pin at hi-impedance 
Vss s VPIN s Voo. Pin at hi-impedance 
Vss s VPIN s Voo 
Vss s VPIN s Voo • XT, HS and LP osc 
configuration 

IOL = 8.5 mA, VDD = 4.5V, -40°C to +85"C 
IOL = 7.0 mA, VDD = 4.5V, -40"C to+ 125°C 
IOL = 1.6 mA, VDD = 4.5V, -40"C to +85"C 
IOL = 1.2 mA, VDD = 4.5V, -40"C to + 125"C 

IOH = -3.0 mA, Voo = 4.5V, -40"C to +85"C 
IOH = -2.5 mA, Voo = 4.5V, -40"C to + 125"C 
IOH = -1.3 mA, VDD = 4.5V, -40"C to +85"C 
IOH = -1.0 mA, Voo = 4.5V, -40°C to +125"C 

Note 1: Data in the column labeled 'Typical' is based on characterization results at 25 • C. This data is for design guidance 
only and is not tested for, or guaranteed by Microchip Technology. 

Note 2: In RC oscillator configuration, the OSC1 pin is a Schmitt trigger input. It is not recommended that the PIC16C71 
be driven with external clock in RC mode. 

Note 3 : The leakage current on the MClR pin is strongly dependent on the applied voltage level. The specified levels 
represent normal operating conditions. Higher leakage current may be measured at different input voltages. 

Note 4 : Negative current is defined as coming out of the pin. 
Note 5 : RA4/TOCKI open collector output. Maximum pull-up voltage = Voo. 
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8.4 AC CHARACTERISTICS: PIC16C71-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16C71-16 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16LC71-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 

AC CHARACTERISTICS 
Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40°C s TA s +125°C for automotive, 

-40 s TA s +as·c for industrial 
and o·c s TA s +70°C for commercial 

Operating voltage Voo range as described in DC spec table 8.1 

Characteristic Sym Min Typ Max Units Conditions 
(Note 1) 

External CLOCKIN Fosc DC 4 MHz 
Frequency (Note 2) Fosc DC 4 MHz 

Fosc DC 16 
Fosc DC 200 

Oscillator Frequency Fosc DC 4 
(Note 2) Fosc 0.1 4 

Fosc 1 4 

Fosc 1 
Fosc DC 

Instruction Cycle Time Tcv 0.25 
Note 2 

External Clock In Timing 
(Note 4) 
Clock in (OSC1) High or Low Time 
XT oscillator type TCKHLXT ns 
LP oscillator type TCKHLLP J.lS 
HS oscillator type TCKHLHS ns 
Clock in (OSC1) Rise or Fall Time 
XT oscillator type ns 
LP oscillator type ns 
HS oscillator e ns 
RESET Timing 
MCLR Pulse Width low ns 

ns Note 3 
t 

10* ns Note 3 
10* ns Note 3 
TCY+40 ns Note 3. Where N = prescale 

N value 2 4 ... 256 
Watchdog Timer Time t p 
No Prescaler TWDT 7* 18 33* ms VDD = 5V -40°C to + 125"C 

OST/PWRT Timings 
Oscillation Start-up Timer Pewriod TOST 1024 lose ms tosc = OSC1 period 
Power u timer eriod TPWRT 28* 72 132 ms Voo = 5V -40°C to + 125°C 
1/0 Timing 
1/0 Pin Input Valid Before CLKOUTi TioV2ckH 0.25 Tcv+ 30 ns 
1/0 Pin Input Hold After CLKOUTi TckH2iol 0 ns 
1/0 Pin Output Valid After CLKOUT J. TioV2ckl 40 ns 

* These parameters are characterized but not tested. 
For notes refer to top of page 54. 
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NOTES TO TABLE 8.4 
Note 1: Data in the column labeled 'Typical' is based on characterization results at 25"C. This data is for design guidance only and is not tested for, or guaranteed by 

Microchip Technology. 

Note 2: Instruction cycle period (Tcy) equals four times the input oscillator time base period. 

All specified values are based on characterization data for that particular oscillator type under standard operating conditions with the device executing code. 

Exceeding these specified limits may result in an unstable oscillator operation and/or higherthan expected current consumption. All devices are tested to operate 

at "min.' values with an external clock applied to the OSC1 pin. 

When an external clock input is used, the "Max." cycle time limit is "DC" (no clock) for all devices. 

Note 3: For a detailed explanation of TMRO input clock requirements see section 5.4.1. 

Note 4: Clock-in high-time is the duration for which clock input is at VIHOSC or higher. Clock-in low-time is the duration for which clock input is at VIHOSC or lower. 

8.5 AID CONVERTER 
CHARACTERISTICS: 

AC CHARACTERISTICS 

Characteristic Sym 

Resolution NR 
Integral error NINT -

Differential error NDIF -

Full scale error NFS 

Offset error NOFF -

PIC16C71-04 (COMMERCIAL/INDUSTRIAL, AUTOMOTIVE) 
PIC16C71-16 (COMMERCIAL/INDUSTRIAL, AUTOMOTIVE) 
PIC16LC71-04 (COMMERCIAL/INDUSTRIAL, AUTOMOTIVE) 

fl 
Standard Operating Conditions (un~e h ise stated) 
Operating temperature -40"C::; TA +125"C r automotive, 

-4~::; T _ 5" in strial 
and o· ~;;...,TA < + 10· for commercial 

Operating voltage Voo range d~~ 1 C spec table 8.1 

Min Typ Max Un~onditions 
(Note 1) _L_J ~ 

8 Bits L. -~ ~VDD=5.12VJ_Note~ 
~1s~ ~ \ltEF = Voo = 5. 12V (Note 2) 

- ~~ VREF = Voo = 5.12V (Note 2) 

- ,Af1\l..ss ~w- VREF = Voo = 5.12V (Note 2) 
~ 

VREF = Voo = 5.12V (Note 2) 

Monotonici!Y_ - ~n~ 7 
Reference volt1!9._e VREF 3.0 V J:s.. ~ .L Voo + 0.3 V 
Analog_il!Q_Utvolt1!9._e VAIN V~0.3 -~ ~ VREF v 
Recommended ~tzy 
impedance of analog ZAIN~' 10.0 
volt1!9_e source LY .6. 
AID clock period ~ 2tosc 

~ ~~~~ 

Conversio~y<n9'1 ) ~v 1 otad 
(not inclu~ S1M'tj"1e) 

~\Jd:o 4.o 
Sampling t•ITlv TSMP 5 

AID conversion 
currenU.Voi& 
VREF input current 
(Note 4) 

lad 

IREF -

180 

Note 1: All entries in the "typ" column are at 5V, 25"C unless otherwise stated. 

Note 2: The error will be more for lower VREF and/or lower Voo. 

6.0 

1 
40 

µs 

µs 

µA 

mA 
µA 

ADCS1 ,0 = 00 (for tosc ~ 1 µs) 
ADCS1 ,0 = 01 (for tosc ~.25 µs) 
ADSC1,0 = 10 (fortosc ~ 62.5 ns) 
ADSC1 ,0 = 11 (RC oscillator 

source is selected) 

The minimum time is the amplifier 
settling time. This may be used of the 
"new" input voltage has not changed 
by more than 1 Lsb (i.e. 20mV @ 

5.12V) from the last sampled voltage 
(as stated on CH01.0 ). 

Average current consumption 
when AID is onJ_Note ~ 
During charging 
All other times 

Note 3: When AID is off, It will not consume any current other than minor leakage current. The power down current spec includes any such leakage from the AID module. 

Note 4: VREF current is from RA3 pin or Voo pin, whichever is selected as reference input 
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8.6 AID CONVERTER 
CHARACTERISTICS: 

PIC16LC71 ·04 (COMMERCIAL/INDUSTRIAL, AUTOMOTIVE) 

Standard Operating Conditions (unless otherwise stated) 

AC CHARACTERISTICS 
Operating temperature -40'C,,; TA,,; +125'C for automotive, 

-40,,; TA,,; +85'C for industrial 

Characteristic 

Resolution 
Integral error 

Differential error 

Full scale error 

Offset error 

Monotonicity 
Reference voltage 
Analog input voltage 
Recommended 
impedance of analog 
voltage source 
AID clock period 

Conversion time 
(not including S/H time) 
Sampling time 

Sym Min 

NR 
NINT 

NDIF 

NFS -

NOFF -

and o·c,,; TA,,; +70'C for commercial 
Operating voltage Voo range as described in DC spec table 8.1 

Typ 
(Note 1) 

[_[uaranteed 

Max Units 

8 Bits 
less than 
±2LSB 
less than 
±2LSB 
less than 
±2LSB 
less than 
±2LSB 

Conditions 

VREF = VDD = 3.0VJ_Note ~ 
VREF = VDD = 3.0~ote 2) 

VREF = Voo ~ ~e 2) 

VREF 3.0 V - Voo+0.3 V _i_h 2 
VAIN Vss- 0.3 -

ZAIN 

3.0 

tad 2tosc -~~ ADCS1,0=00 (for lose~ 1 µs) 
8tosc ~"'-V ADCS1 ,0 = 01 (for tosc ~.25 µs) 
32tosc{jl\ , V ADSC1 ,0 = 10 (for lose~ 62.5 ns) 
6.0 ~ µs ADSC1 ,0 = 11 (RC oscillator 

.6.. ,..,.._ source is selectec!}_ 
TCNV • 

"'" 5 '~ 'V! . 

~' 
µs The minimum time is the amplifier 

settling time. This may be used of the 
'new' input voltage has not changed 
by more than 1 Lsb (i.e. 20mV @ 

5.12V) from the last sampled voltage 
(as stated on CH011,). 

AID conversion ,..jla(/ -~V 90 
currentj_Voo}_ "1 ~/ 

µA Average current consumption 
when AID is on lNote 3l 

VREF input curre~ ['\~ t'-- - 1 
jt-lote 11. .s...L ~ 10 

Note 1: All entries i~un:'n are at 5V, 25'C ~nless otherwise stated. 
Note 2. These spec1f1cat1ons apply 1f VREF = 3.0V and 1f Voo ~ 3.0V. 

mA 
µA 

During charging 
All other times 

Note 3: When ND is off, it will not consume any current other than minor leakage current. The power-down current spec includes 
any such leakage from the ND module. 

Note 4: VREF current is from RA3 pin or Voo pin, whichever is selected as reference input. 
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8. 7 AC CHARACTERISTICS: PIC16C71-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16C71-16 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16LC71-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 

AC CHARACTERISTICS 
Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40°C s TA s +125°C for automotive, 

-40 s TA s +85°C for industrial 
and o·c s TA s +70'C I r commercial 

Operating voltage Voo range as described in D s ec table 8.1 

Characteristic Sym Min Typ Max Units 

1/0 Timing (cont.) 
1/0 Pin Input Valid Before OSC't 
(1/0 Setup Time) TioV2osH TBD 
OSC1 't to 1/0 pin input invalid TosH2ioL TBD 
(1/0 hold time) 
OSC1't to 1/0 pin output valid TosH2ioV 
1/0 pin output rise time TioR 
1/0 pin output fall time TioF 
Interrupt Timing 
INT pin high or low time TinP 
RB <7:4> input change time for interrupt TrbP 
to be recognized 
Capacitive Loading Specs on Output Pins 
OSC2 pin 

All 1/0 pins and OSC2 (in RC mode) 

• These parameters are characterized, 

(Note 1) 

ns 
ns 

15 pF 

50 pf 

In XT, HS and LP modes, when 
external clock is used to drive 
OSC1. 

Note 1: on characterization results at 25"C. This data is for design guidance only and 

Note 2: 

Note 3: 
Note 4: 

Note 5: 
Note 6: 

is not tested for, or g 1c chip Technology. 
Instruction cycle igP,,(T a our times the input oscillator time base period. 
All specified val s al8ii'as d o haracterization data for that particular oscillator type under standard operating conditions 
with the dev· tin o . Exceeding these specified limits may result in an unstable oscillator operation and/or higher 
than ex11 tfllhlllrr nt umption. All devices are tested to operate at 'min.' values with an external clock applied to the 
OSC1 p V 
When an e rn lock input is used, the "Max.• cycle lime limit is "DC" (no clock} for all devices. 
For a detailed anation of RTCC input clock requirements see section 5.4.1. 
Clock-in high-time is the duration for which clock input is at V1Hosc or higher. Clock-in low-time is the duration for which 
clock input is at V!HOSC or lower. 
All AC parameters are tested or characterized with these capacitive loads. 
CLKOUT is available only in RC oscillator mode. 
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8.7.1 ELECTRICAL STRUCTURE OF PINS 

FIGURE 8.1 - ELECTRICAL STRUCTURE OF 
1/0 PINS (RB) 

Voo 

FIGURE 8.3 - ELECTRICAL STRUCTURE OF 
MCLR AND RTCC PINS 

vss vss 

PIC16C71 

FIGURE 8.2 - ELECTRICAL STRUCTURE OF 
1/0 PINS (RA) 

VDD 

l/Opin 

vss vss 

analog input 

Input 
buffer 

_l_ 
N 

Notes to Figures 8.1 and 8.2: The diodes and the grounded gate (or output driver) NMOS device are carefully designed 
to protect against ESD {Electrostatic discharge) and EOS (Electrical overstress). Rin is a small resistance to further protect 
the input buffer from ESD. 
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9.0 TIMING DIAGRAMS 

FIGURE 9.1 • TMRO TIMING 

TOCKI 

FIGURE 9.2 - INPUT/OUTPUT TIMING FOR 1/0 PORTS 

OSC1 

CLKOUT 

l/O Pin 
(Input) 

Q4 Q1 

1----------___,f-7!-,~ • \TosH2ckL 

--;-...:::, : j- TckF : TioV2osH 
~Tck~~V 14--~>---+: 

1---,~~~~~~~.......,n-r~~~--~~ 

VIH2 

VL2 

TioV2ckH 

Q3 

' ' 
HrosH2ckH 

: ' 

TosH2ioV i 
:~----i----------i----------1 

l/OPin 
(output) old value 

TICA, TioF 

Notes: 
1. All timings are tested with specified capacitive loads 
2. CLKOUT is available only in RC oscillator mode 
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10.0 DC & AC CHARACTERISTICS 
GRAPHSIT ABLES 

The graphs and tables provided in this section are for 
design guidance and are not tested or guaranteed. In 
some graphs or tables the data presented are out
side specified operating range (e.g. outside speci
fied Voo range). This is for information only and 
devices are guaranteed to operate properly only 
within the specified range. 

The data presented in this section is a statistical sum
mary of data collected on units from different lots over a 
period of time. 'Typical' represents the mean of the 
distribution while 'max' or 'min' represents (mean + 3s) 
and (mean - 3s) respectively where sis standard devia
tion. 

FIGURE 10.2- TYPICAL RC OSCILLATOR 
FREQUENCY vs Voo 

Cext=20pf, T=25"C 

0.5 1---+---+---+---+---+---I 

R=100k 

3.0 3.5 4.0 4.5 5.0 5.5 6.0 

VID (Volts) 

PIC16C71 

FIGURE 10.1 -TYPICAL RC OSCILLATOR 
FREQUENCY vs. 
TEMPERATURE 

Fosc 
Fosc(25"C) FREQUENCY NORMALIZED TO +25"C 
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Cext = 100pf, T = 25"C 
02 t----t---+----+--+---+----1 
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JO 
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FIGURE 10.4 - TYPICAL RC OSCILLATOR 
FREQUENCY VS Voo 

F 
~ 
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FIGURE 10.5- TYPICAL lpd vs Voo 
WATCHDOG DISABL: 

0.1 >---+---+--+--+--+------< 

O'--+---~-~-~-+--__, 

3.0 3.5 4.0 4.5 5.0 5.5 6.0 
YID (Volts) 

TABLE 10.1 - RC OSCILLATOR 
FREQUENCIES 

Cext Rext 

20pf 4.7k 
10k 

100k 

100pf 3.3k 
4.7k 

300pf 

Average 

Fosc @ 5V, 2s·c 

4.52MHz ± 17.35% 
2.47 MHz ± 10.10% 

290.86 KHz ± 11.90% 

1.92 MHz ±9.43% 
1. ±9.83% 

± 10.92% 
± 16.03% 

± 10.97% 
± 10.14% 
±10.43% 
± 11.24% 

FIGURE 10.6 - TYPICAL lpd vs Voo 
WATCHDOG ENABLED 2s·c 

14 r--.--,----.----.----,.-~ 

12 l--+--+---+---+----1----,f 

< ·: ===liJ=[Z: 
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FIGURE 10.7 - MAXIMUM lpd vs Voo 
WATCHDOG DISABLED 
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FIGURE 10.9 - VTH (INPUT TH 
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> 
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PIC16C71 

FIGURE 10.8- MAXIMUM lpd VS Voo 
WATCHDOG ENABLED* 

Maximum 

4.0 4.5 5.0 5.5 6.0 
VID (Volts) 

ag c rent which increases with higher temperature and the 
e emperature. At -40"C, the latter dominates explaining the 

4.0 4.5 5.0 5.5 6.0 
Voo (volts) 
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FIGURE 10.10- VIH, VIL OF MCLR, RTCC AND OSC1 (IN RC MODE) vs Voo 
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FIGURE 10.11 - VTH (INPUT THRESHOLD VOLT 

3.60 

3.40 

3.20 

3.00 

2.80 

vsVoo 

2.60 l---;;-~...--.,.,,,...~f----:;;,.-f'----:;;~!-

INPUT (IN XT, HS, AND LP MODES) 

1.20 l-----+----+----1-----+----+----+-----1 

1.00 ~--~---~---~--~---~---~--~ 
3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 

Voo (volts) 

DS30150E-page 62 IT2> [)' ® ~ 0 [M) O ml EID [)' W © 1994 Microchip Technology Incorporated 

2-388 



PIC16C71 

FIGURE 10.12 -TYPICAL IDD vs FREQ (EXT CLOCK, 25°C) 

FIGURE 10.13 ·MAXIMUM loo vs FREQ (EXT ~~:;.C) 
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FIGURE 10.13A- MAXIMUM loo vs FREQ WITH AID OFF (EXT CLOCK,-55° to +125°C) 
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FIGURE 10.14 - WOT Timer Time-out ~~IGURE 10.15 - Transconductance (gm) of 
vs Voo HS Oscillator vs Voo 
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FIGURE 10.16 - Transconductance (gm) of 
LP Oscillator vs Voo 
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FIGURE 10.18- IOH vs VOH, Voo = 3V 
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FIGURE 10.17- Transconductance {gm) of 
XT Oscillator vs Voo 
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FIGURE 10.20 - IOL vs VOL, Voo = 3V 
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TABLE 10.2- INPUT CAPACITANCE* 

Pin Name 

RA port 
RB port 

MCLR 
OSC1 
OSC2/CLKOUT 
RTCC 

s are typical at 2s·c. A part to 
% (three standard deviations) 
account. 

FIGURE 10.21 - IOL vs VOL, Voo = 5V 
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11.0 PACKAGING INFORMATION 

See Section 11 of the Data Book. 

11.1 Pacl<aqe Marking lntonnatlon 

18L PDIP Example 

MMMMMMMMMMMMXXX 
0 MMMMMMMMXXXXXXX 

~AABB COE 

PIC16C71-o 20E/P 
~245 CBA 

18LSOIC 

MMMMMMMMMMMM 

MMMMMMMMMMMM 

O~AABB CDE 

18LCerdlp 

Legend: MM ... M 
xx ... x 
AA 
BB 
c 

Example 

PIC16LC71-

04I/S0218 

·0~9218 CAA 

Example 

~ DPIC16LC71 
p ·~· 041/JW 

.........., 9230 CAA 

Microchip part number information 
Customer specific information* 
Year code (last 2 digits of calendar year) 
Week code (week of January 1 is week '01 ') 
Facility code of the plant at which wafer is manufactured. 
C =Chandler, Arizona, U.S.A. 

D Mask revision number 
E Assembly code of the plant or country of origin in which 

part was assembled. 

Note: In the event the full Microchip part number can not be marked on one 
line, ii will be carried over to the next line thus limiting the number 
of available characters for customer specific information. 

• Standard OTP marking consists of Microchip part number, year code, week code, 
facility code, mask rev#, and assembly code. For OTP marking beyond this, 
certain price adders apply. Please check with your Microchip Sales Office. For 
QTP devices, any special marking adders are included in QTP price. 
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12.0 PROGRAMMING THE PIC16C71 

The PIC16C71 is programmed using one of two meth
ods, serial or parallel. The serial mode will allow the 
PIC16C71 to be programmed while in the users system 
using only five pins: Voo, Vss, MCLRNPP, RB6 and 
RB7. This allows for increased design flexability. The 
parallel mode will provide faster programming as the 
data is loaded into the PIC16C71 with a greater through
put. Either mode may be selected at the start of the 
programming process. The parallel mode is intended for 
programmers. In either mode, both program and data 
memory can be programmed. You can get complete 
programming information in the PIC16C6X/7X program
ming specification (DS30228C). 
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APPENDIX A 

The following are the list of modifications over the 
PIC16C5X microcontroller family: 

1. Instruction word length is increased to 14 bit. This 
allows larger page sizes both in program memory 
(2K now as opposed to 512 before) and register file 
(128 bytes now versus 32 bytes before). 

2. A PC high latch register (PCLATH) is added to 
handle program memory paging. PA2, PA1, PAO 
bits are removed from status register. 

3. Data memory paging is redefined slightly. Status 
register is modified. 

4. Fournew instructions have been added: RETURN, 
RETFIE, ADDLW, and SUBLW. 

Two instructions TRIS and OPTION are being 
phased out although they are kept for compatibility 
with PIC16C5X. 

5. OPTION and TRIS registers are made addressible. 

6. Interrupt capability is added. Interrupt vector is at 
0004h. 

7. Stack size is increased to eight deep. 

8. Reset vector is changed to OOOOh. 

9. Reset of all registers is revisited. Five different 
reset (and wake-up) types are recognized. Regis
ters are reset differently. 

10. Wake up from SLEEP through interrupt is added. 

11. Two separate timers Oscillator Start-up Timer (OST) 
and Power-up Timer (PWRT) are included for more 
reliable power-up. These timers are invoked selec
tively to avoid unnecessary delays on power-up 
and wake-up. 

12. PORTB has weak pull-ups and interrupt on change 
feature. 

13. RTCC pin is also a port pin (RA4) now. 

14. Location 07h (PORTC) is unimplemented and not 
a general purpose register. 

15. FSA is made a full 8-bit register. 

16. 'In system programming' is made possible. The 
user can program the PIC16C71 using only five 
pins: Voo, Vss, MCLRNPP, RB6 (clock) and RB7 
(data in/out). 

PIC16C71 

APPENDIXB 

To convert code written for PIC16C5X to PIC16C71, the 
user should take the following steps: 

1. Remove any program memory page select opera
tions (PA2, PA1, PAO bits) for CALL, GOTO. 

2. Revisit any computed jump operations (write to PC 
or add to PC, etc.) to make sure page bits are set 
properly under the new scheme. 

3. Eliminate any data memory page switching. Rede
fine data variables to reallocate them . 

4. Verify all writes to STATUS, OPTION, and FSA 
registers since these have changed. 

5. Change reset vector to OOOOh. 

6. Note that location 07h is an unimplemented data 
memory location. 
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VIH, VIL of MCLR , RTCC and OSC1 
(in RC mode) vs Voe ••...•.••.••.•.•..•.•.••..••...•••.••.• 62 
VrH of 1/0 pins vs Voe .••..•.•..•.••••.•..•..••.•.•••.••... 61 
VTH of OSC1 Input (in XT, HS and LP modes) 
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CONNECTING TO MICROCHIP BBS 

Connect world wide to the Microchip BBS using the 
CompuServe communications network. In most cases 
a local call is your only expense. The Microchip BBS 
connection does not use CompuServe membership 
services, therefore you do not need CompuServe 
membership to join Mlcrochlp's BBS. 

The procedure to connect will vary slightly from country 
to country. Please check with your local CompuServe 
agent for details if you have a problem. CompuServe 
services allows multiple users at baud rates up to 9600. 

To connect: 

1. Set your modem to 8-bit, No parity, and One stop 
(8N1}. This is not the nonnal CompuServe setting 
which is 7E1. 

2. Dial your local CompuServe phone number. 

3. Depress <ENTER> and a garbage string will appear 
because CompuServe is expecting a 7E1 setting. 

4. Type + <ENTER> and Host Name: will appear. 

5. Type MCHIPBBS<ENTER> and you will be con
nected to the Microchip BBS. 

In the United States, to find CompuServe's phone num
ber closestto you, set your modem to 7E1 and dial (800) 
848-4480 for 300-2400 baud or (800} 331-7166 for 9600 
baud connection. After the system responds with Host 
Name:, type 

NETWORK<ENTER> and follow CompuServe's direc
tions. 

For voice information (or calling from overseas), you 
may call (614) 457-1550 for your local CompuServe 
number. 

PIC16C71 

Trademarks: 
PIC is a registered trademark of Microchip Technology 
Incorporated in the U.S.A. 

The Microchip logo and name are trademarks of Microchip 
Technology Incorporated. 

PICMASTER, PICSTART and PRO MATE are trademarks 
of Microchip Technology Incorporated. 

IBM PC and AT are trademarks of IBM Corporation. 

MS-DOS and Microsoft Windows are registered trade
marks of Microsoft Corporation. 

CompuServe isa registered trademark of CompuServe Inc. 

All other trademarks mentioned herein are the property of 
their respective companies. 
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PIC16C71 

PIC16C71 Product Identification System 

To order or to obtain infonnation, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 

PART NO. -XX X /XX XXX 
'--.--

~-· 
3-Diglt Pattern Code for QTP/sQTP 
(blank for OTP and Windowed Parts) 

Package: p 
Examples: 

= a) PIC16C71 - 04/P301 
so= = Commercial temp., 
JN = PDIP package, 

.J Temperature - 1D + 70"C (T for tape/reel) 
4 MHz, normal V DD limits, 

= o·c OTP pattern # 301 I Range: k = -40• c 1D :+85"C (S for tape/reel) b) PIC16LC71- 041/SO 
= -40"C 1D +125"C = Industrial temp., 

1 Frequency 04 
SOIC package, 

= 4 MHz, extended Voe limits, 
Range: 16 "' c) PIC16C71 -16E/P 

.J Device· 
= Automotive temp., 

PIC16C71 PDIP package, I . PIC16LC71 16 MHz, normal Voo limits 

Sales and Support 

Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and 
recommended workarounds. To determine Han errata sheet exists for a particular device. please contact one of the following: 
1. Your local Microchip sales office (see below) 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip's Bulletin Board, via your local Compuserve number. 

Please specHy which device, revision of silicon and Data Sheet (Include Literature #) you are using. 

For latest version Information and upgrade kits for Microchip Development Tools, please ,call 1-800-755-2345 or 1-602-786-7302. 
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MICROCHIP PIC16C74 
40-Pin EPROM-Based 8-Bit CMOS Microcontroller 

FEATURES 
High-Performance RISC-like CPU 
• Only 35 single word instructions to learn 
• All single cycle instructions (200ns) except for program 

branches which are two-cycle 
• Operating speed: DC - 20 MHz clock input 

DC - 200 ns instruction cycle 
4096 x 14 on-chip EPROM program memory 

• 192 x 8 general purpose registers (SRAM) 
• Interrupt capability 
• 45 special function hardware registers 
• Eight levels deep hardware stack 
• Direct, indirect and relative addressing modes 
Peripheral Features 
• 33 1/0 pins with individual direction control 
• High current sink/source for direct LED drive 
• Two pins that can be configured as capture input, 

PWM output, or compare output 
- Capture is 16-bit, max resolution 200ns 
- Compare is 16-bit, max resolution 200ns 
- PWM resolution is 1- to 10-bit. 

8-bit resolution gives 80 KHz maximum frequency and 
10-bit resolution gives 20 KHz maximum frequency 

TMR1: 16-bit timer/counter (time-base for capture/compare) 
TMR1 can be incremented during sleep via external crystal/ 
clock (for real-time clock) 

• TMR2: 8-bit timer/counter with 8-bit period register (time
base for PWM), prescaler and postscaler 

• TMRO: 8-bittimer/counterwith 8-bit programmable prescaler 
• 8-bit ND converter with eight input channels 

- 16 µsec conversion time/channel 
• Serial Communications Interface (SCI) 

- Full-duplex Asynchronous Communication or Half
Duplex Synchronous Communication 

• Synchronous serial port (SSP) with two modes of operation: 
- 3-wire SPI 
- l'C™/ACCESS.bus compatible __ 

• Para.!illl Slave Port (PSP): 8-bit wide, with external RD, WR 
and CS controls (microprocessor bus interface) 

Special Microcontroller Features 
• Power-on Reset (POR) 
• Power-up Timer (PWRT) and Oscillator Start-up Timer (OST) 
• Watchdog Timer (WDT) with its own on-chip RC oscillator 

for reliable operation 
• Security EPROM fuse for code-protection 
• Power saving SLEEP mode 
• EPROM fuses selectable oscillator options: 

(RC oscillator, Standard crystal/resonator, High speed crys
tal/resonator, Low frequency crystal) 

• Serial in-system programming (via two pins) 
CMOS Technology 
• Low-power, high-speed CMOS EPROM technology 
• Fully static design 
• Wide-operating voltage range (2.5V to 6.0V) 
• Commercial, Industrial, and Automotive Temp. Range 
• Low power consumption - < 2mA@ 5V, 4 MHz 

- 15µA typical @ 3V, 32 KHz 
- <1 µA typical standby current 

PACKAGE TYPES 

PDIP, 
Windowed 
CERDIP 

MClfWpp ___. 1 
RAOIANO..._. 2 

RA1/AN1 ---- 3 
RA2/AN2-..-. 
RA31AN3.._ 

RA4/TOCKI ._.. 

AA5/AN41$S --
AEOIRDIANS...._ 8 
RE11WfVAN6-... 9 
RE2/CS/AN7 ---

AC<YT10SO/T1CKI...,. 
RC1/T10SllCCP2__. 

AC31SCK/SCL --
RDOIPSPO---

-RS7 ---ABS -------RB, 
-voo 
-vss 
--- RD7/ PSP7 
....,. RD&'PSP6 
._... RDSIPSPS 

---- R0-4/PSP4 
.._ RC7/RXIDT 
-RC6fTXICK 
---AC51SOO 
---- RC4/SDVSOA 

A01/PSP1 ---~~--=''----- R02/PSP2 

PLCC 

RA41TOCKl
RA5/AN4/SS -
REO/R0/AN5 -

AE1/Wfi/AN6 -
RE21CS/AN7 -

OSC1/CLKIN -
OSC2/CLKOUT -

RCCVT10SOIT1CKI -
NC 

PQFP 

C')(,'4....- 0 ... 

zzzz~ <<<< 
"llj!~~ o!iil!!i3illo a: a:a: a:: z a: a: a: a: z 

11111 l t I I 

PIC16C74 

:p~!;i!!;li!11!!!~!!:tl;I; 
RC7/RX/DT
RD41PSP4-
RD51PSP5-
RD61PSP8-
RD7/PSP7-

1 0 33 

v .. -
voo-

RBOllNT
AB1-
RB2-
RB3-

2 32 
3 31 
• 30 

29 

PIC16C74 ~ 
29 
25 

-RB3 
-RB2 
-RB1 
- ABO/INT 
-voo 
-vss 
- RD7/PSP7 
- RD6/PSP6 
- RD5/PSP5 
- AD4/PSP4 
- RC7/RX/OT 

NC 
- RCOfT10SO/TtCK1 
- OSC2/CLKOUT 
- OSC1/CLKIN 
-v .. 
-voo 
- RE2/CSIAN7 
- RE1/WRtAN6 
- REOIRoiANS 
- RA5/AN4/SS 
- RMITOCKI 
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PIC16C74 

1.0 GENERAL DESCRIPTION 

ThePIC16C74isanother40-pinmemberoftheversatile 
PIC16CXXfamilyof low-cost, high-perfonnance, CMOS, 
fully-static, EPROM-based 8-bit microcontrollers. 

All PIC microcontrollers employ an advanced RISC-like 
architecture. The PIC16CXX has enhanced core fea
tures, eight-level deep stack, and multiple intemal and 
extemal interrupt sources. The separate instruction and 
data buses of the Harvard architecture allow a 14-bit 
wide instruction word with the separate 8-bit wide data. 
The two stage instruction pipeline allows all instructions 
to execute in a single cycle, exceptforprogram branches 
(which require two cycles). A total of 35 instructions 
(reduced instruction set) are available. Additionally, a 
large register set gives some of the architectural innova
tions used to achieve a very high performance. 
PIC16CXX microcontrollers typically achieve a 2:1 code 
compression and a 4:1 speed improvement over other 
8-bit microcontrollers in its class. 

The PIC16C74 has 192 bytes of RAM and 33 VO pins. 
In addition, the PIC16C74 adds several peripheral fea
tures useful in many high perfonnance applications 
including; three timer/counters, two capture/compare/ 
PWM modules and two serial ports. The synchronous 
serial port can be configured as either a 3-wire Serial 
Peripheral Interface (SPI) orthetwo-wire lnter-lntergrate 
Circuit (12C) bus. The Serial Communicatons Interface 
can be configured as either synchronous or asynchro
nous (USART). An 8-bit Parallel slave port is provided 
and eight channels of high-speed 8-bit AID. The 8-bit 
resolution is ideally suited for appplications requireing 
low-cost analog interface, e.g. thennostat control, pres
sure sensing, etc. 

These special features reduce extemal components, 
thus reducing cost, enhancing system reliability and 
reducing power consumption. There are four oscillator 
options, of which the single pin RC oscillator provides a 
low-cost solution, the LP oscillator minimizes power 
consumption, XT is a standard crystal, and the HS is for 
High Speed crystals. The SLEEP (power- down) mode 
offers power saving. The user can wake up the chip from 
SLEEP through several extemal and intemal interrupts 
and reset. 

A highly reliable Watchdog Timer with its own on-chip 
RC oscillator provides protection against software mal
function. 

A UV-erasable cerdip-packagedversion is ideal for code 
development while the cost-effective One-Time Pro
grammable (OTP) version is suitable for production in 
any volume. 

Table 1-1 shows the features of the PIC16C74 as well as 
the other members of the PIC16CXX enhanced core 
family. 

A simplified block diagram of the PIC16C74 is shown in 
Figure 3-1. 

The PIC16C74 fits perfectly in applications ranging from 
high speed automotive and appliance motor control to 
low-power remote sensors, keyboards and telecom 
processors. The EPROM technology makes customiza
tion of application programs (transmitter codes, motor 
speeds, receiver frequencies, etc.) extremely fast and 
convenient. The small footprint packages make this 
microcontroller series perfect for all applications with 
space limitations. Low-cost, low-power, high perfor
mance, ease of use and VO flexibility make the PIC16C74 
very versatile even in areas where no microcontroller 
use has been considered before (e.g. timer functions, 
replacement of "glue" logic in larger systems, co-proces
sor applications). 

1.1 Eamlly and Upward Compatibility 

Those users familiar with the PIC16C5X family of micro
controllers will realize that this is an enhanced version of 
the PIC16C5X architecture. Please refer to Appendix A 
for a detailed list of modifications. Code written for 
PIC16C5X can be easily ported to PIC16CXX family of 
devices (see Appendix B). 

1.2 Development Support 

The PIC16CXX family is supported by a full-featured 
macro assembler, a software simulator, an in-circuit 
emulator, a low-cost development programmer and a 
production quality programmer. A •c• compiler and 
fuzzy logic support tools are in development. 
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PIC16C74 

TABLE 1-1: PIC16CXX FAMILY OF DEVICES 

PIC16C64t PIC16C71t PIC16CB4t 

Maximum Frequency of Operation 20MHz 16MHz 10MHz 

EPROM 2K 1K 
Program Memory (14-bit wide) 

EE PROM 1K 

Data Memory (bytes) 128 36 36 

Data EEPROM (bytes) 64 

Timer 0 (8-bit + 8-bit prescaler) Yes Yes Yes • Timer 1 (16-bit) Yes 

Timer 2 (8-bit) Yes 

Capture/Compare/PWM Module(s) 

Synchronous Serial Port (SPl/l2C) Yes 

Serial Communications Interface (USART) 

Parallel Slave Port Yes 

Analog to Digital Converter (8-bit) 4ch. 

Power On Reset Yes Yes Yes 

Watchdog Timer Yes Yes Yes 

External Interrupts Yes Yes Yes 

Interrupt Sources 8 4 4 

Program Memory Code Protect Yes Yes Yes 

1/0 33 13 13 

110 High Current Capability Source 25mA 20mA 20mA 

Sink 25mA 25mA 25mA 

40-pin DIP, 18-pin DIP 18-pin DIP 
Package Types 44-pin PLCC, 18-pin SOIC 18-pin SOIC 

44-pin PQFP 

t For information on these devices please refer to their respective data sheets. 
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PIC16C74 

2.0 PIC16C74 DEVICE VARIETIES 
A variety of frequency ranges and packaging options are 
available. Depending on application and production 
requirements the proper device option can be selected 
using the information and tables in this section. When 
placing orders, please use the "PIC16C7 4 Product Iden
tification System" on the back page of this data sheet to 
specify the correct part number. 

2.1 UV Erasable Devices 

The UV erasable version, offered in cerdip package is 
optimal for prototype development and pilot programs. 

The UV erasable version can be erased and repro
grammed to any of the oscillator modes etc. Microchip's 
PICSTART™ and PRO MATE™ programmers both sup
port programming of the PIC16C74. 

2.2 One-Time-Programmable (OTP) Devices 

The availability of OTP devices is especially useful for 
customers expecting frequent code changes and up
dates. 

The OTP devices, packaged in plastic packages permit 
the user to program them once. In addition to the 
program memory, the configuration fuses must be pro
grammed. 

2.3 Quick-Turnaround-Production (QTP) 
Devices 

Microchip offers a QTP Programming Service for factory 
production orders. This service is made available for 
users who chose not to program a medium to high 
quantity of units and whose code patterns have stabi
lized. The devices are identical to the OTP devices but 
with all EPROM locations and fuse options already 
programmed by the factory. Certain code and prototype 
verification procedures do apply before production ship
ments are available. Please contact your Microchip 
Technology sales office for more details. 

2.4 Serialized Quick-Turnaround-Production 
(SQTP) Devices 

Microchip offers the unique programming service where 
a few user-defined locations in each device are pro
grammed with different serial numbers. The serial 
numbers may be random, pseudo-random or sequen
tial. 

Serial programming allows each device to have a unique 
number which can serve as an entry-code, password or 
ID number. 

3.0 ARCHITECTURAL OVERVIEW 

The high performance of the PIC16CXX family can be 
attributed to a number of architectural features com
monly found in RISC microprocessors. To begin with, 
the PIC16CXX uses a Harvard architecture, in which, 
program and data are accessed from separate memo
ries. This improves bandwidth over traditional Von
Neuman architecture where program and data are 
fetched from the same memory. Separating program 
and data memory further allows instructions to be sized 
differently than 8-bit wide data word. Instruction op
codes are 14-bit wide making it possible to have all 
single word instructions. A 14-bit wide program memory 
access bus fetches a 14-bit instruction in a single cycle. 
A two-stage pipeline overlaps fetch and execution of 
instructions (see Figure 3-1). Consequently, all instruc
tions (35) execute in a single cycle (200ns @ 20 MHz) 
except for program branches. 

The PIC16C74 addresses 4K x 14 program memory 
space, all on-chip. Program execution is in internal 
memory only. 

The PIC16CXX can directly or indirectly address its 
register files or data memory. All special function 
registers including the program counter are mapped in 
the data memory. The PIC16CXX has a fairly orthogonal 
(symmetrical) instruction set that makes it possible to 
carry out any operation on any register using any ad
dressing mode. This symmetrical nature and lack of 
'special optimal situations' make programming with the 
PIC16CXX simple yet efficient. In addition, the learning 
curve is reduced significantly. 

The PIC16CXX device contains an 8-bit ALU and work
ing register. The ALU is a general purpose arithmetic 
unit. It performs arithmetic and Boolean functions be
tween data in the working register and any register file. 

The ALU is 8-bit wide and capable of addition, subtrac
tion, shift and logical operations. Unless otherwise 
mentioned, arithmetic operations are two's complement 
in nature. In two-operand instructions, typically one 
operand is the working register (W register). The other 
operand is a file register or an immediate constant. In 
single operand instructions, the operand is either the W 
register or a file register. 

The W register is an 8-bit working register used for ALU 
operations. It is not an addressable register. 

Depending on the instruction executed, the ALU may 
affect the values of the Carry (C), Digit Carry (DC), and 
Zero (Z) bits in the STATUS register. The C and DC bits 
operate as a borrow out bit in subtraction. See the 
SUBLW and SUBWF instructions for examples. 

A simplified block diagram is shown in Figure 3-1, with 
a description of the device pins in Table 3-1. 
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FIGURE 3-1: PIC16C74 BLOCK DIAGRAM 

OSC1/ 
CLKIN 
OSC2/ 

CLKOUT 

EPROM 
Program 
Memooy 
4Kx14 

Program 
Bus <14> 

Instruction 
Decode& 

Control 

Timing 
Generation 

AID 

8 Level Stack 
(13blt) 

Direct Addr <7> 

Power-up 
TI mer 

Oscillator 
Start-up nmer 

Power-on 
Reset 

Watchdog 
TI mer 

MCLR voe, Vss 

RAM 
File 

Registers 
192x8 

TimerO nmer1 , nmer2, 
CCP1,CCP2 

Synchronous 
Serial Port 

Serial 
Communications 

Interface (USART) 

t Higher order bits are from STATUS register. 

© 1994 Microchip Technology Inc. IP11®~~m~lfll~IFSf 
2-403 

PIC16C74 
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DS30337A-page 5 



PIC16C74 

TABLE 3-1: PIC16C74 PINOUT DESCRIPTION 

Pin 

Name 
DIP PLCC PQFP 1/0/P Buffer Description 
No. No. No. Type Type 

OSC1/CLKIN 13 14 30 I CMOS Oscillator crystal inpuVexternal clock source input. 

OSC2/CLKOUT 14 15 31 0 - Oscillator crystal output. Connects to cistal or resonator 
in cmtal oscillator mode. In RC mode, SC2 pin outputs 
CL UT which has 1/4 the frequency of OSC1, and 
denotes the instruction cycle rate. 

--
MCLRNPP 1 2 18 1/P ST Master clear (reset) inpuVpropramming voltage input. 

This pin is an active low rese to the device. 

RAO/ANO 2 3 19 1/0 TTL 
PORTA is a bidirectional 1/0 port. 

Analog input o 
RA1/AN1 3 4 20 1/0 TTL Analog input 1 

RA2/AN2 4 5 21 1/0 TTL Analog input 2 

RA3/AN3 5 6 22 1/0 TTL Analog input 3 

RA4/TOCKI 6 7 23 1/0 ST Can also be selected to be the clock input to the TMRO 
timer/counter. Output is open collector type. 

-
RA5/AN4/SS 7 8 24 1/0 TTL Can also be the slave select for the synchronous serial 

port or analog input 4. 

PORTB is a bidirectional 110 ~ort. Port B can be software 
programmed for internal wea pull-up on all inputs. 

ABO/INT 33 36 8 1/0 TTUSTt A.BO/INT can also be selected as an external interrupt 
pin. 

RB1 34 37 9 1/0 TTL 

RB2 35 38 10 1/0 TTL 

RB3 36 39 11 1/0 TTL 

RB4 37 41 14 1/0 TTL Interrupt on change pin. 

RB5 38 42 15 1/0 TTL Interrupt on change pin. 

RBS 39 43 16 1/0 TTUSTt Interrupt on change pin. Serial programming clock. 

RB7 40 44 17 1/0 TTUSTt Interrupt on change pin. Serial programming data. 

Legend: I = input, O = output, 110 = input/output, P = power; 
- = Not used, TTL = TTL input, ST= Schmitt trigger input 

t This buffer is a Schmitt triger input when configured as the external interrupt. 
:j: This buffer is a Schmitt Trigger input when used in serial programming mode. 

0530337 A-page 6 IPir®~~m~llll~lt~ 
2-404 

(Cont.) 

© 1994 Microchip Technology Inc. 



PIC16C74 

TABLE 3-1: PIC16C74 PINOUT DESCRIPTION (CONT.) 

Pin 

Name DIP PLCC PQFP UO/P Buffer Description 
No. No. No. Type Type 

PORTC is a bidirectional 1/0 port. 

RCO/T10SO/ 15 16 32 1/0 ST RCO/T10SO/T1CKI can also be selected as a Timer1 
T1CKI oscillator outpuVTimer1 clock input. 

RCO/T10SI/ 16 18 35 1/0 ST RCO/T10Sl/CCP2 can also be selected as a Timer1 
CCP2 oscillator input or Capture 2, input/Compare 2 output/ 

PWM2output. 

RC2/CCP1 17 19 36 1/0 ST RC2/CCP1 can also be selected as a capture1 input/ 
compare1 output/PWM1 output. 

RC3/SCK/SCL 18 20 37 1/0 ST RC3/SCK/SCL can also be selected as the 
synchronous serial clock for both SPI and 12C modes. 

RC4/SDllSDA 23 25 42 110 ST RC4/SDllSDA can also be selected as the SPI Data In 
(SPI mode) or data 1/0 (12C mode). 

RC5/SDO 24 26 43 1/0 ST RC5/SDO can also be selected as the SPI Data Out 
(SPI mode). 

RC6/TX/CK 25 27 44 1/0 ST RC6/TX/CK can also be selected as Asynchronous 
Transmit or SCI Synchronous Clock 

RC7/RX/DT 26 29 1 1/0 ST RC7/RX/DT can also be selected as the 
Asynchronous Receive or SCI Synchronous Data 

PORTO is a bidirectional 1/0 port or parallel slave port for 
interfacing to a microprocessor bus. 

RDO/PSPO 19 21 38 1/0 ST/TTL§ 

RD1/PSP1 20 22 39 1/0 ST/TTL§ 

RD2/PSP2 21 23 40 1/0 ST/TTL§ 

RD3/PSP3 22 24 41 1/0 ST/TTL§ 

RD4/PSP4 27 30 2 1/0 ST/TTL§ 

RD5/PSP5 28 31 3 1/0 ST/TTL§ 

RD6/PSP6 29 32 4 1/0 ST/TTL§ 

RD7/PSP7 30 33 5 1/0 ST/TTL§ 

REO/RD/AN5 8 9 25 1/0 ST/TTL§ Bidirectional 1/0 pin, read control for parallel slave port, or 
analog input 5 . 

RE1/WR/AN6 9 10 26 1/0 ST/TTL§ Bidirectional 1/0 pin, write control for parallel slave port, or 
analog input 6. 

RE2/CS/AN7 10 11 27 1/0 ST/TTL§ Bidirectional 1/0 pin, select control for parallel slave port, or 
analog input 7. 

Vss 12,31 13,34 6,29 p - Ground reference for logic and 1/0 pins. 

Voe 11,32 12,35 7,28 p - Positive supply for logic and 110 pins. 

NC - 1,17 12,13 - These pins are not internally connected. These pins should 
28,40 33,34 be left unconnected. 

Legend: I = input, 0 =output, 1/0 = input/output, P = power; 
- = Not used, TTL =TTL input, ST= Schmitt trigger input 

§ This buffer is a Schmitt trigger input when configured as general purpose 1/0 and a TTL input when used in the parallel slave port 
mode (for interfacing to a microprocessor bus). 
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PIC16C74 

3.1 Clocking Scheme/Instruction Cycle 

The clock input (from OSC1) is internally divided by four 
to generate four non-overlapping quadrature clocks 
namely 01, 02, 03 and 04. Internally, the PC is 
incremented every 01, the instruction is fetched from 
the program memory and latched Into. the instruction 
register in 04. The instruction is decoded and executed 
during the following 01 through 04. ·The clocks and 
instruction execution flow is shown in Figure 3-2. 

FIGURE 3-2: CLOCK/INSTRUCTION CYCLE 

OSC1 ' 

Q1 

' 
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Q4 

3.2 Instruction Flow/P!pel!nlng 

An "Instruction Cycle" consists of four O cycles (01, 02, 
03 and 04). The instruction fetch and execute are 
pipelined such that fetch takes one instruction cycle 
while decode and execute takes another instruction 
cycle. However, due to the pipelining, each instruction 
effectively executes in one cycle. If an instruction 
causes the program counter to change (e.g. GOTO) 
then two cycles are required to complete the instruction 
(see Example 3-1). 

A fetch cycle begins with the program counter (PC) 
incrementing In 01. 

In the execution cycle, the fetched instruction is latched 
into the "Instruction Register (IR)" in cycle 01. This 
instruction is then decoded and executed during the 02, 
03, and 04 cycles. Data memory is read during 02 
(operand read) and written during 04 (destination write). 

Q11Cl2lallQ4 

~ 1~----~~..-----v----~PC..-,-+r1----v-----..PC~+~2,----~ 

(PIOglMI Ccunlef) ' 

OSC2/CLKOUT 

(RCModa) ,_' --~~==-----l 
Felch INST (PC) 

ExeaJle INST PC-1 Fetch INST PC+1 
ExeaJle INST (PC) 

EXAMPLE 3-1: INSTRUCTION PIPELINE FLOW 

l.MOVLW 
2.MOVWF 
3.CALL 
4. BSF 

SSh 
PORTB 
SUB_l 
PORTA, BIT3 

Fetch 1 I Execute 1 
L Fetch 2 Execute2 

Fetch 3 Execute3 l 
Fetch 4 

1 Fetch SUB_1] 

All instructions are single cycle, except for any program branches. These take two cycles since the fetched 
instruction is 'flushed' from the pipeline while the new instruction is being fetched and then executed. 
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4.0 MEMORY ORGANIZATION 

4.1 Program Memory Organization 

The PIC16C7 4 has a 13-bit program counter capable of 
addressing an SK x 14 program memory space. Only the 
first 4K x 14 (OOOOh - OFFFh) are physically imple
mented. Accessing a location above FFFh will cause a 
wrap-around within the first 4K x 14 space. The reset 
vector is at OOOOh and the interrupt vector is at 0004h 
(see Figure 4-1 ). 

FIGURE 4-1: PROGRAM MEMORY MAP 
AND STACK 

CALL, RETURN 
RETFIE, RETLW 

13 

Stack Level 8 

Reset Vector 
1-----------1 

OOOOh 

Interrupt Vector 0004h 
1-----------1 

On-<:hipProgram OOOSh 
Memory (Page 0) 07FFh 

On-chipProgram 
Memory (Page 1) 

0800h 

OFFFh 

••• P" ..... 1111111111. 1000h 

1FFFh 

Configuration Fuses• 2007h 

>----------~ FFFFh 
• In Test Program Memory Space 

4.2 Data Memory Organization 

The data memory (see Figure 4-2) is partitioned into two 
Banks which contain the general purpose registers and 
the special function registers. Bank o is selected when 
the RPO bit in the STATUS register is cleared. Bank 1 is 
selected when the RPO bit in the STATUS register is set. 
Each Bank extends up to 7Fh (128 bytes). The first 32 
locations of each Bank are reserved for the Special 
Function Registers. Register locations 20h-7Fh (Bank 
O) and AOh-FFh (Bank 1) are general purpose registers 
implemented as static RAM. Some special function 
registers are mapped in Bank 1. 

4.2.1 GENERAL PURPOSE REGISTER FILE 

The register file, in PIC16C74 is organized as 192x8. It 
is accessed either directly or indirectly through the file 
select register FSA (see Section 4.4). 

PIC16C74 

FIGURE 4-2: REGISTER FILE MAP 

File 
address 
-----~----~ 00 Indirect addr.(") Indirect addr.(") BO 

01 TMRO OPTION B1 

02 PCL PCL B2 1------....... -------1 
03 STATUS STATUS B3 

04 FSR FSR B4 

05 PORT A TRIS A B5 

06 PORT B TRIS B B6 

07 PORT C TRIS C B7 

08 PORT D TRIS D 88 

09 PORTE 

OA PCLATH 

OB INTCON 

OC PIR1 

OD PIR2 

OE TMR1L 

OF TMR1H 

10 T1CON 

11 TMR2 

12 T2CON 

13 SSPBUF 

14 SSPCON 

15 CCPR1L 

16 CCPR1H 

17 CCP1CON 

1B RCSTA 

19 TXREG 

1A RCREG 

1B CCPR2L 

1C CCPR2H 

1D CCP2CON 

1E ADRES 

1F ADCONO 

20 

7F 

General 
Purpose 
Register 

TRIS E B9 

PCLATH BA 

INTCON BB 

PIE1 BC 

PIE2 BD 

PCON BE 

ADCON1 

General 
Purpose 
Register 

BF 

90 

91 

92 

93 

94 

95 

96 

97 

9B 

99 

9A 

9B 

9C 

90 

9E 

9F 

AO 

FF 

Bank O Bank 1 

• Not a physical register 
Iii! Unimplemented data memory locations; read as 'O's 
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PIC16C74 

4.2.2 SPECIAL FUNCTION REGISTERS: The special registers can be classified into two sets. The 
special registers associated with the 'core' functions are 
described in this section. Those related to the operation 
of the peripheral features are described in the section of 
that peripheral feature. 

The special function registers are registers used by the 
CPU and Peripheral functions for controlling the desired 
operation of the device (see Table 4-1 ). These registers 
are static RAM. 

TABLE 4-1: SPECIAL REGISTERS FOR THE PIC16C74 
Address Name Bit7 I Bil& I Bit 5 _[ 

Banko 

Bit4 _[ Bit3 I 

OOt INDF Addressing this location uses contents of FSA to address data memory 
(Indirect Address) (not a physical register) 

01 TMRO TimerO 

02t PCL Program Counte(s (PC"s) Least Significant Byte 

03t STATUS RPO l TO l PD l 
04t FSA Indirect data memory address pointer 

05 PORTA PORTA Data Latch where written to PORTA pins when read 

06 PORTB PORTB Data Latch where written to PORTB pins when read 

07 PORTC PORTC Data Latch where written to PORTC pins when read 

08 PORTO PORTO Data Latch where written to PORTO pins when read 

09 PORTE PORTE Data Latch where written to PORTE pins when read 

OAt PCLATH Buffered Register for the upper 5 bits of the Program Counter (PC) 

OBt INT CON GIE l PEIE TOIE INTE RBIE l 

Blt2 :r 

z I 

TOIF l 
oc PIR1 PSPIF l AOIF ± RCIF ± TXIF ± SSPIF l CCP11F j 
OD PIR2 - 1 - l - l - l - J - l 
OE TMR1L Timer1 Least Significant Byte 

OF TMR1H Timer1 Most Significant Byte 

Bit 1 :r 

DC I 

INTF l 
TMR21F l 

- L 

10 T1CON - J - j T1CKPS1 l T1CKPSO l T10SCEN j T11NSYNC l TMR1CS j 
11 TMR2 Timer2 

BitO 

c 

RBIF 

TMR11F 

CCP21F 

TMR10N 

12 T2CON - I TOUTPS3 I TOUTPS2 I TOUTPS1 I TOUTPSO I TMR20N I T2CKPS1 I T2CKPSO 

13 SSPBUF Synchronous Serial Port Receive Buftertrransmit Register 

14 SSPCON WCOL l SSPOV l SSPEN l CKP l SSPM3 l SSPM2 l SSPM1 l SSPMO 

15 CCPR1L Capture/Compare/[)_ll!y_~ ~ste~SB) 

16 CCPR1H Capture/Compare/Duty Cycle Register (MSB) 

17 CCP1CON - 1 - l CCPIX I CCPIY I CCPIM3 J CCP1M2 I CCP1MI l CCP1MO 

18 RCSTA SPEN RCB/9 I SREN I CREN I - I FERR 1 DERR I RCDB 

19 TX REG SCI Transmit Data Register 

IA RC REG SCI Receive Data Register 

18 CCPR2L Capture/Compare/Duty Cycle Register 2 (LSB) 

1C CCPR2H Capture/Compare/Duty Cycle Register 2 (MSB) 

10 CCP2CON - 1 - 1 CCP2X l CCP2Y l CCP2M31 CCP2M2 I CCP2M1 I CCP2MO 

1E AD RES AID ResuH ~ster 

IF ADCONO ADCS1 l ADCSO l CHS2 l CHS1 l CHSO l GO/OONE I - I ADON 

Legend - = Unimplemented locations, Read as 'O' (Cont.) 

t These registers can be addressed from either bank. 
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PIC16C74 

TABLE 4-1: SPECIAL REGISTERS FOR THE PIC16C74 (CONT.) 

Address Name Bit& Bit5 Bit4 Blt3 Blt2 Bil1 BltO 

Bank1 

eot INDF 
Indirect Address 

81 OPTION PSA PS2 PS1 PSO .. 82 PCL 

83t STATUS PD z DC c 
84 FSA 

85 TAISA 

88 TAISB 

87 TAISC 

88 TAISD 

89 TAISE TAISE2 TAISE1 TAI SEO 

8At PCLATH 

8Bt INT CON GIE ABIE TOIF INTF ABIF 

BC PIE1 CCP11E TMA21E TMA11E 

© 1994 Microchip Technology Inc. P11®m1il~ll'il~ll'3f DS30337A-page 11 

2-409 



PIC16C74 

4.2.2.1 STATUS Register 

The STATUS register contains the arithmetic status of 
the ALU, the RESET status and the page preselect bits 
for data memory. 

It is recommended, therefore, that onlyBCF, BSF, SWAPF 
and MOVWF instructions are used to alter the status 
registers because these instructions do not affect any 
status bit. For other instructions, affecting any status 
bits, see the 'Instruction Set Summary'. 

The STATUS register can be the destination for any 
instruction, like any other register. If the STATUS regis
ter is the destination for an instruction that affects the Z, 
DC orC bits, then the write to these three bits is disabled. 
These bits ara.set or ...cleared according to the logic. 
Furthermore, TO and PD bits are not writable. There
fore, the result of an instruction with the STATUS regis
ter as destination may be different than intended. 

For example, CLRF STATUS will clear the upper-three 
bits and set the Z bit. This leaves the status register as 
OOOUU1UU (where U =unchanged). 

FIGURE 4-3: STATUS REGISTER 

PJW PJW PJW R R PJW 

10 PD z 

DS30337A-page 12 

R/W R/W 

ex: c 
Register: STATUS R/W: Readable & writable 
Address: 03h or B3h R: Read only 

U Unimplemented, 
read as 'O' 

Reset value: OOO??XXX 
bilO To, Po are set or cleared specially 

C: Carry/borrow bit. 
For AODWF and ADDLW instructions. 
1 = A carry-out from the most significant bit of the result occurred. 

Note that a subtraction is executed by adding the two's 
complement of the second operand. For rotate (RRF, RLF} 
instructions, this bit is loaded with either the high or low order bit 
of the source register. 

0 = No carry-out from the most significant bit of the result. 
Note: For Borrow the polarity is reversed. 

DC: Digit carry/borrow bit. 
For ADDWF and ADDLW instructions. 
1 = A carry-out from the 4th low order bit of the result occurred. 
O = No carry-out from the 4th low order bit of the result. 
Note: For Borrow the polarity is reversed. 

z: Zero bit. 
1 = The result of an arithmetic or logic operation is zero. 
O = The result of an arithmetic or logical operation is not zero. 

PD: Power down bit. 
1 = After power-up or by a CLRWOT command. 
O = By execution of the SLEEP instruction. 

TO: Time-out bit. 
1 = After power-up and by the CLRWDT and SLEEP instruction. 
0 = A watchdog timer time-out has occurred. 

RP<1 :0>: Register page select bits for direct addressing. 

00 = Bank 0 (OOh • 7Fh) 
01 = Bank 1 (80h • FFh) 
10 =Bank 2 (100h • 17Fh) 
11=Bank3 (160h-1FFh) 

Each page is 128 bytes. 
Only the RPO bit is used by the PIC16C74. RP1 should be programmed as 
'O'. Using the RP1 bit as a general purpose read/write bit is not 
recommended, since this may affect upward compatibility with future 
products. 

IRP: Register page select bits for indirect addressing. 
0 = Bank 0, 1 (OOh • FFh) 
1 =Bank 2,3 (100h • 1 FFh) 

The IRP bit is not used by the PIC16C74. IRP should be programmed as 'O'. 
Use of the IRP bit as a general purpose read/write bit is not recommended, 
since this may affect upward compatibility with future products. 
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4.2.2.2 OPTION Register 

The OPTION register (address 81h) is a readable and 
writable register which contains various control bits to 
configure the prescaler, the external I NT interrupt, TMRO, 
and the weak pull-ups on PORTB. 

FIGURE 4-4: OPTION REGISTER 

A/W A/W A/W A/W A/W A/W A/W A/W 

l RBPUl INTEOG 1 RTS 1 RTE l PSA l PS2 l PS11 PSO J 
Address: 81h A/W: 
Reset value: FFh R: 

U: 
7 

' I 

PSA: 

1=P 
O=P 

RTE: 

bitO 
/ 

0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 

0 

Prescaler assignment bit. 
rescaler assigned to the WOT 
rescaler assigned to TMRO 

TMRO signal edge. 

PIC16C74 

Readable & writable 
Read only 
Unimplemented. 
Read as 'O' 

lMRORATE WDTRATE 

1 : 2 1 
1 : 4 2 
1 : 8 4 
1 : 16 8 
1 : 32 16 
1:64 32 
1 : 128 64 
1 : 256 128 

1 =In crement on high-to-low transition on RA4/TOCKI pin 
ncrement on low-to-high transition on RA4/TOCKI pin 0=1 

O 1994 Microchip Technology Inc. 

RTS: TMRO signal source. 
1=T ransltion on RA4/TOCKI pin 
O=lnt emal instruction cycle clock (CLKOUT) 

INTE DG: Interrupt edge select. 

1 =Int errupt on rising edge 
O=lnt errupt on fallin11 ed11e 

--
RBPU: Port B pull-up enable. 

1 = Port B pull-ups are disabled overriding any port latch value 
0 = Port B pull-UPS are enabled by individual port-latch values 
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PIC16C74 

4.2.2.3 INTCON Register 

The PIC16C74 has twelve sources of interrupt: 

• External interrupt from RBO/INT pin 
• TimerO overflow 
• Interrupt on change on RB<7:4> pins 
• Timer1 overflow 
• Timer2 matches period register 
• A capture, a compare, or a PWM output is reset 
• The synchronous serial port 
• The parallel slave port read/write 
• AID complete interrupt 
• USART receive/transmit interrupt 

The interrupt control register (INTCON) records indi
vidual interrupt requests in flag bits. It also has individual 
and global enable bits. The peripheral interrupt flags 
reside in the PIR1 register (Addr OCh). 

A global interrupt enable bit, GIE (INTCON<7>) enables 
(if set) all un-masked interrupts or disables (if cleared) all 
interrupts. Individual interrupts can be disabled through 
their corresponding mask bit in INTCON register 
(Figure 4-5). GIE is cleared on reset. 

FIGURE 4-5: INTCON REGISTER 

R/W R/W R/W R/W R/W R/W R/W R/W 

l GIE l PEIE l TOIE J 1NTE l ABIE l TOIF J 1NTF l RBIF J 
7 bitO 

When an interrupt is responded to, the GIE is cleared to 
disableanyfurtherinterrupt, the return address is pushed 
into the stack and the PC is loaded with 0004h. For 
external interrupt events, such as the INT pin or PORTB 
change interrupt, the interrupt latency will be three or 
four instruction cycles. The exact latency depends when 
the interrupt event occurs (see Figure 12-15). The 
latency is the same for one or two cycle instructions. 
Once in the interrupt service routine the source( s) of the 
interrupt can be determined by polling the interrupt flag 
bits. The interrupt flag bit(s) must be cleared in software 
before re-enabling interrupts to avoid infinite interrupt 
requests. Individual interruptflag bits are set regardless 
of the status of their corresponding mask bit or the GIE 
bit. 

The 'return from interrupt' instruction, RETFIE, exits 
interrupt routine as-well as sets the GIE bit to re-enable 
interrupts. 

Register: INTCON R/W:. Readable & 
Address: OBh or 8Bh 
Reset value: 0000 OOOxb R: 

U: 

writable 
Read only 
Unimplemented, 
read as 'O' 

'---- RBIF: RB port change interrupt flag. 

DS30337A-page 14 

1 =When at least one of the RB<7:4> inputs change. 
Must be cleared by software. 

O = None of the RB<7:4> inputs have changed. 

INTF: External interrupt flag. 

1 =The external INT interrupt has occurred. 
Must be cleared by software. 

O = The INT interrupt did not occur 

TOIF: TMRO overllow interrupt flag. 

1 = The TMRO has overllowed. 
Must be cleared by software. 

0 = TMRO did not overllow. 

RBIE: RB port change Interrupt enable bit. 

1 = Enables RBIF interrupt 
O = Disables RBIF interrupt 

INTE: INT interrupt enable bit. 

1 = Enables INTF interrupt 
O = Disables INTF interrupt 

TOIE: TOIF interrupt enable bit. 

1 = Enables TOIF interrupt 
o = Disables TOIF interrupt 

PEIE: Peripheral interrupt enable bit. 

1 = Enables all un-masked peripheral interrupts 
0 = Disables all peripheral interrupts 

GIE: Global interrupt enable. 

1 = Enables all un-masked interrupts 
O = Disables all interrupts 

IPrr®~~mh'il~rr~ C 1994 Microchip Technology Inc. 
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4.2.2.4 PIE1 Register 

This register contains the individual enable bits for the 
Peripheral Interrupts. 

FIGURE 4-6: PIE1 REGISTER 

R/W R/W R/W R/W R/W R/W R/W R/W 

l PSPIEl ADIEJ RCIEJ TXIE] SSPIE] CCP11E lTMR21EI TMR11E J 
7 bitO 

'-

PIC16C74 

Register: PIE1 R/W: Readable & 
Address: 8Ch writable 
Reset value: OOh R: Read only 

U: Unimplemented, 
read as 'O' 

TMR11E: Timer1 interrupt enable bit. 

1 = Enables TMR1 IF interrupt. 
o =Disables TMR1 IF interrupt. 

TMR21E: Timer2 interrupt enable bit. 

1 = Enables TMR21F interrupt. 
o = Disables TMR21F interrupt. 

CCP11E: CCP1 interrupt enable bit. 

1 = Enables CCP1 IF interrupt. 
O = Disables CCP1 IF interrupt. 

SSPIE: Synchronous serial port interrupt enable bit. 

1 = Enables SSPIF interrupt. 
O = Disables SSPIF interrupt. 

TICIE: Serial communication interface transmit 
interrupt enable bit. 

0 = Disables TXIF interrupt. 
1 = Enables TXIF interrupt. 

RCIE: Serial communication interface receive 
interrupt enable bit. 

0 = Disables RXIF interrupt. 
1 = Enables RXIFL interrupt. 

ADIE: AID converter interrupt enable bit. 
0 = Disables ADIF interrupt. 
1 = Enables ADIF interrupt. 

PSPIE: Parallel slave port interrupt enable bit. 

1 = Enables PSPIF interrupt. 
O = Disables PSPIF interrupt. 
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PIC16C74 

4.2.2.5 PIR1 Register 

This register contains the individual flag bits for the 
Peripheral Interrupts. 

FIGURE 4-7: PIR1 REGISTER 

R/W R/W R R R/W R/W R/W R/W 

lPSPIF lADIF1RCIF1TXIFl SSPIF l CCP11F1 TMR21F l TMR11F J 
7 bitO 

Register. PIR1 R/W: Readable & 
Address: OCh writable 
Reset value: OOh R: Read only 

U: Unimplemented, 
read as 'O' 

TMR1 IF: Timer1 interrupt flag. 

1 = Timer1 overflowed. 
Must be cleared in software. 

0 =No Timer1 overflow. 

TMR21F: Timer2 interrupt flag. 

1 = Timer2 matches period register PR2. 
Must be cleared in software. 

0 = No Timer2 period match. 

CCP11F: Capture1/Compare1/PWM1 interrupt. 

Capture Mode 

1 =A Timer1 capture has occurred. 
Must be cleared by software. 

0 = No Timer1 capture occurred. 

Compare Mode 

1 = A Timer1 compare match has occurred. 
Must be cleared by software. 

0 = No Timer1 compare match occurred. 
PWMMode 

Unused 

SSPIF: Synchronous serial port. 

1 = A transmission/reception is completed. 
Must be cleared in software. 

0 = Waiting to transmit/receive. 

TXIF: Serial communication interface transmit 
interrupt flag. 

1 =Transmit buffer is empty. 
0 = Transmit buffer is full. 

RCIF: Serial communication interface receive 
interrupt flag. 

1 = Receive buffer is full. 
0 = Receive buffer is empty. 

ADIF: AID conversion complete interrupt flag. 
1 = An AID conversion has completed. 
0 = An AID conversion has not completed. 

PSPIF: Parallel slave port read/write interrupt flag. 

1 = A read or a write operation has taken place. 
Must be cleared in software. 

O =No read or write has occurred. 
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PIC16C74 

4.2.2.6 PIE2 Register 4.2.2. 7 PIR2 Register 

This register contains the individual enable bit for the 
Peripheral Interrupts. 

This register contains the individual flag bit for the 
Peripheral Interrupts. 

FIGURE 4-8: PIR2 REGISTER 

R/VV 

l CCP21E J 
7 bitO 

FIGURE 4-9: PIE2 REGISTER 

R/VV 

l l CCP21F J 
7 bitO 

© 1994 Microchip Technology Inc. !P11®~~m~lrll~ll')f 
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Register: PIE2 R/W: Readable & 
Address: BDh writable 
Reset value: OOh R: Read only 

U: Unimplemented, 
read as 'O' 

CCP21E: CCP2 interrupt enable bit 
1 = Enables CCP21F interrupt 
o = Disables CCP21F interrupt 

Unimplemented, reads as 'O'. 

Register: PIR2 R/W: Readable & 
Address: ODh writable 
Reset value: OOh R: Read only 

U: Unimplemented, 
read as 'O' 

CCP21F: Capture2/compare2/PWM2 interrupt 

Capture Mode 

1 =A Timer1 capture has occurred. 
Must be cleared by software. 

0 =No Timer1 capture occurred. 

Compare Mode 

1 =A Timer1 compare match has occurred. 
Must be cleared by software. 

0 = No Timer1 compare match occurred. 

PWMMode 
Unused 

Unimplemented, reads as 'O'. 
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4.2.2.8 PCON Register 

The PCON register contains flag bits to allow differentia
tion between a Power-on Reset to an external Ma.A 
reset, WOT reset. 

FIGURE 4·10: PCON REGISTER 

u RNI 

[ - l POR 

7 

RNI 

l - J 

L 
Register: PCON RN/: Readable& 
Address: BEh writable 
POR reset: 03h R: Read only 

U: Unimplemented, 
read as 'O' 

Reserved 

This bit should be programmed as '1 '. Use of this 
bit as a general purpose read/write bit is not 
recommended, since this may affect upward 
compatibility with future products. 

POR : Power on reset flag. 

1 = No power on reset has occurred. 
O = A power-on-reset has occurred. 

Software must set this bit after a 
power-on-reset condition has occured. 

Unimplemented, 
Read as 'O'. 

For further details on interrupts, please refer to the "Interrupts" Section. 
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4.3 PCL and PCLATH 

The program counter (PC) is 13-bit wide. The low byte, 
PCL is a readable and writable register (addr 02h or 
82h). The high byte of the PC (PCH) is not directly 
readable or writable. The high byte of the PC can be 
written through the PCLATH register (addr OAh or 8Ah). 
When the PC is loaded with a new value during a CALL, 
GOTO or a write to PCL, the high bits of PC are loaded 
from PCLA TH as shown in Figure 4-11. 

FIGURE 4-11: LOADING OF PC IN 
DIFFERENT SITUATIONS 

12 8 7 0 

PC~-~{t-~' --~iC~-B-~~ :~::~ PCL 

: 5,/t PCLATH <4:0> t===;~=> ALU result 

PC 

PCLATH 

12 11 10 

11 

0 
GOTO CALL 

L'===7"'== Opcode (10:0) 

PCLATH 

4.3.1 COMPUTED GOTO 

When doing a table read using a computed GOTO 
method, care should be exercised if the table location 
crosses a PCL memory boundary (each 256 byte block). 
Refer to the application note 'Table Read Using the 
PIC16CXX' (AN556). 

4.3.2 Stack 

The PIC16CXX has an 8-bit deep x 13-bitwide hardware 
stack (see Figure 4-1 ). The stack space is not part of 
either program or data space and the stack pointer is not 
readable or writable. The PC is PUSHed in the stack 
when a CALL instruction is executed or an interrupt is 
acknowledged. The stack is POPped in the event of a 
RETURN, RETLW or a RETFIE instruction execution. 
PCLA TH is not affected by a 'PUSH" or a "POP" opera
tion. 

The stack operates as a circular buffer. This means that 
after the stack has been 'PUSHed' eight times, the ninth 
push overwrites the value that was stored from the first 
push. The tenth push overwrites the second push (and 
so on). This means that the user can implement 'soft
ware resets' for the system. 

PIC16C74 

4.3.3 Program Memory Paging 

The PIC16C74 has 4-Kbytes of program memory, but 
the CALL and GOTO instructions only have a 11-bit 
address range. This 11-bit address range allows a branch 
within a 2-Kbyte program memory page size. To allow 
CALL and GOTO instructions to address the entire 4-
Kbyte program n:iemory address range, there must be 
another bit to specify the program memory page. This 
paging bit comes from the PCLATH<3> bit (see 
Figure 4-11 ). When doing a CALL or GOTO instruction, 
the user must ensure that this page bit (PCLATH<3>) is 
programmed to the desired program memory page. If a 
CALL instruction (or interrupt) is executed, the entire 13-
bit PC is pushed onto the stack. Therefore, manipulation 
of the PCLA TH<3> is not required for the return instruc
tions (which pops the PC from the stack). 

Example 4-1 shows the calling of a subroutine in page 1 
of the program memory. This example assumes that the 
PCLATH is saved and restored by the interrupt service 
routine (if interrupts are used). 

EXAMPLE 4-1: CALL OF A SUBROUTINE IN 
PAGE 1 FROM PAGE 0 

ORG OX500 
BSF PCLATH, 3 ; Select page l (800h-FFFh) 

CALL SUBl_Pl ; Call subroutine in 
; page 1 (800h-FFh) 

ORG Ox900 
SUBl-Pl 

RETURN 

; called subroutine 
; page 1 ( 800h-FFh) 

; return to page 0 
; (000h-7FFh) 

© 1994 Microchip Technology Inc. IPir~~~m~llil~lrSf DS30337A-page 19 

2-417 

• 



PICt6C74 

4.4 Indirect Addressing. INDF and FSR 
Registers 

The INDF register is not a physical register. Addressing 
the INDF register will cause an indirect addressing. 

Indirect addressing is possible by using the INDF regis
ter (address OOh). Any instruction using the INDF 
register actually accesses data pointed to by the file 
select register (FSA). Reading INDF itself indirectly will 
produce OOh. Writing to the INDF register indirectly 
results in a no-operation (although status bits may be 
affected). An effective 9-bit address is obtained by 
concatenating the B·bit FSA register and the IRP bit 
(STATUS<?>), as shown in Figure 4-10. However, IRP 
is not used in this PIC16C74. 

FIGURE 4-12: DIRECT/INDIRECT ADDRESSING 

RP1 RPO 

fCJ 
~ 

Direct Addressing 

6 from opcode 

I I I 
page select t 

'~-------+------< .. ~ 00 01 
00~ 

location select 

Data 
Memory 

BF 
co 

7F'-------'----
Banko Bank1 

Note: For memory map detail, see Figure 4.2 

Bank2 

A simple program to clear RAM location20h·2Fh using 
indirect addressing is shown in Example 4-2. 

EXAMPLE 4-2: INDIRECT ADDRESSING 

molw Ox20 ;initialize painter 

mowf FSR ;to RAM 

NEXT clrf INDF ;clear indent by 

incrf FSR ; inc pointer 

btfss FSR,4 ;all done? 

goto NEXT ;no clear next 

CONTINUE: ;yes continue 

Indirect Addressing 

IRP 7 (FSR) 0 • . I I 

11 pa .. ~1-ge_se_l_ect ____ ~J--
<1 

7F 
Bank3 
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5.0 VO PORTS 

The PIC16C74 has five ports, PORTA through PORTE. 
These ports pins may be multiplexed with an alternate 
function for the peripheral features on the device. 

5.1 PORTA and !RISA Registers 

PORTA is a 6-bit wide latch. RA4 is a Schmitt trigger 
input and an open collector output. All other RA port pins 
have TTL input levels and full CMOS output drivers. All 
pins have data direction bits (TRIS registers) which can 
configure these pins as output or input. 

A '1' in the TRISA register configures the corresponding 
port pin as input. 

Reading PORTA register reads the status of the pins 
whereas writing to it will write to the port latch. 

Port RA4 is multiplexed with TMRO clock input. 

FIGURE 5-1: BLOCK DIAGRAM OF PORT 
PINS RA<3:0> and RA<5> 

Data 
bus 

D Q 

'WR Voo 
PORT" 

CK 

D 

"WR 
TRIS' 

CK 

To AID Converter 

Note: 110 pins hace protection diodes to Voo and Vss. 

PIC16C74 

Other PORTA pins are multiplexed with analog inputs 
and analog VREF input. The operation of these pins are 
selected by control bits in ADCON1 (AID control regis
ter1) register. When selected as an analog input, these 
pins will read as 'O's. 

TRISA controls the direction of the RA pins, even when 
they are being used as analog inputs. The user must 
make sure to keep the pins configured as inputs when 
using them as analog inputs. 

EXAMPLE 5-1: INITIALIZING PORTA 

CLRF 

BSF 

PORTA ; Initialize PORTA by setting 
; output data latches 

STATUS, RPO ; Select Bankl 
MOVLW OxCF ;Value used to initialize 

;data direction 
MOVWF TRISA ;Set RA<3:0> as inputs 

RA<5:4> as outputs 
;TRISA<7:6> are always 
;read as '0'. 

FIGURE 5-2: BLOCK DIAGRAM OF RA4 PIN 

Data 
bus 

"WR 
PORT" 

"WR 
TRIS" 

D 

CK 

D 

CK 

Q 

a 

Q 

a 

'RD 
TRISA" 

TMRO clock input 

Note: 1/0 pin has protection diodes to Vss only. 
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TABLE 5-1: PORTA FUNCTIONS 

Name Bit Buffer Type Function 

RAO/ANO bito TTL lnpuVoutput or analog input 

RA1/AN1 bit1 TTL lnpuVoutput or analog input 

RA2/AN2 bit2 TTL lnpuVoutput or analog input 

RA3/AN3 bit3 TTL lnpuVoutput or analog input 

RA4/TOCKI bit4 ST lnpuVoutput or external clock input for TMRO. 
Output is open collector type 

-
RA5/AN4/SS bits TTL lnpuVoutput, slave select input for synchronous 

serial port, or analog input 

Legend: TTL = TTL input, ST = Schmitt trigger input 

TABLE 5-2: SUMMARY OF PORTA REGISTERS 

Register Name Function Address Power-on Reset Value 

PORTA PORTA pins when read 05h --xx xxxx 
PORT A latch when written 

TRISA PORTA data direction register 85h --11 1111 
O = output, 1 = input 

Notes: 1: x = unknown, - = unimplemented, reads as a 'O'. 
2: For reset values of registers in other reset situations refer to Table 12-6. 
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5.2 PORTB and TRISB Registers 

PORTB is an 8-bit wide bidirectional port (file register 
address 06h). The corresponding data direction register 
is TRISB (address 86h). A '1' in TRISB configures the 
corresponding port pin as an input. Reading PORTB 
register reads the status of the pins, whereas writing to 
it will write to the port latch. 

Each of the PORTB pins has a weak internal pull-up 
(-100 µA typical). A single control bit can turn on all the 
pull-ups. This is done by clearing the RBPU (OP
TION<7>) bit. The weak pull-up is automatically turned 
off when the port pin is configured as an output. The pull
ups are disabled on power-on reset. 

Four of PORTB's pins, RB<7:4>, have an interrupt on 
change feature. Only pins configured as inputs can 
cause this interrupt to occur (i.e. any RB7-RB4 pin 
configured as an output is excluded from the interrupt on 
change comparison). The input pins (of RB7-RB4) are 
compared with the old value latched on the last read of 
PORTB. The "mismatch" outputs of RB7-RB4 are 
OR'ed together to generate the RBIF interrupt (flag 
latched in INTCON<O>). 

FIGURE 5-3: BLOCK DIAGRAM OF PORT 
PINS RB<7:4> 

Oata bus 

"WR Port" 

"WR TRIS" 

Set 
ASIF 

Yeo 

"RO TRIS" 

Note: 1. Port latch = 1 and TRISB = 1 enables weak pull-up ff 
RBPU = 0 in OPTION register. 

2. l/O pins have diode protection to Yoo and Vss. 

PIC16C74 

This interrupt can wake the device up from SLEEP. The 
user, in the interrupt service routine, can clear the 
interrupt in one of two ways: 

a) Disable the interrupt by clearing ABIE (INTCON<3>) 
bit. 

b) Read PORTB. This will end mismatch condition. 
Then, clear the RBIF bit. 

A mismatch condition will continue to set the RBIF bit. 
Reading PORTB will end the mismatch condition, and 
allow the RBIF bit to be cleared. 

This interrupt on mismatch feature, together with soft- .. 
ware configurable pull-ups on these four pins allow easy 
interface to a key pad and make it possible for wake-up 
on key-depression. (See AN552 in the Embedded Con-
trol Handbook). 

FIGURE 5-4: BLOCK DIAGRAM OF PORT 
PINS RB<3:0> 

RBPU 
Data Latch 

Data bus D a 

"WR Port'" 
CKl 

TRIS Latch 

D a 

CKl 
"WRTRIS" 

"RD TRIS" 

"RD Port• 

a D 

CKl. 

Voo 

TIL 
Input 
buffer 

"RD Port• 

Notes: 1. TRISB = 1 enables weak pull-up H RBPU = O in 
OPTION register. 

2. For RBO/INT pin, the INT input comes through a 
Schmitt trigger input buffer. 

3. 1/0 pins have diode protection to Voo and Vss. 

@1994 Microchip Technology Inc. IPircei~~m~lfil~IF~ DS30337 A-page 23 

2-421 



PIC16C74 

TABLE 5-3: PORTB FUNCTIONS 

Name Bit Buffer Type Function 

ABO/INT bitO TTUSTt lnpuVoutput pin or external interrupt input. Internal software 
programmabie weak pull-up 

RB1 bit1 TTL lnpuVoutput pin. Internal software programmable weak pull-up 

RB2 bit2 TTL lnpuVoutput pin. Internal software programmable weak pull-up 

RB3 bit3 TTL lnpuVoutput pin. Internal software programmable weak pull-up 

RB4 bit4 TTL lnpuVoutput pin (with interrupt on change). Internal software 
programmable weak pull-up 

RBS bit5 TTL lnpuVoutput pin (with interrupt on change). Internal software 
programmable weak pull-up 

RB6 bit6 TTUST:j: lnpuVoutput pin (with interrupt on change). Internal software 
programmable weak pull-up 

RB7 bit7 TTUST:j: lnpuVoutput pin (with interrupt on change). Internal software 
programmable weak pull-up 

Legend: TTL= TTL input, ST= Schmitt Trigger 
t This buffer is a Schmitt triger input when configured as the external interrupt. 
:j: This buffer is a Schmitt Trigger input when used in serial programming mode. 

TABLE 5-4: SUMMARY OF PORTB REGISTERS 

Register Name Function Address 

PORTB PORTB pins when read 06h 
PORTS latch when written 

TRISS PORTS data direction register 86h 
0 = output, 1 = input 

--
OPTION Weak pull-up on/off control (RSPU bit) 81h 

0830337 A-page 24 IPll'®~imimi~ll'~ 
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5.3 PORTC and TRISC Registers FIGURE 5-5: PORTC BLOCK DIAGRAM 

1/0 PORTC is an 8-bit bidirectional port. Each pin is 
individually configurable as input and output through the 
TRISC register. PORTC is multiplexed with several 
peripheral functions (see Table 5-5). PORTC pins 
have Schmitt trigger input buffers. 

EXAMPLE 5-2: INITIALIZING PORTC 

CLRF PORTC ; Initialize PORTC data 
latches before setting 
the data direction 
register 

BSF STATUS, RPO ;Select Bankl 
MOVLW OxCF 

MOVWF TRISC 

;Value used to initialize 
;data direction 
;Set RC<3:0> as inputs 

RC<5:4> as outputs 
RC<7:6> as inputs 

PORT/PERIPHERAL Select 

Notes: 1. Port/Peripheral select signal selects between 
port data and peripheral output. 

TABLE 5-5: PORTC FUNCTIONS 

Name Bit Buffer Type 

RCO/T10SO/T1CKI bitO ST 

RC1/T1 OSl/CCP2 bit1 ST 

RC2/CCP1 bit2 ST 

RC3/SCK/SCL bit3 ST 

RC4/SDl/SDA bit4 ST 

RC5/SDO bits ST 

RC6/TX/CK bit6 ST 

RC7/RX/DT bit7 ST 

Legend: ST= Schmitt Trigger Input 

Function 

2. Peripheral OE (output enable) is only activated if 
peripheral select is active. 

3. 1/0 pins have diode protection to Voo and Vss. 

Input/output port pin or Timer1 oscillator output/Timer1 clock input 

Input/output port pin, Timer1 oscillator input, Timer or Capture 2 
input/Compare 2 output/PWM 2 output 

Input/output port pin or Capture1 input/Compare1 output/ 
PWM1 output 

RC3/SCK/SCL can also be selected as the synchronous serial clock 
for both SPI and 12C modes. 

RC4/SDl/SDA can also be selected as the SPI Data In (SPI mode) 
or data 1/0 (12C mode). 

Input/output port pin or Synchronous serial port data output 

Input/output port pin, SCI Asynchronous Transmit, or 
SCI Synchronous Clock 

Input/output port pin SCI Asynchronous Receive, or 
SCI Synchronous Data 

TABLE 5-6: SUMMARY OF PORTC REGISTERS 

Register Name Function Address Power-on Reset Value 

PORTC Porte pins when read 07h xxxx xxxx 
Porte latch when written 

TRISC Porte data direction register 87h 1111 1111 
O = output, 1 = input 

Notes: 1: x =unknown, - =unimplemented, reads as a 'O'. 
2: For reset values of registers in other reset situations refer to Table. 
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5.4 PORTO and TRISD Registers 

1/0 Porto is an 8-bit port with Schmitt trigger input 
buffers. Each pin is individually configurable as input or 
output. 

PORTO can be configured as an 8-bitwide microproces
sor port (or parallel slave port) by setting control bit 
PSPMOOE (TRISE<4>) . In this mode, the input buffers 
are TTL. 

FIGURE 5-6: PORTO BLOCK DIAGRAM 
(IN 1/0 PORT MODE) 

Data Data latch 
bus 

D a 
"WR 
PORT" 

CK a 
TRIS Latch 

D Q 
'WR 
_T_R_IS_' +-•CK Q 

"RD 
TRIS' 

a 

Schmitt 
Trigger 

Dr--~ 

'l.CK 

VO pin 

Note: 110 pins have protection diodes to Voo and Vss. 

TABLE 5-7: PORTO FUNCTIONS 

Name Bit Buffer Type Function 

RDO/PSPO bitO STITTL Input/output port pin or parallel slave port bit o 

R01/PSP1 bit1 STITTL Input/output port pin or parallel slave port bit 1 

RD2/PSP2 bit2 STITTL Input/output port pin or parallel slave port bit 2 

RD3/PSP3 bit3 STITTL Input/output port pin or parallel slave port bit 3 

RD4/PSP4 bit4 STITTL Input/output port pin or parallel slave port bit 4 

RD5/PSP5 bit5 STITTL Input/output port pin or parallel slave port bit 5 

RD6/PSP6 bit6 STITTL Input/output port pin or parallel slave port bit 6 

RD7/PSP7 bit7 STITTL Input/output port pin or parallel slave port bit 7 

Legend: ST = Schmitt Trigger Input, TTL = TTL input 

TABLE 5-8: SUMMARY OF PORTO REGISTERS 

Register Name Function Address Power-on Reset Value 

PORTO PORTO eins when read 08h xxxx xxxx 
PORTO atch when written 

TRISO PORTO data direction register 
O = output, 1 = input 

88h 1111 1111 

Notes: 1: x = unknown, - = unimplemented, reads as a 'O'. 
2: For reset values of registers in other reset situations refer to Table. 
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5.5 PORTE and TRISE Register 

1/0 PORTE hasthreepinsREO, RE1 and RE2, which are 
individually configurable as inputs or outputs. These 
have Schmitt trigger input buffers. 

1/0 PORTE becomes control inputs for the microproces· 
sor port when the PSPMODE bit (TRISE<4>) is set. In 
this mode, the user must make sure thatthe TRISE<2:0> 
bits are set (pins are configured as digital inputs). In this 
mode the input buffers are TTL. 

Figure 5-8 shows the TRISE register, which also con
trols the synchronous slave port operation. 

FIGURE 5-8: TRISE REGISTER 

R R R/W R/W u R/W R/W 

PIC16C74 

FIGURE 5-7: PORTE BLOCK DIAGRAM 
(IN 1/0 PORT MODE) 

R/W 

Data 
bus 

0 Q 

Note: 110 pins have protection diodes to Voo and Vss. 

[ IBF I OB~IBOVI PSPMODEI -I TRISE2 I TRISE1 I TRISEO J Register: TRISE 
Address: 89h 
POR value: 07h 

R/W: Readable & 
writable 

c 1994 Microchip Technology Inc. 

bitO 

'-TRI 

1 = 
0= 

TRI 

1 = 
0= 

TRI 

1 = 
0= 

R: Read only 
U: Unimplemented, 

read as 'O' 

SEO: Direction control bit for port pin REO 

Input 
Output 

SE1: Direction control bit for port pin RE1 

Input 
Output 

SE2: Direction control bit for port pin RE2 

Input 
Output 

Uni mplemented. 

Re adas 'O' 

PS PMODE: Selects parallel slave port mode for ports 
and RE. RD 

1 = 
0= 

Parallel slave port mode. 
General purpose 110. 

IB OV: Input buffer overflow in microprocessor mode. 

1 = 

0= 

OB 

1 = 
0= 

A write occurred when a previous input word has 
not been read. 
Must be cleared in software. 
No overflow has occurred. 

F: Output buffer full. 

The output buffer still holds a previously written word. 
Output buffer has been read. 

IBF: Input buffer full. 

1 = A word has been received and waiting to be read 
by the CPU. 

O = No word has been received. 
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TABLE 5-9: PORTE FUNCTIONS 

Name Bit Buffer Type Function 

REO/RD/AN5 bitO STITTL lnpuVoutput port pin, Read control input in parallel slave 
port mode, or analog input 

RD 
1 = Not a read operation 
O = Read operation. The system reads the PIC16C74 PORTO 

register (if chip selected) 

RE1/WR/AN6 bit1 STITTL lnpuVoutput port pin, Write control input in parallel slave 
port mode, or analog input 

WR 
1 = Not a write operation 
0 = Write operation. The system writes to the PIC16C74 
PORTO register (if chip selected) 

RE2/CS/AN7 bit2 STITTL lnpuVoutput port pin, Chip select control input in parallel slave 
port mode, or analog input 

cs 
1 = Device is not selected 
0 = Device is selected 

Legend: ST = Schmitt Trigger Input, TTL = TTL input 

TABLE 5-10: SUMMARY OF PORTE REGISTERS 

Register Name Function Address Power-on Reset Value 

PORTE PORTE pins when read 09h ---- -xxx 
PORTE latch when written 

TRISE PORTE data direction control 89h 0000 -111 
bits and PORTO mode control 
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5.6 1/0 Programming Conslclerations 

5.6.1 BIDIRECTIONAL 1/0 PORTS 

Some instructions operate internally as read followed by 
write operations. The BCF and BSF instructions, for 
example, read the register into the CPU, execute the bit 
operation and write the result back to the register. 
Caution must be used when these instructions are 
applied to a port with both inputs and outputs defined. 
For example, a BSF operation on bit 5 of PORTS will 
cause all eight bits of PORTtB to be read into the CPU. 
Then the BSF operation takes place on bit 5 and PORTB 
is written to the output latches. If another bit of PORTB 
is used as a bidirectional 110 pin (say bit 0) and it is 
defined as an input at this time, the input signal present 
on the pin itself would be read into the CPU and re
written to the data latch of this particular pin, overwriting 
the previous content. As long as the pin stays in the input 
mode, no problem occurs. However, if bit o is switched 
into output mode later on, the content of the data latch 
may now be unknown. 

Reading the PORT register, reads the values of the 
PORT pins. Writing to the PORT register writes the value 
to the PORT latch. When using read modify write instruc
tions (ex. BCF, BSF, etc.) on a PORT, the value of the 
PORT pins is read, the desired operation is done to this 
value, and this value is then written to the PORT latch. 

FIGURE 5-9: SUCCESSIVE 110 OPERATION 

PIC16C74 

Example 5-3 shows the effect of two sequential read 
modify write instructions (ex. BCF, BSF, etc.) on an 1/0 
PORT. 

EXAMPLE 5-3: READ MODIFY WRITE 
INSTRUCTIONS ON AN 
1/0 PORT 

Initial PORT settings: PORTB<7: 4> Inputs 
PORTB<3: 0> Outputs 

PORTB<7: 6> have external pull-up and are not 
connected to other circuitry. 

PORT latch PORT pins 

BCF PORTB, 7 Olpp pppp llpp pppp 
BCF PORTB, 6 lOpp pppp llpp PPPP 
BSF STATUS, RPO 
BCF TRISB, 7 lOpp pppp llpp pppp 
BCF TRISB, 6 lOpp pppp lOpp pppp 

Note that the user may have expected the pin 
values to be OOpp pppp. The 2nd BCF caused RB7 

; to be latched as the pin value (High) . 

A pin actively outputting a Low or High should not be 
driven from external devices atthe same time in order to 
change the level on this pin ('wired-or', 'wired-and"). 
The resulting high output currents may damage the chip. 

5.6.2 SUCCESSIVE OPERATIONS ON 1/0 PORTS 

The actual write to an 1/0 port happens at the end of an 
instruction cycle, whereas for reading, the data must be 
valid at the beginning of the instruction cycle (see Figure 
5-9). Therefore, care must be exercised if a write 
followed by a read operation is carried out on the same 
110 port. The sequence of instructions should be such to 
allow the pin voltage to stabilize (load dependent) before 
the next instruction which causes that file to be read into 
the CPU is executed. Otherwise, the previous state of 
that pin may be read into the CPU rather than the new 
state. When in doubt, it is better to separate these 
instructions with a NOP or an other instruction not 
accessing this 1/0 port. 

:rn1~1001~:rn1~1001~:rn1~1001~:rn1~1001~: Note: 

R:: X PC+1 X PC+2 X PC+3 
MOVWF PortB MOVF Porte, w I NOP NOP 

Write to Read Port B 
Porte 

I 

I I I 

RB <7:0>'""1 --------..,--------.~ I 

1 
' 1 f Port pin : 
I I I 

1 , sampled he111 
TlmingSpec14 ~ I._ 

Execute Execute 
MOVWF MOVF 

PortB PortB,W 

Execute 
NOP 

C 1994 Microchip Technology Inc. 1Pr~~~m~l1'1l~r}!' 
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5.7 Parallel Slave Port 

PORTO operates as an 8·bit wide parallel slave port, or 
microprocessor port when control bit PSPMODE 
(TRISE<4>) is set. In slave mode it is asynchronoY§!y 
readable and writable by the external world throuQ.!:!BD 
control input (REO/RD) and WR control input (RE1 /WR). 

It can directly interface to an 8·bit microprocessor data 
bus. The microprocessor can read or write the port D 
latch as an 8-bit latch. Set!lng PSPMODE also enables 
the port pin REO to be the RD input, RE1 to be the WR 
input and RE2 to be the CS (chip select) input. For this 
functionality, the corresponding data direction bits of the 
TRISE register (TRISE<.2:0>) must be configured as 
inputs (set). 

There are actually two 8·bit latches, one for data-out 
(from the PIC16/17) and one for data input. The user 
writes 8-bit data to port D data latch and reads data from 
the port pin latch (note thatthey have the same address). 
In this mode the TRISD register is ignored, since the 
microprocessor is controlling the direction of data flow. 

Status flag IBF, Input Buffer Full (TRISE<7>), is set if a 
received word is waiting to be read by the CPU. Once 
the PORTO input latch is read by the PIC16C74, IBF is 
cleared. IBF is a read only status bit. Status flag OBF, 
Output Buffer Full (TRISE<6> ), is set if a word written to 
PORTO latch is waiting to be read by the external bus. 
Once the PORTO output latch is read by the micropro
cessor, OBF is cleared. Status flag IBOV, Input Buffer 
Overflow (TRISE<5>), is set if a second word is written 
to the microprocessor port when the previous word has 
not been read by the CPU. It is a read/write bit and must 
be cleared by the CPU. 

When not in PSPMODE, IBF and OBF bits are held as 
cleared. However, if the IBOV flag was previously set, 
it must be cleared in the software. 

An interrupt is generated and latched into control bit 
PSPIF (PIR1<7>) when a read or a write operation is 
completed. The PSPIF interruptflag must be cleared by 
the CPU and the interrupt can be disabled by clearing 
the interrupt enable bit PSPIE (PIE1<7>). 

FIGURE 5-10: PORTO AND PORTE AS A 
PARALLEL SLAVE PORT 

r--------------------------------1 
' Data bus 1 

'WR 
Port" 

. 
' ' ______ _. 

Read 

Chip Select 

Write 

RDxpln 

Tll. 

Note: VO, pins have protection diodes to Voe and Vss. 

TABLE 5-11: SUMMARY OF PARALLEL SLAVE PORT REGISTERS 

Register Name Function Address Power-on Reset Value 

PORTO Parallel slave port 08h xxxx xxxx 
Read/Write Data 

TRISD Porto data direction register 88h 1111 1111 

PORTE Parallel slave port Read/Write/Chip 
Select signals 09h ---- -xxx 

TRISE Control bits for Port D peripheral 89h 0000 -111 

PIR1 Interrupt register (PSPIF bit) OCh 0000 0000 

PIE1 Interrupt Enable register (PSPIE bit) 8Ch 0000 0000 
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6.0 OVERVIEW OF TIMER MODULES 

The PIC16C74 has three timer modules. Each module 
can generate an interrupt to indicate that an event has 
occurred (i.e. timer overflow). Each of these modules is 
explained in full detail in the following sections. The 
timer modules are: 

Timer O (TMRO) module( see Section 7) 
Timer 1 (TMR1) module (see Section 8) 
Timer 2 (TMR2) module (see Section 9) 

For enhanced time-based functionality, two additional 
modules can be used with either of the TMR1 or TMR2 
modules. There are: 

Capture/Compare/PWM1 (CCP1) module 
(see Section 10) 

Capture/Compare/PWM2 (CCP2) module 
(see Section 10) 

6.1 TimerO (TMRO) Overview 

The TMRO module is identical to the RTCC module of 
other PIC16CXX enhanced core products (and very 
similar to the PIC16C5X products). The TMRO module 
is a simple 8-bit overflow counter. The clock source can 
be either the internal system clock (OSC/4) or an 
external clock. When the clock source is an external 
clock, the TMRO module can be selected to increment 
on either the rising or falling edge. 

The TMRO module also has a programmable prescaler 
option. This prescaler can be assigned to either the 
TMRO module or the Watchdog timer. The PSA bit 
(OPTION<3>) assigns the prescaler, and the PS2 -PSO 
(OPTION<2:0>) determines the prescaler value. The 
TMRO can increment at the following rates: 1: 1 (when 
prescaler assigned to Watchdog timer), 1 :2, 1 :4, 1 :8, 
1:16, 1:32, 1:64, 1:128, 1:256. 

Synchronization of the external clock occurs after the 
prescaler. When the prescaler is used, the external 
clock frequency may be higher then the device's fre
quency. The maximum frequency is 50 MHz, given the 
high and low time requirements of the clock. 

When the clock source is an external clock, the TMRO 
module can be selected to increment on eitherthe rising 
or falling edge. 

PIC16C74 

6.2 Timer1 (TMR1) Overview 

Timer1 (TMR1) is a 16-bit timer/counter. The clock 
source can be eitherthe internal system clock (OSC/4), 
an external clock, or an external crystal. TMR1 can 
operate as either a timer or a counter. When operating 
as a counter (external clock source), the counter can 
either operate synchronized to the device or 
asynchonously to the device. Asynchonous operation 
allows TMR1 to operate during sleep, which is useful for 
applications that require a real time clock as well as the 
power savings of sleep mode. 

TMR1 also has a prescaler option which allows the 
TMR 1 to increment at the following rates: 1: 1, 1 :2, 1 :4, 
1 :8. TMR1 can be used in conjunction with the Capture 
I Compare/ PWM (CCP1 or CCP2) module. When used 
with the CCP1 or CCP2 module, TMR1 is the timebase 
for 16-bit capture or the 16-bit compare. When using the 
TMR1 module with the CCP1or CCP2 module, TMR1 
must be synchronized to the device (timer or synchro
nized counter mode). 

6.3 Timer2 (TMR2) Overview 

Timer2 (TMR2) is an 8-bit timer. TMR2 has both a 
programmable prescaler and postscaler, as well as an 8-
bit period register (PR2). TMR2 can be used with the 
CCP1 module as well as the baud rate generator for the 
Synchronous Serial Port (SSP). The prescaler option 
which allows the TMR2 to increment at the following 
rates: 1:1, 1:4, 1:16. 

The postscaler allows TMR2 to match the period register 
(PR2) a programmable number of times before generat
ing an interrupt. The postscaler can be programmed 
from 1:1to1:16 (inclusive). 

6.4 CCP1 and CCP2 Overview 

The CCP modules can operate in one of these three 
modes: 16-bit capture, 16-bit compare, or 10-bit Pulse 
Width Modulation (PWM) 

Capture mode, captures the 16-bit value of TMR1 into 
the CCPRxH:CCPRxL register pair. The capture event 
can be programmed for either the falling edge, rising 
edge, fourth rising edge, or the sixteenth rising edge of 
the CCPx pin. 

Compare mode, compares the TMR1 H:TMR1 L register 
pair to the CCPRxH:CCPRxL register pair. When a 
match occurs an interrupt can be generated, and the 
output pin CCP1 can be forced to given state (High or 
Low) TMR1 can be reset (CCP1) or TMR1 reset and 
start AID conversion (CCP2). This depends on the 
control bits CCPxM3 - CCPxMO. 

PWM mode, compares TMR2 to a 10-bit duty cycle 
register as well as to an 8-bit period register (PR2). 
When the TMR2 = PR2, TMR2 is reset to OOh, an 
interrupt can be generated, and the CCPx pin (if an 
output) will be forced high. When the TMR2 =Duty Cycle 
register, the CCPx pin will be forced low. 
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7.0 TIMERO (TMRO) MODULE 

The TMRO module timer/counter has the following fea
tures: 

8-bit timer/counter 
Readable and writable (file address 01h) 
8-bit software programmable prescaler 
Internal or external clock select 
Interrupt on overflow from FFh to OOh 
Edge select for external clock 

Figure 7-1 is a simplified block diagram of the TMRO 
module. 

Timer mode is selected by clearing the ATS bit 
(OPTION<5>). In timer mode, the TMRO module will 
increment every instruction cycle (without prescaler). If 
TMRO is written, increment is inhibited for the following 

FIGURE 7-1: TIMERO (TMRO) BLOCK DIAGRAM 

fosc/4 0 

TOCKI 
Pin 

r Programmable 
Prescaler 

RTE RTS PS2,PS1,PSO PSA 

two cycles (see Figures 7-2 and 7-3). The user can work 
around this by writing an adjusted value to the TMRO 
module. 

Counter mode is selected by setting the ATS bit 
(OPTION<5>). In this mode TMRO will increment either 
on every rising or falling edge of pin RA4/TOCKI. The 
incrementing edge is determined by control bit RTE 
(OPTION<4>). Clearing the RTE bit selects the rising 
edge. Restrictions on the external clock input is dis
cussed in detail in Section 7.2. 

The prescaler is shared between the TMRO module and 
the watchdog timer. The prescaler assignment is con
trolled in software by control bit, PSA (OPTION<3>). 
Clearing the PSA bit will assign the prescaler to TMRO. 
The prescaler is not readable or writable. When the 
prescaler is assigned to the TMRO module, prescale 
value of 1 :2, 1 :4, ... , 1 :256 are selectable. Section 7.3 
details the operation of the prescaler. 

Data Bus 

PSOUT B 

Sync with 
TMRO(B) Internal 

clocks 

(2 Cycle Delay) 

SetTOIF 
Interrupt on 

Overflow 

Notes: 1. Bits, RTE, RTS, PS2, PS1, PSO AND PSA are located in OPTION register. 
2. The prescaler is shared with Watchdog Timer (refer to Figure 7-6 for detailed diagram). 

FIGURE 7-2: TIMERO (TMRO) TIMING: INTERNAL CLOCK/NO PRESCALE 

~ROGRAM: 01 Cl2I 00 ~ 01 Cl2I 00 ~ 01 Cl2I 00 ~ 01 Cl2I 00 ~ 01 C2l 00 ~ 01 C2l 00 04; 01 C2l 00 ~ 01 C2l 00 04; 
COUNTER) I~ ""1 PC PC+1 I I PC+3 PC+4 ' PC+S ' 

, nr ~ PC+2 ~ ~ ~ PC+6 

INST= • MOVWF TMRO I MOVF TMAO, w I MOVF TMRO, w I MOVF TMRO, w : MOVF TMRO, w I MOVF TMRO, w I 

RT+1 I RT+2 I NAT X NAT X NAT NRT+1 I NRT+2 x:::::; 
' t ' t ' t ' t ' t ' t 

WrileTMRO ' ReadTMRO ' ReadTMRO ' ReedTMRO ' ReedTMRO ReadTMRO 
executed reeds NAT reads NAT reeds NAT reads NRT + 1 reads NAT+ 2 

FIGURE 7-3: TIMERO (TMRO) TIMING: INTERNAL CLOCK/PRESCALE 1 :2 

PC •rn1~1m1~·rn1~1m1~·rn1~1m1~·rn1~1m1~·rn1~1m1~·rn1~1m1~·rn1~1m1~·rn1~1m1~· 

~.:::~: : : : : : : : : 
( PQ.1 « R; I PC+1 I PC+? I PC+3 I PC+4 I PC+S I PC+§ I 

INST= 1 
: MOVWFF1 : MOVF F1, W : MOVFF1, W : MOVFF1, W : MOVFF1, W : MOVFF1, W : 

TMRO RT+1: NAT NRT+1 

' t ' t ' t t t ' t 
' WrileTMRO ' ReadTMRO ' ReadTMRO ' ReadTMRO Reed TMRO ' Read TMRO 

executed reads NAT reads NRT reads NRT reads NAT reads NAT+ 1 
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7.1 TIMERO (TMRO) Interrupt 

TMRO interrupt is generated when the TMRO module 
timer/counter overflows from FFh to OOh. This overflow 
sets the TOIF bit. The interrupt can be masked by 
clearing the TOIE bit (INTCON<5>). The TOIF bit 
(INTCON<2>) must be cleared in software by the TMRO 
module interrupt service routine before re-enabling this 
interrupt. The TMRO module interrupt can not wake the 
processor from SLEEP since the timer is shut off during 
SLEEP. See Figure 7-4 for TMRO interrupt timing. 

7.2 Using TMRO with External Clock 

When external clock input is used for TMRO, it is syn
chronized with the internal phase clocks. Therefore, the 
external clock input must meet certain requirements. 

Also there is some delay from the occurance of the 
external clock edge to the actual incrementing of TMRO. 
Referring to Figure 7-5, the synchronization is done after 
the prescaler. The output of the prescaler is sampled 
twice in every instruction cycle to detect rising or falling 
edges. Therefore, it is necessary for Psour to be high 
for at least 2 tosc and low for at least 2 tosc where: 

tosc = oscillator time period. 

FIGURE 7-4: TIMERO (TMRO) INTERRUPT TIMING 

OSC1 

cucou-r(3) i~--~ 

PIC16C74 

When no orescaler is ysed, Psour (Prescaler output, 
see Figure 7-1) is the same as TMRO clock input and 
therefore the requirements are: 

TRTH TMRO high time ~ 2tosc + AT 
(See parameter #40) 

TRTL TMRO low time ~ 2tosc + AT 
(See parameter#41) 

When prescaler is ysed, the TMRO module input is 
divided by the asynchronous ripple counter-type prescaler 
and so the prescaler output is symmetrical. 

Then: 

PSOUT high time = PSOUT low time= N •2TITT 

where 

TAT TMRO input period 

N prescale value (2, 4, .... , 256). 

The requirement is, therefore: 

N •TITT ~ 2 tosc +AT, orTRT~ 4 lose+ 2 &T -2- N 
where 

AT small RC delay 

(see Timing Specifications). 

The user will notice that no requirement on TMRO high 
time or low time is specified. However, if the high time 
or low time on TMRO is too small then the pulse may not 
be detected, hence a minimum high or low time of 1 Ons 
is required. In summary, the TMRO module input re
quirements are: 

TAT TMRO period~ (4 tosc + 2 AT)/N 

TRTH TMRO high time~ AT 

TRTL TMRO low time ~AT 

TMRDtimer l----'-FE=h'---'!'-"""'f---'-FFh~--...J'--+--=DOh=---J'---f--~0~1h"----'~--+-~02h~--J~---1 
~© <D 

TOIFbit 
(INTCON <2>) ,____ ____ _,______, 

GIEbit 1-----------<,__-------+--~ 
(INTCON <7>) 

INSTRUCTION FLOW (Note2) 

PCl'----'-PC=-----r'---'P~C~+~1---l'----'-PC"-'-+-'-1 __ _,, __ ~DD04=--'~h--~~--~0005h~,__---; 

Instruction { 
fetched 

Instruction { 
executed 

Inst (PC) lnst(PC+1) 

lnst(PC-1) Inst (PC) Dummy cycle 

Notes: 
1. TOIF interrupt flag is sampled here (everyQ1). 
2. Interrupt latency= 4 Tcy where Tcy =instruction cycle time. 
3. CLKOUT is available only in RC oscillator mode. 
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Dummy cycle Inst (DDD4h) 

DS303327A-page 33 

• 



PIC16C74 

Delay from external clock edge: Since the prescaler 
output is synchronized with the internal clocks, there is 
a small delay from the time the external clock edge 
occurs to the time the TMRO module is actually 
incremented. Referring to Figure 7-5, the reader can 
see that this delay is between 3 tosc and 7 tosc. Thus, 
for example, measuring the interval between two edges 
(e.g. period) will be accurate within ±4 tosc (±200ns @ 

20 MHz). 

7.3 Prescaler 

An 8-bit counter is available as a prescaler for the TMRO 
module, or as a post-scaler for the Watchdog Timer, 
respectively (see Figure 7-6). For simplicity, this counter 
is being referred to as 'prescaler" throughout this data 

sheet. Note that there is only one prescaler available 
which is mutually exclusively shared between the TMRO 
module and the Watchdog Timer. Thus, a prescaler 
assignment for the TMRO module means that there is no 
prescaler for the Watchdog Timer, and vice-versa. 

The PSA and PS2-PSO bits (OPTION<3:0>) determine 
the prescaler assignment and pre-scale ratio. 

When assigned to the TMRO module, all instructions 
writing to the TMRO module (e.g. CLRF 1, MOVWF 1, 

BSF 1,x .... etc.) will clear the prescaler. When assigned 
to WOT, a CLRWDT instruction will clear the prescaler 
along with the Watchdog Timer. The prescaler is not 
readable or writable. 

FIGURE 7·5: TIMERO TIMING WITH EXTERNAL CLOCK 

:~1~1001~:rn1~1001~:rn1~1001~:rn1~1001~: 
EXT CLOCK INPUT OR 1 Sr:nall pulse 1 • 

PRESCALER OUT (NOTE 2) misses sampling 

EXT CLOCK/PRESCALER 
OUTPUT AFTER SAMPLING 

INCREMENTTMRO (Q4) ''------~-----' 

TMRO 

Notes: 

t 

R+1 R+2 

1. Delay from clock input change to TMRO increment is 3 tose to 7 lose. (Duration of Q = lose). 
Therefore, the error in measuring the interval between two edges on TMRO input = ± 4 tose max. 

2. External clock H no prescaler selected, Prescaler output otherwise. 
3. The arrows Indicate the points in time where sampling occurs. 

FIGURE 7-6: BLOCK DIAGRAM OF THE TMROIWDT PRESCALER 

Watchdog ,__ __ .... 

Timer 

WDTEneble 
EPROM Fuse 

PSA 

M 
u 
x 

RTS 

0 

MUX 

M 
u 

0 x 

PSA 

PSA 

SYNC 
2 

CYCLES 

PSO-PS2 

Data Bus 

8 

TMRO 

SetTOIF 
Interrupt 

on Overflow 

WOT 
Time-out 

Note:RTE,RTS,PSA,PSO-PS2 
are bits in the OPTION register 
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7.3.1 SWITCHING PRESCALER ASSIGNMENT 

The prescaler assignment is fully under software con
trol, i.e., it can be changed 'on the fly' during program 
execution. To avoid an unintended device RESET, the 
following instruction sequence (shown in Example 7-1) 
must be executed when changing the prescaler assign
ment from TMRO to WOT. Depending on the selected 
prescaler value (lines 2 and 3) determines if lines 9 and 
10 are required: 

EXAMPLE 7·1: CHANGING PRESCALER 
(TMRO~WDT) 

1. BCF STATUS, RPO ·;Bank 0 
2. CLRF TMRO ;Clear TMRO 
3. BSF STATUS, RPO ;Bank 1 
4. CLRWDT ;Clears WDT and 

prescale 
5. MOVLW B' xxxxlxxx' ;Select new prescale 
6. MOVWF OPTION value 
7. BCF STATUS, RPO ;Bank 0 

TABLE 7-1: SUMMARY OF TMRO REGISTERS 

Register Name Function 

TMRO Timer/counter register 

OPTION Configuration and prescaler assignment 
bits for TMRO. See Figure 4-4 

PIC16C74 

Steps 2 and 3 are only required if an external TMRO 
source is used. Steps 9 and 10 are necessary only if the 
desired prescale value is '000' or '001 '. 

To change prescaler from the WOT to the TMRO module 
use the sequence shown in Example 7-2. This precau
tion must be taken even if the WOT is disabled. 

EXAMPLE 7-2: CHANGING PRESCALER 
(WDT~TMRO) 

1. CLRWDT ;Clear WOT and 
;prescaler 

2. BSF STATUS, RPO 
3. MOVLW B'xxxxOxxx' Select TMRO, new 

prescale value and 
clock source 

4. MOVWF OPTION 

5. BCF STATUS, RPO 

Address Power-on Reset Value 

01h xxxx xx xx 
81h 1111 1111 

INTCON TMRO overflow interrupt flag and mask bits OBh 0000 OOOX 
See Figure 4-5 

TABLE 7-2: REGISTERS ASSOCIATED WITH TMRO 

Address Name 

01 TMRO 

08/88 INTCON 

81 OPTION 

85 TRISA 

Legend - = Unimplemented locations, Read as 'O' 
Shaded boxes are not used by TMRO module. 

© 1994 Microchip Technology Inc. IP11~~ im~llll~ll}f 
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8.0 TIMER1 (TMR1) MODULE 

Timer1 is a 16-bit timer/counter consisting of two 8-bit 
registers (TMR1 Hand TMR1 L) which are readable and 
writable. TMR1 increments from OOOOh to FFFFh and 
rolls over to OOOOh. An interrupt, if enabled, is generated 
on overflow which is latched in interrupt flag bit TMR1 IF 
(PIR1<0>). This interrupt can be enabled or disabled 
using the timer1 interrupt enable bit TMR1 IE (PIE1 <0>). 

TMR1 can operate in one of two modes: 

• Asa timer 
• As a counter 

This is determined by the clock select bit, TMR1CS 
(TICON<1>). 

FIGURE 8-1: T1CON: TIMER1 CONTROL REGISTER 

In timer mode, TMR1 increments every instruction cycle. 
In counter mode, it increments on every rising edge of 
the external clock input on RCO/T1 OSO/T1 CKI. 

Timer1 can be turned on or off using the control bit 
TMR10N (T1CON<0>). See description of T1CON 
control register for all control bits related to Timer1. 

Timer1 also has an internal 'reset input'. This reset can 
be generated by CCP1 or CCP2 (Capture/compare/ 
PWM) module. See Section 10 for details. Figure 8-1 
shows the Timer1 control register. 

When the Timer1 oscillator is enabled (T1 OSCEN is 
set), the RC1/T10Sl/CCP2 pin becomes an input. That 
is, the TRISC<1> value is ignored. The RCO/T10SO/ 
T1 CKI pin should normally be configured as an input (for 
external clock). However, this pin can be configured as 
an output if self-clocking (through the output pin) is 
desired. 

U U R/W RfW R/W R/W R/W R/W 

[-I-JT1CKPs1}ncKPso JT1oscENIT11NSYNc}MR1cs}MR10NJ ::~~:~; n~~~ R/W: Readable & 
writable 

7 bttO POR reset value: OOh R: Readonly 

DS30337 A-page 36 

1... TMR10N: Timer1 on bit. 

1 = Enables timer1 
O = Stops timer1 

U: Unimplemented, 
read as 'O' 

TMR1CS: Timer1 clock select. 

1 = External clock (RCO/TCKI pin) (rising edge) 
O = Internal clock (OSC/4) 

T1 INSYNC: Timer1 external clock input 
synchronization control. 

When TMR1CS = 1 (Timer1 uses an external clock) 

1 = Do not synchronize external clock input 
O = Synchronize external clock input 

When TMR1CS = O (Timer1 uses the internal clock). 

This bit is ignored. 

T1 OSCEN: Timer1 oscillator enable/disable. 

1 = Oscillator is enabled 
0 = Oscillator shut off. The oscillator inverter and 

feedback resistor are turned off to eliminate 
power drain. 

T1CKPS<1 :O>: Timer1 input clock prescale select. 

11 = Prescale value = 8 
1 o = Prescale value = 4 
01 = Prescale value = 2 
00 = Prescale value = 1 

Unimplemented. 
read as 'O' 
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8.1 TMR1 Operation in Timer Mode 

Timer mode is selected by clearing the TMR1 CS 
(T1CON<1>) bit. In this mode, the input clock to the 
timer is OSC/4. The synchronize control bit T1 INSYNC 
(T1 CON<2>) has no effect since the internal clock is 
always in sync. 

8.2 TMR1 Operation in Synchronized 
Counter Mode 

Counter mode is selected by setting the TMR1 CS bit. In 
this mode the timer increments on every rising edge of 
clock input on pin RC1/T1 OSl/CCP2 (when T1 OSCEN 
is set) or the RCO/T1 OSO/T1 CKI. 

If T1 INSYNC is cleared, then the external clock input is 
synchronized with internal phase clocks. The synchro
nization is done after the prescaler stage. The prescaler 
stage is an asynchronous ripple counter. 

In this configuration, during SLEEP mode, TMR1 will not 
increment even if external clock is present, since the 
synchronization circuit is shut off. The prescaler how
ever will continue to increment. 

FIGURE 8-2: TMR1 BLOCK DIAGRAM 

TMR11F 
Overflow 
interrupt TMR1H TMR1L 

TMR10N 
on/off 
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8.2.1 EXTERNAL CLOCK INPUT TIMING FOR 
SYNCHRONIZED COUNTER MODE 

In synchronized counter mode, the prescaler output is 
sampled twice every instruction cycle. Therefore, the 
following restrictions apply to external clock input: 

when prescaler is 1 :1: 

TTCKIH = T10SI high time :2: 2 tosc +AT 

TTCKIL = T10SI low time :2: 2 tosc +AT 

where AT= small RC delay (see timing specifications) 

when prescaler js higher: 

The input clock is divided by two or more, so the 
prescaler output is symmetrical. The requirements are 
then: 

Prescaler out high time = Prescaler out low time 
= N. TT1CKIP;:: 2 tosc +AT 

where 

2 

or TT1CKIP :2: 4 tosc + AT 
N 

TT1CKIP = 
N 

ilT = 

T10SI input clock period 
prescale value (2, 4, 8) 
small RC delay 
(see timing specifications) 

Note that no requirement on minimum high time or low 
time is mentioned. However, if the pulse is too small it 
may not be recognized. Hence a minimum high and low 
time is specified. 

TT1CKIH :2: ilT (see timing specification #45) 
TT1CKIL >AT (see timing specification# 46) 

S nchronized 
0 --~~~~c~loc~k-in-p-ut~~ 

T11NSYNC 

Prescaler 

RCO/ 
T10SO/ 
T1CKI 

OSC/4 1, 2, 4, 8 

Synchronize 

Jdet 
RC1/ 

T10SI/ 
CCP2 

Internal O 
Clock 2 

TMR1CS T1CKPS<1:0> Sleep input 

t When the T1 OSCEN bit is cleared, the inverter and feedback resistor are turned off. This eliminates power drain. 
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8.3 TMR1 Operation in Asynchronous 
Counter Mode 

If the control bit T1 INSYNC is set, the external clock 
input is not synchronized. The timer continues to incre
ment asynchronous to the internal phase clocks. The 
timer will continue to run during SLEEP and generate an 
interrupt on overflow which will wake up the processor. 
However, special precautions in software are needed to 
read/write the timer (see Section 8.3.2). 

In asynchronous counter mode, Timer1 can not be used 
as timebase for capture or compare operations. 

8.3.1 EXTERNAL CLOCK INPUT TIMING WITH 
UNSYNCHRONIZED CLOCK 

If T1 INSYNC is set, the timer will increment completely 
asynchronously. The input clock must meet a certain 
minimum high time and low time requirements, as speci
fied in timing specifications #45 and #46. 

8.3.2 READING AND WRITING TIMER1 IN 
ASYNCHRONOUS COUNTER MODE 

Reading TMR 1 Hor TMR1 L while the timer is running off 
external asynchronous clock will guarantee a valid read 
(taken care of in hardware). However, the user should 
keep in mind that reading the 16-bit timer in two 8-bit 
values itself poses certain problems since the timer may 
overflow between the reads. 

For writes, it is recommended that the user simply stop 
the timer and write the desired values. A write conten
tion may occur by writing to the timer registers while the 
register is incrementing. This may produce an unpre
dictable value in the timer register. 

Writing to the timer is no problem, if the timer clock is 
slower than the instruction cycle time. Reading the 16-
bit value requires some care. Example 8-1 is an 
example routine to read the 16-bit timer value. This is 
useful if the timer cannot be stopped. 

EXAMPLE 8-1: READING A 16-BIT 
FREE-RUNNING TIMER 

All Interrupts are disabled 

MOVF TMRlH, Wreg Read high byte 
MOVWF TMPH 
MOVF TMRlL, Wreg Read low byte 
MOVWF TMPL 
MOVF TMRlH, Wreg Read high byte 
SUBWF TMPH, Wreg Sub 1st read 

with 2nd read 
BTFSC STATUS, z is result = 0 
GOTO CONTINUE Good 16-bit read 

TMRlL may have rolled over between the read 
of the high and low bytes. Reading the high 
and low bytes now will read a good value. 

MOVF TMRlH' Wreg 
MOVWF TMPH 
MOVF TMRlL, Wreg 
MOVWF TMPL 

Read high byte 

Read low byte 

Re-enable Interrupt (if required) 
CONTINUE Continue with your 

; code 

8.4 Timer1 Oscillator 

A crystal oscillator circuit is built in between T1 OSI pin 
(input) and T10SO (amplifier output). It is enabled by 
setting control bit T1 OSCEN (T1 CON<3> ). The oscilla
tor is a low power oscillator rated up to 200KHz. It will 
continue to run during SLEEP. It is primarily intended for 
a 32KHz crystal. Table 8-1 shows the capacitor selec
tion for the Timer1 oscillator. 

The Timer1 oscillator is identical to the LP oscillator. The 
user must allow software time-out to ensure proper 
oscillator start-up. 

TABLE 8-1: CAPACITOR SELECTION FOR 
THE TIMER1 OSCILLATOR 

Osc Freq C1 C2 
Type 

LP 32 KHz§ 15 pF 15 pF 
100 KHz 15 pF 15 pF 

200 KHz 0 -15 pF 0 • 15 pF 

Higher capacitance increases the stability of oscillator but 
also increases the start-up time. These values are for 
design guidance only. 
§For Voo > 4.5V, C1 = C2 - 30pf is recommended. 
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8.5 Resetting Timer1 using a CCP Trigger 
~ 

If CCP1 orCCP2 module is configured in compare mode 
to generate a 'special event' trigger (CCP1 M<3:0> = 
1011 ), this signal will reset timer1. 

Timer1 must be configured for timer or synchronized 
counter mode operation to take advantage of this fea
ture. If the Timer1 is running in asynchronous counter 
mode, this reset operation may not work. 

In the event that a write to Timer1 coincides with a reset 
trigger from CCP1 or CCP2, the write will take prece
dence. 

In this mode of operation, the CCPRxH:CCPRxL regis
ters pair effectively becomes the period register for the 
timer1. 

PIC16C74 

8.6 Resetting of Timer Registers 

TMR1H and TMR1L registers are not reset on POR or 
any other reset except by the CCP1 special resettrigger. 

T1 CON register is reset to OOh on Power-on Reset. In 
any other reset, the register is unaffected. 

8. 7 Prescaler 

The prescalercounter is cleared on writes to the TMR1 H 
or TMR1L registers. 

TABLE 8-2: REGISTERS ASSOCIATED WITH TIMER1 AS A TIMER/COUNTER 

Address Name 

OB/SB INTCON 

oc PIR1 

ac PIE1 

OE TMR1L 

OF TMR1H 

Timer1 Least Significant Byte 

Timer1 Most Significant Byte 

Bit 0 

TMR11F 

TMR11E 

10 T1CON T1CKPS1 T1CKPSO T10SCEN T11NSYNC TMR1CS TMR10N 

Legend - = Unimplemented locations, Read as 'O' 
Note: Shaded boxes are not used by Timer1 module. 
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9.0 TIMER2 {TMR2) MODULE 

Timer2 is an 8-bittlmerwith a prescaler and a postscaler. 
It is especially suitable as PWM time-base (for PWM 
mode of CCP modules). TMR2 is a readable and 
writable register. 

The input clock (osc/4) has a prescale option of 1, 4or16 
(selected by control bits TCKPS1, TCKPSO, register 
T2CON). 

Timer2 has an 8-bit period register PR2. Timer2 incre
ments from OOh until it matches PR2 and then resets to 
OOh. PR2 is a readable and writable register. 

The overflow (or match) output of TMR2 goes through a 
4-bit postscaler (which gives a 1:1 to 1:16 scaling) to 
generatetimer2 interrupt(latched in TMR21F bit, PIR<1 >). 

Timer2 can be shut off using TMR20N (T2CON<2>) 
control bit to minimize power consumption. 

Figure 9-2 shows the Timer2 control register. 

FIGURE 9-2: T2CON: TIMER2 CONTROL REGISTER 

u R/W R/W R/W R/W R/W R/W 

9.1 Prescaler and Postscaler 

The prescalerand postscalercounters are cleared when 
any of the following occu.rs: a write to the TMR2 register, 
a write to the T2C.QM...@gister, or any device reset 
(Power-on Reset, MCLR reset, or Watchdog Timer 
reset). 

9.2 Output of TMR2 

The output of TMR2 (before the postscaler) is fed to the 
synchronous serial port module which optionally uses it 
to generate shift clock. 

FIGURE 9-1: TIMER2 BLOCK DIAGRAM 

Timer2 
interrupt 
TMR21F 

Prescaler 
1,4, 16 

2 

• TMR2 output can be software selected by the SSP 
module as baud clock. 

R/W 
Register: T2CON R/W: Readable & 

OSC/4 

TOUTPS3 TOUTPS2 TOUTPS1 TOUTPSO TMR20N T2CKPS1 T2CKPSO Address: 12h writable 
Reset value: OOh U: Unimplemented 

T2CKPSc1 :O>: Timer2 clock prescaler select. 

00 = Prescaler is 1 
01 = Prescaler is 4 
1 x = Prescaler is 16 

TMR20N: Timer2 on/off control. 

1 =TMR2ison 
0=TMR2isoff 

TOUTPS<3:0>: Timer2 output postscale select 

0000 = Postscaler is 1 
0001 = Postscaler is 2 

1111 = Postscaler is 16 

Unimplemented. 

Readas'O' 

TABLE 9-1: REGISTERS ASSOCIATED WITH TIMER2 AS A TIMER/COUNTER 

Address Name 

OB INTCON 

oc PIR1 

8C PIE1 

11 TMR2 

12 T2CON 

92 PR2 Timer2 period Register 

Legend - = Unimplemented locations, Read as 'O' 
Note: Shaded boxes are not used by Timer2 module. 
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10.0 CAPTURE/COMPARE/PWM 
MODULE 

The PIC16C74 has two Capture/Compare/PWM (CCP) 
modules consisting of a 16-bit register which can operate 
as a 16-bit capture register, as a 16-bit compare register 
orasaPWMoutput. (BoththeCCP1 andCCP2modules 
are identical in operation, with the exception of the 
special trigger.) In the following sections, the operation 
of a CCP module is decribed with respect to CCP1. 
Please note that CCP2 is similar to CCP1, except where 
noted. 

CCP1 module: 

Capture/compare/PWM register1 (CCPR1) is made up 
of two 8-bit sections: low byte, CCPR1 Land high byte, 
CCPR1H. Both are readable and writable. 

CCP2 module: 

Capture/compare/PWM register1 (CCPR2) is made up 
of two eight bit sections: low byte, CCPR2L and high 
byte, CCPR2H. Both are readable and writable. 

FIGURE 10-1: CCP1CON REGISTER 

u u R/W 

PIC16C74 

10.1 Capture Mode 

In Capture mode, CCPR1 H:CCPR1 L captures the 16-
bit value of TMR1 when an event occurs on pin RC2/ 
CCP1. An event is defined as: 

1. A falling edge 
2. A rising edge 
3. Every 4 rising edges 
4. Every 16 rising edges 

One of these is selected by the control bits CCP1 M <3:0> 
in register CCP1 CON. When a capture is made the 
interrupt request flag, CCP1 IF bit (PIR<2>) is set. It must • 
be reset in software. If another capture occurs before 
the value in register CCPR1 is read, the old captured 
value will be lost. In capture mode, the RC2/CCP1 
pin should be configured as an input through its corre-
sponding TRIS bit. 

When the capture mode is changed, a false capture 
interrupt may be generated. The user should clear the 
CCP1 IF bit following any such change in operating 
mode. 

[ -J -I CCPxX J CCPxY J CCPxM3 I CCPxM2 J ccPxM1 J CCPxMol 

Register. CCP1CON 
Address: 17h 
Register: CCP2CON 

R/W: Readable & 
writable 

U: Unimplemented 

C 1994 Microchip Technology Inc. 

Address: 10h 
POR value: OOh 

'----~----'-----''- CCPxM <3:0>: CCP1 mode select. 
0000 = Capture/compare/PWM off 

(Resets CCP1 module) 
0100 =Capture mode, every falling edge 
0101 = Capture mode, every rising edge 
011 O = Capture mode, every 4th rising edge 
0111 = Capture mode, every 16th rising edge 
1000 = Compare mode, set output on match 

(CCPxlF bit is set) 
1001 = Compare mode, clear output on match 

(CCPxlF bit is set) 
101 o = Compare mode, generate software 

interrupt (CCPxlF bit is set). 
CCP1 pin is unaffected 

1011 = Compare mode, trigger special event 
- CCP1 resets TMR1 
- CCP2 resets TMR1 and starts an AID 

conversion (if AID module is on) 
11XX = PWM mode 

CCPxX:CCPxY: Two low order bits. 
Capture mode: Unused 

Compare mode: Unused 

PWM m00e: Write the two low order bits in high 
resolution (10-bit) mode. May be kept constant (at 'O') 
if only 8-bit resolution (in standard resolution mode) is 
desired. 

Unimplemented. 
Reads as 'O'. 
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10.1.1 PRESCALER DETAILS 

There are four prescaler setting, specified by the 
CCP1 M3-CCP1 MO bits. Whenever the CCP module is 
turned off, or the CCP module is not in capture mode, the 
prescaler counter is cleared. This means that any reset 
will clear the prescaler counter. 

Switching from one capture prescaler to another may 
generate an interrupt. Also, the prescaler counter will 
not be cleared, and therefore the first capture may be 
from a non-zero prescaler. Example 10-1 shows the 
recommended way to switch between capture prescalers. 
This example also clears the prescaler counter and will 
not generate the 'false' interrupt. 

EXAMPLE 10-1: CHANGING BETWEEN 
CAPTURE PRESCALERS 

CLRF CCPlCON Turn CCP module off 
MOVLW NEW_CAPT_PS ; Load the W reg with 

MOVWF CCPlCON 

the new prescaler 
mode value and CCP ON 

Load CCPlCON with 
this value 

10.1.2 TIMER1 MODE SELECTION 

Timer1 must be running in timer mode or synchronized 
counter mode for the CCP1 modules to use the capture 
feature. In asynchronous counter mode the capture 
operation may not work. 

FIGURE 10-2: CAPTURE MODE OPERATION 

SetCCPxlF 
Interrupt 
PIR<2> 

Q's CCPC0Nx<3:0> 

CCPRxl 

TMR1L 

10.2 Compare Mode 

In compare mode, the 16-bit CCPR1 register value is 
constantly compared against the timer1. When a match 
occurs, the RC2/CCP1 pin is: 

• Driven High 
• Driven Low 
• Remains Unchanged 

The action on the pin is based on the control bits 
CCP1 M <3:0> in register CCP1 CON. At the same time, 
a compare interrupt is also generated (bit CCP1 IR, 
register CCP1 CON). The user must set the RC2/CCP1 
pin as an output through the TRISC<2> bit. 
Note: Clearing the CCP1CON register will force the 

RC2/CCP1 compare output latch to the default 
low level. This is not the data latch. 

10.2.1 TIMER1 MODE SELECTION 

Timer1 must be running in timer mode or synchronized 
counter mode if the CCP1 module is using the compare 
feature. In asynchronous counter mode, the compare 
operation may not work. 

10.2.2 SOFTWARE INTERRUPT MODE 

Another compare mode is software interrupt mode in 
which the CCP1 pin is not affected. Only CCP11F 
interrupt is generated. 

10.2.3 SPECIAL TRIGGER 

In this mode, an internal hardware trigger is generated 
which may be used to initiate an action. 

The special trigger output of CCP1 resets the timer1. 
This allows the CCPR1 register to effectively be a 16-bit 
programmable period register for timer1. 

The special trigger output of CCP2 starts an AID conver
sion (if the AID module is on) and resets Timer1. This 
allows AID conversions to be done at a constant (sam
pling) frequency without software overhead. 

FIGURE 10-3: COMPARE MODE OPERATION 

+- SetCCPxlF 
- i Interrupt 
8, ~ PIR<2> 

~ 

TRISC<:y> CCPxCON<3:0> 
Oulput Enable Mode Select 

t For CCP1 (ff enabled), reset Timer1. 
For CCP2 (if enabled), rese!Timer1 one set GO bit 
(ADCON0<2>). 
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10.3 PWM Mode 

In Pulse Width Modulation (PWM) mode, the RC2/CCP1 
produces up to 10-bit resolution PWM output. This pin 
must be configured as an output through the TRISC<2> 
bit. In PWM mode, the user writes the 8-bit duty-cycle 
value to the low byte of the CCPR1 register, namely 
CCPR1 L. The high-byte, CCPR1 H is used as the slave 
buffer to the low byte. The 8-bit data is transferred from 
the master to the slave when the PWM1 output is set (i.e. 
atthe beginning of the duty cycle). This double buffering 
is essential for glitchless PWM output. In PWM mode, 
CCPR1 H is readable but not writable. The period of the 
PWM is determined by the timer2 period register (PR2). 

PWM period is = 
[(PR2) + 1] • 4 tosc • (TMR2 prescale value) 

PWM duty cycle = 
(DC1) • tosc • (TMR2 prescale value) 

where DC1 = 10 bit value from CCPRxL and 
CCPxCON<5:4> concantenated. 

The PWM output resolution is therefore programmable 
up to a maximum of 10-bit. 

PIC16C74 

FIGURE 10-4: SIMPLIFIED PWM BLOCK 
DIAGRAM 

Duty cycle registers CCPxCON<5:4> 

CCPRxL 

Note: 8-bit timer is concantenated with 2-bit internal Q clock 
or 2 bits of the prescaler to create 10-bit lime base. 

TABLE 10-1: PWM FREQUENCY VS 
RESOLUTION AT 20 MHZ 

Max Frequency 
Resolution 

(High 
TMR2 TMR2 TMR2 Resolution 

Mode) Prescale = 1 Prescale =4 Prescale = 16 

10 bit 19.53 KHz 4.88 KHz 1.22 KHz 

9bit 39.06 KHz 9.77 KHz 2.44 KHz 

8 bit 78.13 KHz 19.53 KHz 4.88 KHz 

TABLE 10-2: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS AT 20 MHz 

PWM Frequency 1.22 KHz 4.88 KHz 19.53 KHz 78.13 KHz 157.5 KHz 210.53 KHz 

Timer Prescaler (1, 4, 16) 16 4 1 1 1 1 

PR2 Value Ox FF Ox FF OxFF Ox FF Ox7F Ox5F 

Resoution (High-resolution model) 10-bit 10-bit 10-bit 8-bit 7-bit 6.5-bit 

Resolution (Standard-resolution model) 8-bit 8-bit 8-bit 6-bit 5-bit 4.5-bit 

t Standard resolution mode has the CCPIX:CCPIY bit constant (or 'O'), and only compares the TMR2 againstthe PR2. The a-cycles 
are not used. 
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TABLE 10-3: REGISTERS ASSOCIATED WITH TIMER1 AND CAPTURE 

Address Name Bit6 Bit 5 Bit 4 Bit 0 

OB/BB INTCON PEIE 

oc PIR1 TMR11F 

BC PIE1 TMR11E 

OE TMR1L Timer1 Least Significant Byte 

OF TMR1H Timer1 Most Significant Byte 

10 T1CON T1CKPS1 T1CKPSO T10SCEN T11NSYNC TMR1CS TMR10N 

15 CCPR1L Timer1 Capture Register (LSB) 

16 CCPR1H Timer1 Capture Register (MSB) 

17 CCP1CON CCP1M3 CCP1M2 CCP1M1 CCP1MO 

1A CCPR2L Timer1 Capture Register (LSB) 

1B CCPR2H Timer1 Capture Register (MSB) 
.. 

1C CCP2CON . CCP2M3 CCP2M2 CCP2M1 CCP2MO 

Legend - = Unimplemented locations, Read as 'O' Note: Shaded boxes are not used in this mode. 

TABLE 10-4: REGISTERS ASSOCIATED WITH TIMER1 AND COMPARE 

Address Name 

OB/BB INTCON 

oc PIR1 

BC PIE1 

OE TMR1L Timer1 Least Significant Byte 

OF TMR1H Timer1 Most Significant Byte 

10 T1CON T1CKPS1 T1CKPSO T10SCEN T11NSYNC TMR1CS TMR10N 

15 CCPR1L Timer1 Compare Register (LSB) 

16 CCPR1H Timer1 Compare Register (MSB) 

17 CCP1CON CCP1M3 CCP1M2 CCP1M1 CCP1MO 

1A CCPR2L Timer1 Compare Register (LSB) 

1B CCPR2H Timer1 Compare Register (MSB) 

1C CCP2CON CCP2M3 CCP2M2 CCP2M1 CCP2MO 

Legend - = Unimplemented locations, Read as 'O' Note: Shaded boxes are not used in this mode. 

TABLE 10-5: REGISTERS ASSOCIATED WITH TIMER2 AND PWM 

Address Name 

OB/BB INTCON 

oc PIR1 

BC PIE1 

11 TMR2 Timer2 

92 PR2 Timer2 period Register 

12 T2CON TOUTPS3 TOUTPS2 TOUTPS1 TOUTPSO TMR20N T2CKPS1 T2CKPSO 

15 CCPR1L Timer2 Duty Cycle Register 

16 CCPR1H Timer2 Duty Cycle Register (Slave) 

17 CCP1CON CCP1X CCP1Y CCP1M3 CCP1M2 CCP1M1 CCP1MO 

1A CCPR2L Timer2 Duty Cycle Register 

1B CCPR2H Timer2 Duty Cycle Register (Slave) 

1C CCP2CON CCP2X CCP2Y CCP2M3 CCP2M2 CCP2M1 CCP2MO 

Legend - = Unimplemented locations, Read as 'O' Note: Shaded boxes are not used in this mode. 
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11.0 SYNCHRONOUS SERIAL PORT 
(SSP) 

The Synchronous Serial Port (SSP) module is a serial 
interface useful for communicating with other peripheral 
or microcontroller devices. These peripheral devices 
may be Serial EEPROMs, shift registers, display drivers, 
AID converters, etc. The SSP module can operate in one 
of two modes: 

• Serial Peripheral Interface (SPI) 
• Inter-Integrated Circuit (12C) 

PIC16C74 

FIGURE 11-1: SSPSTAT: SYNC SERIAL PORT STATUS REGISTER 

u u R R R 

[ - I I 

-
IPI I 

- DIA s 

«:> 1994 Microchip Technology Inc. 

R R 

-
I UA 

I 
R/W 

R 

BF J 
rile 

Register SSPSTAT R/W: Readable & 
Addr: 94h writable bit 
POR value: OOh R: Read only bit 

o U: Unimplemented, 
read as 'O' 

F: Bufferfull 
R eceive CSPI and I~ 
1 
0 

T 
1 

= Receive complete, SSPBUF is full 
= Receive not complete, SSPBUF is empty 

ransmit we mode only) 

0 
= Transmit in progress, SSPBUF is full 
= Transmit complete, SSPBUF is empty 

u A: Update Address (10-bit IZC slave mode only). 
= Indicate that the user needs to update the 

address in the SSPADD register. See 
Section 11.2 for details. 

1 

0 = Address does not need to be updated. 

T 
f 
v 

Riiii: Read/write bit information (l'C mode only) 
his bit holds the RNl bit information received 

allowing the last address match. This bit is only 
alid during the transmission. 

T he user may use this bit in software to determine 
hether transmission or reception is in progress. 
= Read 

w 
1 
0 = Wr~e 

s : Start bit (l'C mode only) 
T his bit is cleared when the SSP module is 

sabled (SSPEN is cleared) di 
1 

0 

p 
T 

= Indicates that a start bit has been detected 
last. This bit is o on reset. 

= Start bit was not detected last 

: Stop bit (IZC mode only) 
his bit is cleared when the SSP module is 
sabled (SSPEN is cleared) di 

1 

0 

= Indicates that a stop bit has been detected 
last. 

= Stop bit was not detected last 

/A: Data/Address bit (12C mode only) D 
1 
0 

u 

= Indicates that the last byte received was data 
= Indicates that the last byte received was 

address 

nimplemented. 
Reads as 'O'. 
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FIGURE 11·2: SSPCON: SYNC SERIAL PORT CONTROL REGISTER 

R/W R/W R/W R/W R/W R/W R/W R/W 

[ WCOL l SSPOV l SSPEN l CKP l SSPM31 SSPM2 l SSPM1.l SSPMO j 
BitO 

Register SSPCON R/W: Readable & 
Addr. 14h writable bit 
POR value: OOh R: Read only bit 

U: Unimplemented, 
read as 'O' 

SSPM<3:0>: Synchronous serial port mode select 
0000 = SPI master mode, clock = osc/4 
0001 = SPI master mode, clock= osc/16 
0010 = SPI master mode, clock= osc/64 
0011 = SPI master mode, clock = (TMR2 outpuV2) 
0100 = SPI slave mode, clock= SCK pin. SS pin control 

enabled. 
0101 = SPlslavemode,clock=SCKpin. SSpincontrol 

disabled. SS can be used as 110 pin. 
011 O = l'C slave mode, 7-bit address 
0111 = 12C slave mode, 10-bit address 
1011 = l'C master mode support enabled (slave idle) 
111 O = l'C slave mode, 7-bit address with master mode 

support enabled 
1111 = 12C slave mode, 10-bit address with master 

mode support enabled 

'--------------- CKP: Clock polarity select. 
In SPI modes· 
1 = Transmit happens on falling edge, receive on rising 

edge. Idle state for clock is a High level. 
o = Transmit happens on rising edge, receive on falling 

edge. Idle state for clock is a Low level. 
lnl~ 
SCK release control 
1 = Enable clock 
o = Holds clock low (clock stretch) 
Note: Used to ensure data setup time 

'------------------ SSPEN: Sync serial port enable 
In SPI modes· 

1 = Enables serial port and configures SCK, SDO and 
SDI as serial port pins. 

0 = Disables serial port and configures these pins as 
1/0 port pins. 

lnl~ 
1 = Enables the serial port and configures SDA and 

SCL pins as serial port pins. 
o = Disables serial port and configures these pins as 

l/Oportpins. 

In both modes, when enabled, these pins must be 
properly configured as input or output. 

SSPOV: Receive overflow flag. 
In SPI modes· 

1 = A new byte is received while SSPBUF register is 
still holding the previous data. In case of overflow, 
the data in SSPSR is lost. Overflow can only occur 
in slave mode. The user must read the SSPBUF, 
even if only transmitting data, to avoid setting 
overflow. In master mode overflow bit is not set 
since each new reception (and transmission) is 
initiated by writing to SSPBUF. 

lnl~ 
1 = A byte is received while the SSPBUF is still 

holding the previous byte. 
SSPOV is a don't care in transmit mode. 

SSPOV must be cleared in software in either mode. 

'------------------------- WCOL: Write collision detect. 

DS30337 A-page 46 

1 = the SSPBUF register is written while it is still 
transmitting the previous word. 
Must be cleared in software. 

O = No collision 
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11.1 SPI Mode 

The SPI mode allows 8-bits of data to be synchronously 
transmitted and received simultaneously. To accom
plish communication, typically three pins are used: 

• Serial Data Out (SDO) 
• Serial Data In (SDI) 
• Serial Clock (SCK) 

Additionally a fourth pin may be used when in a slave 
mode of operation: 

• Slave Select (SS ) 

When initializing the SPI, several options need to be 
specified. This is done by appropriately programming 
the control bit in the SSPCON register (SSPCON<5:0> ). 
These control bits allow the following to be specified: 

• Master Mode (SCK is the clock output) 
• Slave Mode (SCK is the clock input) 
• Clock Polarity (OutpuVlnput data on the Rising/ 

Falling edge of SCK) 
• Clock Rate(Master mode only) 
• Slave Select Mode (Slave mode only) 

The SSP consists of a transmiVreceive Shift Register 
(SSPSR) and a Buffer register (SSPBUF). The SSPSR 
shifts the data in and out of the device, while the 
SSPBUF holds the data that was written to the SSPSR, 
until the received data is ready. Once the 8-bits of data 
have been received, that information is moved to the 
SSPBUF register, the Buffer Full (BF) bit 
(SS PST AT <0>) and the SSPIF bit are set. This double 
buffering of the received data (SSPBUF) allows the next 
byte to start reception before reading the data that was 
received. Any write to the SSPBUF register during 
transmission/reception of data will be ignored, and the 
write collision detect (WCOL) bit (SSPCON<7>) will be 
set. User software must clear the WCOL bit so that it can 
be determined if the following write(s) to the SSPBUF 
completed successfully. When the application software 
is expecting to receive valid data, the SPPBUF should 
be read before the next byte of data to transfer is written 
to the SSPBUF. The Buffer Full (BF) bit (SSPSTAT <0>) 
indicates when the SSPBUF has been loaded with the 
received data (transmission is complete). When the 
SSPBUF is read, the BF bit is cleared. This data may be 
irrelevant if the SPI is only a transmitter. Generally the 
SSP Interrupt is used to determine when the transmis
sion/reception has completed. The SSPBUF can then 
be read (if data is meaningful) and/or the SSPBUF 
(SSPSR) can be written. If the interrupt method is not 
going to be used, then software polling can be done to 
ensure that a write collision does not occur. Example 11-1 
shows the loading of the SSPBUF (SSPSR) for data 
transmission. The instructions with the comment fields 
beginning with ;*** are only required if the received data 
is meaningful. 

PIC16C74 

EXAMPLE 11-1: LOADING THE SSPBUF 
(SSPSR) REGISTER 

LOOP BSF STATUS, RPO ;Specify Bank 1 
BTFSS SSPSTAT, BF ;Has data been 

;received 
; (transmit 

complete)? 
GOTO LOOP ;No 
BCF STATUS, RPO ;Specify Bank 0 
MOVF SSPBUF, w ;W reg = contents 

; of SSPBUF 
MOVWF RXmTA ; ** * Save in user 

RAM 
MOVF TXDATA, w ;W reg = contents 

; TXDATA 
MOVWF SSPBUF ;New data to XInit. 

of 

The block diagram of the SSP module, when in SPI 
mode (Figure 11-3), shows that the SSPSR is not 
directly readable or writable, and can only be accessed 
from addressing the SSPBUF register. Additionally, the 
SSP status register (SSPSTAT) indicates the various 
status conditions. 

FIGURE 11-3: SSP BLOCK DIAGRAM 
(SPI MODE) 

SDI 

1--------. Internal 

bitO 

TRISA<S> 

Clock select 

SSPM<3:0> 

data bus 

Shift 
clock 
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To enable the serial port, the SSP enable bit (SSPEN) 
must be set. This configures the SDI, SDO, SCK, and 
SS pins as serial port pins. For the pins to behave as the 
serial port function, they must have their data direction 
bits (in the TRISC register) appropriately programmed. 
That is: 

• SDI must have TRISC<4> set 
• SDO must have TRISC<5> cleared 
• SCK (Master mode) must have TRISC<3> cleared 
• SCK (Slave mode) must have TRISC<3> set 

• SS must have TRISA<5> set 

Any serial port function that is not desired may be 
overridden by programming the corresponding data 
direction (TRIS) register to the opposite value. An ex
ample would be in master mode where you are Qn!y 
sending data (to a display driver), then both SDI and SS 
could be used as general purpose inputs by clearing 
their corresponding TRIS register bits. 

Figure 11-4 shows a typical connection between two 
microcontrollers. The master controller (Processor 1) 
initiates the data transfer by sending the SCK signal. 
Data is shifted out of both shift registers on their pro
grammed clock edge, and latched on the opposite edge 
of the clock. Both processors should be programmed to 
same Clock Polarity (CKP), then both controllers would 
send and receive data at the same time. Whether the 
data is meaningful (or dummy data) depends on the 
application software. This leads to three scenarios for 
data transmission: 

• Master sends data - Slave sends dummy data 
• Master sends data - Slave sends data 
• Master sends dummy data - Slave sends data 

FIGURE 11-4: SPI MASTER I SLAVE CONNECTION 

SPI Master SSPM<3:0> = OOxxb 

SDO 

Serial Input Buffer 
(SSPBUF) 

Shift Register 
(SSPSR) 

MSb LSb 

SDI 

SCLK, 

PROCESSOR 1 
I 
I 

~------------------------1 

Serial 
Clock 

The master can initiate the data transfer at any time 
because it controls the SCK. How the master knows 
when the slave (Processor 2) wishes to broadcast data 
is determined by the software protocol. 

In master mode the data is transmitted/received as 
soon as the SSPBUF is written to. If the SPI is only going 
to receive, the SCK output could be disabled (pro
grammed as an input). The SSPSR register will con
tinue to shift in the signal present on the SDI pin at the 
programmed clock rate. As each byte is received, it will 
be loaded into the SSPBUF as if a normal received byte 
(interrupts and status bits appropriately set). This could 
be useful in receiver applications as a "line activity 
monitor" mode. 

In slave mode, the data is transmitted and received as 
the external clock pulses appear on SCK. When the last 
bit is latched the interruptflag (SSPI F) is set (PIR1 <3> ). 

The clock polarity is selected by appropriately program
ming the CKP bit (SSPCON<4>). This then would give 
waveforms for SPI communication as shown in 
Figures 11-5 and 11-6. In master mode, the SPI clock 
rate (bit rate) is user programmable to be one of the 
following: 

• OSC / 4 (or Tcy) 
• OSC/16(or4•Tcy) 
• OSC / 64 (or 16 • Tcy) 
• Timer2 output / 2 

This allows a maximum bit clock frequency (at 20 MHz) 
of 5 MHz. When in slave mode the external clock must 
meet the minimum high and low times as specified in 
timing parameters 71 and 72. 

SPI Slave SSPM<3:0> = 01 Oxb 

SDI 

SDO 

Serial Input Buffer 
(SSPBUF) 

Shift Register 
(SSPSR) 

MSb LSb 

~I SCLK 
I 
I 

PROCESSOR2 I 
~------------------------1 
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The SS pin allows a synchronous slave mode. The SPI 
must be in slave mode (SSPCON<3:0> = 04h) and the 
TRISA<5> bit must be setthe for the synchronous slave 
mode to be enabled. When the SS pin is low, transmis
sion and receptio.n..._are enabled and the SDO pin is 
driven. When the SS pin goes high, the SDO pin is no 
longer driven, even if in the middle of a transmitted byte, 
and becomes a floating output. External pull-up I pull
down resisters may be desirable, depending on the 
application. 

PIC16C74 

To emulate two-wire communication, the SDO pin can 
be connected to the SDI pin. When the SPI needs to 
operate as a receiver the SDO pin can be configured as 
an input. Th is disables transmissions from the SDO. The 
SDI can always be left as an input (SDI function) since 
it cannot create a bus conflict. 

FIGURE 11-5: SPI MODE TIMING (MASTER MODE OR SLAVE MODE W/O SS CONTROL) 

SCK 
(CKP=O) 

SCK 
(CKP= 1) 

SDO 

SOI 

SSPIF 
interrupt flag 

FIGURE 11-6: SPI MODE TIMING (SLAVE MODE WITH SS CONTROL) 

ss 

SCK 
(CKP•O) 

SCK 
(CKP•1) 

SDO 

SDI 

bllO 

SSPIF 

TABLE 11-1: REGISTERS ASSOCIATED WITH SPI OPERATION 

Address Name 

OB/BB INTCON 

oc PIR1 

8C PIE1 

13 SSPBUF 

14 SSPCON 

94 SSPSTAT 

SSPMO 

BF 

Legend - = Unimplemented locations, Read as 'O' Note: Shaded boxes are not used by SSP module in SPI mode. 
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11.2 12C™ Overview 

This section gives an overview of the Inter-IC (12C) bus, 
with Section 11.3 discussing the operation of the SSP 
module in 12C mode. The Inter-IC (12C) bus is a two-wire 
serial interface developed by Phillips/Signetics™. The 
original specification, or standard mode, was for data 
transfers of up to 100-Kbps. An enhanced specification, 
or fast mode, supports data transmission up to 400 
Kbps. Both standard mode and fast mode devices will 
inter-operate if attached to the same bus. 

The l2C interlace employs a comprehensive protocol to 
ensure reliable transmission and reception of data. 
When transmitting data, one device is the "master" 
(generates the clock), while the other device(s) acts as 
the "slave". All Portions of the slave protocol are imple
mented in the SSP module's hardware, while portions 
of the master protocol will need to be addressed in the 
PIC16CXX software. Table 11-2 defines some of the 
12C-bus terminology. For additional information on the 
12C interface specification, please refer to the Philips/ 
Signetics™ document •The 12C-bus and how to use if. 
The order number for this document is 98-8080-575. 

In the 12C interface protocol each device has an address. 
When a master wishes to initiate a data transfer, it first 
transmits the address of the device that it wishes to "talk" 
to. All devices "listen" to see if this is their address. Within 
this address, a bit specifies if the master wishes to read 
I write from I to the slave device. The master and slave 
are always in opposite modes (transmitter/receiver) of 
operation during a data transfer. That is they can be 
thought of operating in either of these two relations: 

• Master-transmitter and Slave-receiver 
• Slave-transmitter and Master-receiver 

In both cases the master generates the clock signal. 

The output stages of the clock (SCL) and data (SDA) 
lines must have an open-drain or open-collector in order 
to perform the wired-AND function of the bus. External 
pull-up resistors are used to ensure a high level, when no 
device is pulling the line down •. The number of devices 
that may be attached to the 12C bus is limited only by the 
maximum bus loading specification of 400 pf. 

TABLE 11·2: PC-BUS TERMINOLOGY 

Term Descr~lon 

Transmitter The device that sends the data to the bus 

11.2.1 INITIATING AND TERMINATING DATA 
TRANSFER 

During times of no data transfer (idle time), both the clock 
line (SCL) and the data line (SDA) are pulled high 
through the external pull-up resistors. The START and 
STOP conditions determine the start and stop of data 
transmission. The START condition is defined as a high 
to low transition of the SDA when the SCL is high. The 
STOP condition is defined as a low to high transition of 
the SDA when the SCL is high. Figure 11-7 shows the 
START and STOP conditions. The master generates 
these conditions for starting and terminating data trans
fer. Due to the definition of the START and STOP 
conditions, when data is being transmitted the SDA line 
can only change state when the SCL line is low. 

FIGURE 11-7: START AND STOP 
CONDITIONS 

,----. .----. 
I I I I I I I --1\ I ~----~ ! i rr---

SOA ! I ~------f-l+--+-1 ! 
D\j___y-1 I I I ---·~I l l I --

1 I I I 

SCL L_~_J ! ! L~_J 
I I I I 

Siar! Change Change Stop 
Condition of Data of Data Condition 

Allowed Allowed 

Receiver The device that receives the data from the bus 

Master The device which initiates the transfer, generates the clock, and terminates the transfer 

Slave The device addressed by a master 

Multi-master More than one master device in a system. These masters can attempt to control the bus at the same 
time without corrupting the message 

Arbitration Procedure that ensures that only one of the master devices will control the bus. This ensures that 
the transfer data does not get corrupted. 

Synchronization Procedure where the clock signals of two or more devices are synchronized. 
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11.2.2 ADDRESSING 12C DEVICES 

There are two address formats. The simplest is the 7-bit 
address format with a RIVI/ bit (see Figure 1.1-8). The 
more complex is the 10-bit address with a RIVI/ bit (see 
Figure 11-9). For 10-bit address format, two bytes must 
be transmitted with the first five bits specifying this to be 
a 10-bit address. 

FIGURE 11-8: 7-BIT ADDRESS FORMAT 

MSB LSB 

I s I : : : : : : IAAVIACK I 
L slave address __J ser! by 

Start Condition 
Read/Write pulse 
Acknowledge 

Slave 

FIGURE 11-9: 12C 10-BIT ADDRESS FORMAT 

sent by slave 4----' 

'-----.. = O for write 

S - Start Condition 
AIR - Read/Write Pulse 
ACK - Acknowledge 

FIGURE 11-11: A DATA TRANSFER 

r---1 
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1.2.3 TRANSFER ACKNOWLEDGE 

All data must be transmitted per byte, with no limit to the 
number of bytes transmitted per data transfer. After 
each byt~e slave-receiver generates an acknowl
edge bit (ACK). This is shown in Figure 11-1 o. When a 
slave-receiver doesn't acknowledge the slave address 
or received data, the master must abort the transfer. The 
slave must leave SDA high so that the master can 
generate the STOP condition (see Figure 11-7) . 

FIGURE 11-10: SLAVE-RECEIVER 
ACKNOWLEDGE 

Data ~-, 

0u1pu1by+ I ,....--..,-------c.=J 
Transmitter i ~--

Data : : not acknowtedge 

Output by I I .. ~ 
Receiver I I 

I I acknowledge 
SCL from -t--1\ r-'\ r-'\ r::"\ '-"\ 

Master I I'-' 1 \._/ 2 \__ __ _J 8 \..J 9 \..... 

I I 1 IS I 
,_'._] 

Start Clock pulse for 
Condition acknowledgement 

If the master is receiving the data (master-receiver), it 
generates an acknowledge signal for each received 
byte of data, except for the last byte. To signal the end 
of data to the slave-transmitter, the master does not 
generate an acknowledge (not acknowledge). The slave 
then releases the SDA line so the master can generate 
the STOP condition. The master can also generate the 
STOP condition during the acknowledge pulse for valid 
termination of data transfer. 

If the slave needs to delay the transmission of the next 
byte, holding the SCL line low will force the master into 
a wait state. Data transfer continues when the slave 
releases the SCL line. This allows the slave to move the 
received data or fetch the data it needs to transfer before 
allowing the clock to start. This wait state technique can 
also be implemented at the bit level. Figure 11-11 
shows a data transfer waveform. 

r---1 

soAt\...Lm:= I I MSB acknowledgement 
1 I signal from receiver 

==x=nY: 
byte complete. acknowledgement I I 
interrupt with receiver signal from receiver 1 I 

I I 
I I 
I I 
I I 

sc~--
start 

Condition 

C 1994 Microchip Technology Inc. 

Address 

I I 
clock line held low while I I 
interrupts are serviced 1 I 

9 ! 1 2 3-:av;\__{f;! 
~LJ slo~ 
ACK Wait Data ACK Condition 

State 
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Figures 11-12 and 11-13 show Master-transmitter and 
Master-receiver data transfer sequences. 

When a master does not wish to relinquish the bus (by 
generating a STOP condition), a repeated START con
dition (Sr) must be generated. This condition is identical 
to the start condition (SDA goes high-to-low while SCL 

FIGURE 11-12: MASTER-TRANSMITTER SEQUENCE 

For 7-bit address: 

A master transmitter addresses a slave receiver with a 
7-blt address. The transfer direction is not changed. 

~ =acknowledge (SDA low) 
• From master to slave A = not acknowledge (SDA high) 

S = START condition D From slave to master p = STOP condition 

FIGURE 11-13: MASTER-RECEIVER SEQUENCE 

For 7-bit address: 

A master reads a slave immediately after the first byte. 

• From master to slave 

D From slave to master 

~ = acknowledge (SDA low) 
A = not acknowledge (SDA high) 
S =START condition 
P = STOP condition 

FIGURE 11-14: COMBINED FORMAT 

Sr = repeated 
START condition 

is high), but occurs after a data transfer acknowledge 
pulse (not the bus-free state). This allows a master to 
send "commands" to the slave and then receive the 
requested information or to address a different slave 
device. This sequence is shown in Figure 11-14. 

For 10-bit address: 

A master transmitter addresses a slave receiver with a 
10-blt address. 

For 1 0-bit address: 

A master transmitter addresses a slave receiver with a 
10-blt address. 

Transfer direction of data and acknowledgement bits depends on RiW bits. 

Combined Format: 

Combined format - A master addresses a slave with a 10-bit address, then transmits 
data to this slave and reads data from this slave. 

A = acknowledge (SDA low) 
• From master to slave A = not acknowledge (SDA high) 

D s =START condition 
From slave to master p = STOP condition 

DS30337A-page 52 !Pin~~~ m ~n~iry 
2-450 

C 1994 Microchip Technology Inc. 



1.2.4 Multi-master 

The 12C protocol allows a system to have more than one 
master. This is called multi-master. When two or more 
masters try to transfer data at the same time, arbitration 
and synchronization occur. 

11.2.4.1 ARBITRATION 

Arbitration takes place on the SDA line, while the SCL 
line is high. The master which transmits a high when the 
other master transmits a low loses arbitration (see 
Figure 11-15), and turns off its data output stage. A 
master which lost arbitration can generate clock pulses 
until the end of the data byte where it lost arbitration. 
When the master devices are addressing the same 
device, arbitration continues into the data. 

FIGURE 11-15: MULTI-MASTER 
ARBITRATION (2 MASTERS) 

transmitter 1 loses arbitration 
I/_ DATA 1 SDA : --------------

SDA 
I I 

I I I I 

SCL : ~ n I\ r,-\ I\ I\ I 
L_J I I 

I I 

Masters that also incorporate the slave function, and 
have lost arbitration must immediately switch over to 
slave-receiver mode. This is because the winning mas
ter-transmitter may be addressing it. 

Arbitration is not allowed between: 

• A repeated START condition 
• A STOP condition and a data bit 
• A repeated START condition and 

a STOP condition 

Care needs to be taken to ensure that these conditions 
do not occur. 

PIC16C74 

11.2.4.2 CLOCK SYNCHRONIZATION 

Clock synchronization occurs after the devices have 
started arbitration. This is performed using a wired-AND 
connection to the SCLline. A high to low transition on the 
SCL line causes the concerned devices to start counting 
off their low period. Once a device clock has gone low, 
it will hold the SCL line low until its SCL high state is 
reached. The low to high transition of this clock may not 
change the state of the SCL line, if another device clock 
is still within its low period. The SCL line is held low by 
the device with the longest low period. Devices with 
shorter low periods enter a high wait-state, until the SCL 
line comes high. When the SCL line comes high, all 
devices start counting off their high periods. The first 
device to complete its high period will pull the SCL line 
low. The SCL line high time is determined by the device 
with the shortest high period. This is shown in 
Figure 11-16. 

FIGURE 11·16: CLOCK SYNCHRONIZATION 

CLK 
1 

CLK 
2 

SCL 

wait start counting 
state HIGH period 

r ,---------
1_ ____ 1 ___ ~ 
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11.3 SSP 12C Operation 

The SSP module in 12C mode fully implements all slave 
functions, and provides support in hardware to facilitate 
software implementations of the master functions. The 
SSP module implements the standard and fast mode 
specifications as well as 7-bit and 10-bit addressing. 
Two pins are used for data transfer. These are the 
RC3/SCK/SCL pin, which is the clock (SCL), and the 
RC4/SDl/SDA pin, which is the data (SDA). The user 
must configure these pins as inputs or outputs through 
the TRISC<4:3> bits. A block diagram of the SSP 
module in 12C mode is shown in Figure 11-17. The SSP 
module functions are enabled by setting the SSP Enable 
(SSPEN) bit (SSPCON<5>). 

FIGURE 11-17: SSP BLOCK DIAGRAM 
(12C MODE) 

Set, Reset 
S, Pbits 
(SSPSTAT Reg) 

The SSP module has five registers for 12C operation. 
These are the: 

• SSP Control Register (SSPCON) 
• SSP Status Register (SSPSTAT) 
• Serial Receive I Transmit Buffer (SSPBUF) 
• SSP Shift Register (SSPSR) - Not directly 

accessible 
• Address Register (SSPADD) 

The SSPCON register allows control of the 12C opera
tion. Four mode selection bits (SSPCON<3:0>) allows 
one of the following l2C modes to be selected: 

• 12C Slave mode (7-bit address) 
• 12C Slave mode (10-bit address) 
• 12C Slave mode (7-bit address), with 

master-mode support 
• 12C Slave mode (10-bit address), with 

master-mode support 
• 12C Master mode, slave is idle 

Selection of any 12C mode and with the SSPEN bit set, 
forces the SCL and SDA pins to be open collector, 
provided these pins are set to inputs through the TRISC 
bits. 

The SSPSTAT register gives the status of the data 
transfer. This information includes detection of a ST ART 
or STOP bit, specifies if the received byte was data or 
address, if the next byte is the completion of 10-bit 
address, and if this will be a read or write data transfer. 
The SSPSTAT register is read only. 

The SSPBUF is the register to which transfer data is 
written to or read from. The SSPSR register shifts the 
data in or out of the device. In receive operations, the 
SSPBUF and SSPSR create a doubled buffered re
ceiver. This allows reception of the next byte before 
reading the last byte of received data. When the com
plete byte is received, it is transferred to the SSPBUF 
and the SSPIF is set. If another complete byte is re
ceived before the SSPBUF is read, a receiver overflow 
has occurred and the SSPOV bit (SSPCON<6> is set. 

The SSPADD register holds the slave address. In 10-bit 
mode, the user needs to write the high byte of the 
address (1 1 1 1 O A9 AS 0). Following the high byte 
address match, the low byte of the address needs to be 
loaded (A7 - AO). 
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11.3.1 Slave Mode 

In slave mode, the SCL and SDA pins must be config
ured as inputs {TRISC<4:3> set). The SSP module will 
override the input state with the output data when 
required (slave-transmitter). 

When an address is matched or the data transfer from 
an address match is received, the hardware automati
cally will generate the acknowledge (ACK) pulse, and 
then load the SSPBUF with the received value in the 
SSPSR. 

There are certain conditions that will cause the SSP 
module notto give this ACK pulse. These are if either (or 
both): 

• The Buffer Full (BF) bit was set before the transfer 
was received. 

• The Overflow (SS POV) bit was set before the transfer 
was received. 

In this case, the SSPSR value is not loaded into the 
SSPBUF, but the SSPIF bit is set. Table 11-3 shows 
what happens when a data transfer byte is received, 
given the status of the BF and SSPOV bits. The shaded 
boxes shows the condition where user software did not 
properly clear the overflow condition. The BF flag is 
cleared by reading the SSPBUF register while the 
SSPOV bit is cleared through software. 

The SCL clock input must have a minimum high and low 
for proper operation. The high and low times of the 12C 
specification. as well as the requirement of the SSP 
module is shown in timing specifications #90 and 91. 

PIC16C74 

11.3.1.1 ADDRESSING 

Once the SSP module has been enabled, The SSP 
waits for a START condition to occur. Following the 
START condition, the B-bits are shifted into the SSPSR. 
All incoming bits are sampled with the rising edge of the 
clock (SCL) line. The SSPSR<7:1 >is compared to the 
SSPADD register. The address is compared on the 
falling edge of the eighth clock (SCL) pulse. If the 
addresses match, andthe BF and SS POV bits are clear, 
the following things happen: 

• SSPSR loaded into SSPBUF 
• Buffer Full (BF) bit is set 

• ACK pulse is generated 
SSP Interrupt Flag (SSPIF) is set (interrupt is gener
ated if enabled) - on falling edge of ninth SCL pulse 

In 10-bit address mode, two address bytes need to be 
received by the slave (see Figure 11-9). The five Most 
Significant bits (MSbs) of the fi!'.§.t address byte specify 
if this is a 10-bit address. The RtN bit (bit 0) must specify 
a write, so the slave device will receive the second 
address byte. For a 10-bit address the first byte would 
equal '1 1 1 1 O A9 AB O', where A9 and AB are the two 
MSbs of the address. The sequence of events for 10-bit 
address are as follows, with steps 7- 9 for slave-transmit
ter: 

1. Receive first (high) byte of Address (SSPIF, BF and 
UAareset) 

2. Update SSPADD with second (low) byte of Address 
(clears UA and releases SCL line) 

3. Read SSPBUF (clears BF) and clear SSPIF 
4. Receive second (low) byte of Address (SSPIF, BF 

and UA are set) 
5. Update SSPADD with first (high) byte of Address 

(clears UA, if match releases SCL line) 
6. Read SSPBUF (clears BF) and clear SSPIF 
7. Receive Repeated START condition 
B. Receive first (high) byte of Address (SSPIF and BF 

are set) 
9. Read SSPBUF (clears BF) and clear SSPIF 

TABLE 11-3: DATA TRANSFER RECEIVED BYTE ACTIONS 

Status Bits as Data SetSSPIFbit 
Transfer is Received Generate ACK (SSP Interrupt if 
BF SSPOV SSPSR~SPBUF Pul Enabled 

0 0 Yes Yes Yes 

0 No No Yes 

No No Yes 
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11.3.1.2 RECEPTION 

When the R/W bit of the addr@l!s byte is clear and an 
address match occurs, the R/W bit of the SSPSTAT 
register is cleared. The received address is loaded into 
theSSPBUF. 

When the address byte overflow condition exists then no 
acknowledge (ACK ) pulse is given. An overflow condi
tion is defined as either the BF bit (SSPSTAT <0>) is set 
or the SSPOV bit (SSPCON<6>) is set. 

A SSPIF interrupt is generated for each data transfer 
byte. The SSPIF bit must be cleared in software, and the 
SSPSTAT register is used to determine the status of the 
byte. 

FIGURE 11-18: 12C WAVEFORMS FOR RECEPTION (7-BIT ADDRESS) 

SSPIF PIR1<3> 

BF (SSPSTAT <II>) 

SSPOV (SSPCON<il>) 
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11.3.1.3 TRANSMISSION 

When the R/W bit of the add~ss byte is set and an 
address match occurs, the R/W bit of the SSPST AT 
register is set. The received address is loaded into the 
SSPBUF. The ACK pulse will be sent on the ninth bit, 
and the SCL pin is held low. The transmit data must be 
loaded into the SSPBUF register, which also loads the 
SSPSR register. Then the SCL pin should be enabled by 
setting the CKP bit (SSPCON<4>). The eight data bits 
are shifted out on the falling edge of the SCL input. This 
ensures that the SDA signal is valid during the SCL high 
time (see Figure 11-19). 

PIC16C74 

A SSPI F interrupt is generated for each data transfer 
byte. The SSPIF bit must be cleared in software, and the 
SSPSTAT register is used to determine the status of the 
byte. The SSPIF bit is set on the falling edge of the ninth 
clock pulse. 

As a slave-transmitter, the ACK pulse from the master
receiver is latched on the rising edge of the ninth SCL 
input pulse. If the SDA line was high (not ACK), thenthe 
data transfer is complete. The slave then monitors for 
anotheroccurrence of the START b~. If the SDA line was 
low (ACK), the transmit data must be loaded into the 
SSPBUF register, which also loads the SSPSR register. 
Then the SCL pin should be enabled by setting the CKP 
bit (SSPCON<4>). 

FIGURE 11-19: 12C WAVEFORMS FOR TRANSMISSION (7-BIT ADDRESS) 

~~,~,r~~~~~.~~,~,P/W~-~=1 ACK 

SDA '--A~CK-'--~~~1-'-::J'--:::J~:::::..,'}_'::::., 

SCL 

SSPIF (PIR1<3>) 

BF (SS PST AT <0>) 

Cleared in software } Fr~ SSPI~ interrupt 
SSPBUF is written in software service ro~me 

CKP (SSPCON<4>) 

Set bit after writing to SSPBUF 
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11.3.2 Master Mode 

Master mode of operation is supported by interrupt 
generation on the detection of the START and STOP 
conditions. The STOP (P)and START (S) bits are cleared 
from a reset or when the SSP module is disabled. 
Control of the 12C bus may be taken when the P bit is set, 
or the bus is idle and both the S and P bits are cleared 

In master mode the SCL and SDA lines are manipulated 
by changing the corresponding TRISC<4:3> bit(s) to an 
output (cleared). The output level is always low, irre
spective of the value(s) in PORTB<4:3>. So when 
transmitting data, a "1" data bit must have the TRISC<4> 
bit set (input) and a •o• data bit must have the TRISC<4> 
bit cleared (output). The same scenario is true for the 
SCL line with the TRISC<3> bit. 

The following events will cause the SSP Interrupt Flag 
(SSPIF) to be set (SSP Interrupt if enabled): 

• START condition 
• STOP condition 
• Data transfer byte transmitted/received 

Master mode of operation can be done with either the 
slave mode idle (SSPM3 - SSPMO = 1011) or with the 
slave active. When both master and slave modes are 
enabled, the software needs todifferentiatethe source(s) 
of the interrupt. 

11.3.3 Multi-master Mode 

In multi-master mode, the interrupt generation on the 
detection of the START and STOP conditions allows the 
determination of when the bus is free. The STOP (P)and 
START (S) bits are cleared from a reset or when the SSP 
module is disabled. Control of the 12C bus may be taken 
when the P bit is set, or the bus is idle and both the Sand 
P bits are cleared. When the bus is busy, enabling the 
SSP Interrupt will generate the interrupt when the stop 
condition occurs. 

In multi-master operation, the SDA line must be moni
tored to see if the signal level is the expected output 
level. This check only needs to be done when a high 
level is output. If a high level is expected and a low level 
is present, the device needs to release the SDA and SCL 
lines (setTRISC<4:3>). There are two stages where this 
arbitration can be lost, these are: 

• Address Transfer 
• Data Transfer 

When the slave logic is enabled, the slave continues to 
receive. If arbitration was lost during the address trans
fer stage, the device may be being addressed. If ad
dressed an ACK pulse will be generated. If arbitration 
was lost during the data transfer stage, the device will 
need to re-transfer the data at a later time. 

TABLE 11-4: REGISTERS ASSOCIATED WITH 12C OPERATION 

Address Name 

OB/SB INTCON 

oc PIR1 

SC PIE1 

13 SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register 

93 SSPADD Synchronous Serial Port (12C mode) Address Register 

14 SS PC ON WCOL SS POV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPMO 

94 SSPSTAT DIA p s Rfii UA BF 

Legend - = Unimplemented locations, Read as 'O' 
Note: Shaded boxes are not used by the SSP module in l2C mode. 

DS30337A-page 58 IP IF(@}~~ m ~ 111 ~.wy C 1994 Microchip Technology Inc. 

2-456 



PIC16C74 

FIGURE 11-20: OPERATION OF THE PC MODULE IN IDLE_MODE, RCV _MODE OR XMIT _MODE 

IDLE_MODE (7-bit): 
if (Addr_match) { Set interrupt; 

H (Rfi'i = 1 ) {Send ACK = O; 
set XMIT _MODE; 
} 

else if (Rfi'i = 0) set RCV _MODE; 

RCV_MODE: 
if ((SSPBUF=Full) OR (SSPOV = 1)) 

{SetSSPOV; 
Do not acknowledge; 
} 

else { transfer SSPSR -> SSPBUF; 
sendACK =0; 
} 

Receive 8-bits in SSPSR; 
Set interrupt; 

XMIT_MODE: 
While ((SSPBUF = Empty) AND (CKP=O)) Hold SCL low; 
Send byte; 
Set interrupt; 
if (ACK Received= 1) 

else if (ACK Received = 0) 

IDLE_MODE (10-Bit): 

{End of transmission; 
Go back to IDLE_MODE; 
} 
Go back to XMIT _MODE; 

If (High_byte_addr_match AND (Rfi'i = 0)) 
{ PRIOR_ADDR_MATCH =FALSE; 

Set interrupt; 
if ((SSPBUF =Full) OR ((SSPOV = 1)) 

{Set SSPOV; 
Do not acknowledge; 

} 
else { Set UA = 1; 

Send ACK =0; 
While (SSPADD not updated) Hold SCL low; 
Clear UA= O; 
Receive Low_addr_byte; 
Set interrupt; 
SetUA=1; 
If (Low_byte_addr_match) 

{ PRIOR_ADDR_MATCH =TRUE; 
Send ACK =0; 
while (SSPADD not updated) Hold SCL low; 
ClearUA=O; 
Set RCV _MODE; 

} 

else if (High_byte_addr_match AND (Rfi'i = 1) 
{ if (PRIOR_ADDR_MATCH) 

{ send ACK = O; 
set XMIT _MODE; 

} 
else PRIOR_ADDR_MATCH =FALSE; 

} 

© 1994 Microchip Technology Inc. IP 111~~ ~ m ~ lril©l IFY' 
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12.0 SERIAL COMMUNICATION 
INTERFACE (SCI) MODULE 

The Serial Communication Interface (SCI) module is one 
of the two serial 1/0 modules. The SCI can be configured 
as a full duplex asynchronous system that can commu
nicate with peripheral devices such as CRT terminals 
and personal computers, or it can be configured as a half 
duplex synchronous system that can communicate with 
peripheral devices such as AID or D/A integrated cir
cuits, Serial EEPROMs etc. The SCI can be configured 
in the following modes: 

• Asynchronous (full duplex) 

• Synchronous - Master (haH duplex) 

• Synchronous - Slave (haH duplex) 

The SPEN (RCSTA<7>) bit has to be set in order to 
configure RC6 and RC7 as the Serial Communication 
Interface. 

FIGURE 12-1: TXSTA: TRANSMIT STATUS AND CONTOL REGISTER 

R/W R/W R/W R/W u R/W R R/W 

[ CSRC l TX819 l TXEN l SYNC l - l BRGH l TRMT l TX08 J 

L 
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Register TXSTA 
Addr: 98h 

R = Read only bit 
R/W = Readable and writable bit 
U = Unused, reads as O 

TXDB: 9th bit of transmit data, can be the 
calculated parity 

TRMT: Transmit shift register (TSR) empty 
1 =TSRempty 
0 = TSR full 

BRGH: High baud rate select bit 
Asynchronous mode· 
1 = 
0= 
Synchronous mode· 
Unused 

Unimplemented. 
Reads as 'O'. 

SYNC: SCI mode 
(Synchronous/Asynchronous) 
1 = Synchronous mode 
O = Asynchronous mode 

TXEN: Transmit Enable bit 
1 = Transmit enabled 
0 =Transmit disabled 
SREN/CREN overrides TXEN In SYNC mode 

TX819: Transmit Data Length bit 
1 = Selects 9-bit transmission 
O = Selects 8-bit transmission 

CSRC: Clock Source Select bit 
Synchronous mode· 
1 = Master Mode (Clock generated internally 

fromBRG) 
O =Slave mode (Clock from external source) 
Asynchronous mode· 
Donicare. 

© 1994 Microchip Technology Inc. 
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FIGURE 12-2: RCSTA: RECEIVE STATUS AND CONTOL REGISTER 

A/W A/W u R R R 

l SPEN l RC8/9 l SREN T CREN l - J FERR 1 OERR l RCD8 J Register RCSTA R = Read only bit 
Addr. 18h A/W =Readable and writable bit 

U = Unused. reads as o 

12.1 SCI BAUD RATE GENERATOR (BRG) 

The BAG supports both the Asynchronous and Syn
chronous modes of the SCI. It is a dedicated 8-bit baud 
rate generator. The SPBRG register controls the period 
of a free running 8-bit timer. In asynchronous mode the 
BRGH (TXSTA<2>) also controls the baud rate. In 
synchronous mode BRGH is ignored. Table 12-1 shows 
the formula for computation of the baud rate for different 
SCI modes. 

TABLE 12-1: BAUD RATE FORMULA 

SYNC BRGH=O 

0 Baud Rate=Fosc/64(X+1) 

1 Baud Rate = Fosc/4(X+ 1) 

X = value in SPBRG (0 to 255) 

L ACD8: 9th bit of receive data, can be parity bit 

OERR: overrun Error bit. 
1 = OVerrun. Reset by clearing CREN 
0 = No overrun error 

FERR: Framing Error bit . 
1 = Framing error 
O = No framing error 

Unimplemented. 
Aeadsas'O'. 

CREN: Continuous Receive Enable bit 
Asynchronous mod@· 
1 = Enables reception 
O = Disables reception 
Synchronous mode· 
1 = Enables continuous reception until CREN is 

cleared CREN overrides SREN. 
O = Disables continuous reception? 

SREN: Single Receive Enable bit. 
Synchronoos mode· 
1 = Enable reception. 
o = Disables reception? 
Note: This bit is ignored In synchronous slave 
reception. 
SREN is cleared after reception Is complete. 
Asvnchronous mode· 

Donicare 

RC819: Receive Data Length bit 
1 = Selects 9-bit reception. 
o = Selects 8-bit reception. 

SPEN: Serial Port Enable bit 
1 = Configures RA4/RX/OT and RA5/TX/CK pins as 

serial port pins. 
o = Serial port disabled. 

Given the desired baud rate, and Fosc, the nearest 
integer value between O and 255 can be calculated using 
the formula below. The error in baud rate can then be 
determined. 

BRGH=1 

Baud Rate=Fosc/16(X+1) 

NA 
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Example 12-1 shows the calcualtion ofthe baud rate 
error for the following conditions: 

Fosc = 16 MHz 
Desired Baud Rate = 9600 
BRGH=O 
SYNC:o 

EXAMPLE 12-1: CALCULATING BAUD RATE 
ERROR 

Desired Baud rate = Fosc I (64 (X + i>) 

9600 

x 
16000000 I 64 (X + 1) 

25.042=25 

New Baud Rate 16000000 I ( 64 (25 + 1)) 

9615 

Error 
(New Baud Rate - Desired Baud Rate) 

Desired Baud Rate 

= (9615 - 9600) I 9600 

= 0.16% 

It may be advantageous to use the high baud rate 
(BRGH = 1) even for slower baud clocks. This is 
because the. FOSC/4(x + 1) equation can reduce the 
baud rate error in some cases. · 

Writing a new value to the SPREG, causes the BRG 
timer to be reset (or cleared), this guarantees that the 
BRG does not wait for a timer overflow before outputting 
the new baud rate. 

TABLE 12-2: REGISTERS ASSOCIATED WITH BAUD RATE GENERATOR 

Address Name 

Ox98 TXSTA 

Ox99 SPBRG 

TABLE 12-3: BAUD RATES FOR SYNCHRONOUS MODE 

BAUD fosc=20MHZ SPBRG 16MHZ SPBRG 10MHZ SPBRG 7.15909MHZ SPBRG 
RATE value value value value 
(K) KBAUD %ERROR (decimal) KBAUD %ERROR (decimal) KBAUD %ERROR (decimal) KBAUD %ERROR (decimal) 
0.3 NA - - NA - - NA - - NA 
1.2 NA - - NA - NA - - NA - -
2.4 NA - - NA - NA - - NA -
9.6 NA - - NA - - 9.766 +1.73 255 9.622 +o.23 185 
19.2 19.53 +1.73 255 19.23 +o.16 207 19.23 +o.16 129 19.24 +o.23 92 
76.8 76.92 +o.16 64 76.92 +o.16 51 75.76 -1.36 32 77.82 +1.32 22 
96 96.15 +o.16 51 95.24 -0.79 41 96.15 +o.16 25 94.20 -1.88 18 
300 294.1 -1.96 16 307.69 +2.56 12 312.5 +4.17 7 298.3 -0.57 5 
500 500 0 9 500 0 7 500. 0 4 NA - -
HIGH 5000 - 0 4000 - 0 2500 - 0 1789.8 - 0 
LOW 19.53 - 255 15.625 - 255 9.766 - 255 6.991 - 255 

BAUD lose = 5.0688MHZ SPBRG 3.579545MHZ SPBRG 1MHZ SPBRG 32.768KHZ SPBRG 
RATE value value value value 
(K) KBAUD %ERROR (decimal) KBAUD %ERROR (decimal) KBAUD %ERROR (decimal) KBAUD %ERROR (decimal) 
0.3 NA - - NA - - NA - 0.303 +1.14 26 
1.2 NA - - NA - 1.202 +o.16 207 1.170 -2.48 6 
2.4 NA - - NA - 2.404 +o.16 103 NA - -
9.6 9.6 0 131 9.622 +o.23 92 9.615 +o.16 25 NA - -
19.2 19.2 0 65 19.04 -0.83 46 19.24 +o.16 12 NA - -
76.8 79.2 +3.13 15 74.57 -2.90 11 83.34 +8.51 2 NA - -
96 97.48 +1.54 12 99.43 +3.57 8 NA - - NA - -
300 316.8 +5.60 3 298.3 -0.57 2 NA - - NA - -
500 NA - - NA - NA - - NA - -
HIGH 1267 0 894.9 - 0 250 - 0 8.192 - 0 
LOW 4.950 - 255 3.496 255 0.9766 - 255 0.032 - 255 

0530337 A-page 62 !Pir®~~m~lfil~IFY @ 1994 Microchip Technology Inc. 

2-460 



PIC16C74 

TABLE 12-4: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH=O) 

BAUD lose=20MHZ SPBRG 16MHZ SPBRG 10MHZ SPBRG 7.15909MHZ SPBRG 
RATE value value value value 
~ KBAUD %ERROR ~ecima.!2 KBAUD %ERROR (decimal KBAUD %ERROR _l!lecimal KBAUD %ERROR J.decima_I)_ 

0.3 NA NA - NA NA -
1.2 1.221 +1.73 255 1.202 +0.16 207 1.202 +0.16 129 1.203 +0.23 92 
2.4 2.404 +0.16 129 2.404 +0.16 103 2.404 +0.16 64 2.380 -0.83 46 
9.6 9.469 -1.36 32 9.615 +0.16 25 9.766 +1.73 15 9.322 -2.90 11 
19.2 19.53 +1.73 15 19.23 +0.16 12 19.53 +1.73 7 18.64 -2.90 5 
76.8 78.13 +1.73 3 83.33 +8.51 2 78.13 +1.73 1 NA -
96 104.2 +8.51 2 NA NA NA -
300 312.5 +4.17 0 NA - NA NA 
500 NA NA NA - - NA 
HIGH 312.5 0 250 - 0 156.3 - 0 111.9 0 
LOW 1.221 255 0.977 - 255 0.6104 255 0.437 255 • BAUD lose = 5.0688MHZ SPBRG 3.579545MHZ SPBRG 1MHZ SPBRG 32.768KHZ SPBRG 
RATE value value value value 
(K) KBAUD %ERROR (decimal) KBAUD %ERROR (decimal) KBAUD %ERROR (decimal) KBAUD %ERROR (decimal) 
0.3 0.31 +3.13 255 0.301 +0.23 185 0.300 +0.16 51 0.256 -14.67 1 
1.2 1.2 0 65 1.190 -0.83 46 1.202 +0.16 12 NA -
2.4 2.4 0 32 2.432 +1.32 22 2.232 -6.99 6 NA - -
9.6 9.9 +3.13 7 9.322 -2.90 5 NA NA -
19.2 19.8 +3.13 3 18.64 -2.90 2 NA - NA 
76.8 79.2 +3.13 0 NA - NA NA -
96 NA - NA NA NA - -
300 NA - NA NA - NA -
500 NA NA - NA - - NA 
HIGH 79.2 - 0 55.93 0 15.63 0 0.512 0 
LOW 0.3094 - 255 0.2185 255 0.0610 255 0.0020 255 

TABLE 12-5: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH=1) 

BAUD lose =20MHZ SPBRG 16MHZ SPBRG 10MHZ SPBRG 7.16MHZ SPBRG 
RATE value value value value 
(K) KBAUD %ERROR (decimal) KBAUD %ERROR (decimal) KBAUD %ERROR (decimal) KBAUD %ERROR (decimal) 

9600 9615.34 +0.16 129 9615.34 +0.16 103 9615.39 +0.16 64 9520.07 -0.83 46 
19200 19230.77 +0.16 64 19230.77 +0.16 51 18939.39 -1.36 32 19454.05 +1.32 22 
38400 37878.79 -1.36 32 38461.54 +0.16 25 39062.5 +1.7 15 37286.93 -2.90 11 
57600 56818.18 -1.36 21 58823.53 +2.12 16 56818.18 -1.36 10 55930.39 -2.90 7 
115200 113636.4 -1.36 10 111111.1 -3.55 8 125000 +8.51 4 111860.8 -2.90 3 
250000 250000 0 4 250000 0 3 NA - - NA - -
625000 625000 0 1 NA - 625000 0 0 NA - -
1250000 1250000 0 0 NA - - NA - - NA -

BAUD lose = 5.068MHZ SPBRG 3.579MHZ SPBRG 1MHZ SPBRG 32.768KHZ SPBRG 
RATE value value value value 
(K) KBAUD %ERROR (decimal) KBAUD %ERROR (decimal) KBAUD %ERROR (decimal) KBAUD %ERROR (decimal) 

9600 9600 0 32 9727.02 +1.32 22 8928.57 -6.99 6 NA - -
19200 18645.29 -2.94 16 18643.46 -2.90 11 20833.33 +8.51 2 NA - -
38400 39600 +3.12 7 37286.93 -2.90 5 31250 -18.61 1 NA 
57600 52800 -6.33 5 55930.39 -2.90 3 62500 +8.51 0 NA - -
115200 105600 -6.33 2 111860.8 -2.90 1 NA - NA - -
250000 NA - - 223721.6 -10.51 0 NA - NA - -
625000 NA - - NA NA - NA 
1250000 NA - NA NA NA - -
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12.1.1 SAMPLING 

The data on the RX pin is sampled three times by a 
majority detect circuit to determine if a 1- or a 0-level is 
present at the RX pin. If BRGH is clear (i.e., at the low 
baud rates), the sampling is done on the seventh, eighth 
and ninth edge of a 16xclock(see Figure 12-2). If BRGH 

is set (i.e., at the high baud rates), the sampling is done 
on the 3 clocks preceding the second rising edge after 
the first falling edge of a 4x clock (see Figures 
12-4 and 12-5). 

FIGURE 12.3 ·RX PIN SAMPLING SCHEME (BRGH=O) 

;- - - -- - - - - - - - - - - - -- - - - --- - - -- - - - - - - - Baudclk for all but start bit i---
baud elk --~' ______________ ,__ ____________ __,! 

16x elk 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 2 

i i i 
Samples 

FIGURE 12.4 ·RX PIN SAMPLING SCHEME (BRGH=1) 

RX pin ~~--S_T_A_RT_B_IT __ ~/ ____ B_IT_o __ ~X~ __ e_1T_1 --

First falling edge after RX pin goes low 

/r Second rising edge 

4xclk 

2 3 4 2 3 4 2 

02, Q4clk 

iii iii iii 
Samples Samples Samples 

FIGURE 12.5 ·RX PIN SAMPLING SCHEME (BRGH=1) 

RX pin ~ r-:::::-:-
1\~. ___________ S_T_A_R_T_B_IT ____________ __,/ BITO 

,- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ·: - Baudclk for all but start bit 
baudcik~'-....------------~-------------' 

First falling edge after RX pin goes low 

4xclk 
~-_,._,/ Second rising edge~--~ 

2 3 4 

Q2,04clk 

Samples 
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12.2 SCI Asynchronous Mode 

In this mode, the SCI used standard nonretum·to·zero 
(NAZ) format (one start bit, eight or nine data bits and one 
stop bit). The most common data format is 8-bits. An on
chip dedicated 8-bit baud rat.e generator can be used to 
derive standard baud rate frequencies from the oscilla
tor. The SCl's transmitter and receiver are functionally 
independent but use the same data format and baud 
rate. The baud rate generator produces a clock either 
16x or 64x of the bit shift rate, depending on the BRGH 
(TXSTA<2>) bit. Parity is not supported by the hardware, 
but can be implemented in software (and stored as the 
ninth data bit). Asynchronous mode is stopped during 
SLEEP. 

The asynchronous mode is selected by resetting the 
SYNC bit (TXSTA<4>). 

The SCI Asynchronous module consists of the following 
important elements: 

• Baud Rate Generator 

• Sampling Circuit 

• Asynchronous Transmitter 

• Asynchronous Receiver 

12.2.2 SCI ASYNCHRONOUS TRANSMITTER 

The SCI transmitter block diagram is shown in 
Figure 12-6. The heart of the transmitter is the transmit 
(serial) shift register (TSR). The shift register obtains its 
data from the read/write transmit buffer (TXREG). The 
TXREG is loaded with data in software. The TSR is not 
loaded until the stop bit has been transmitted from the 
previous load. As soon as the stop bit is transmitted, the 
TSR is loaded with new data from the TXREG (if avail
able). Once the TXREG transfers the data to the 

PIC16C74 

TSR(occurs in one Tcy), the TXREG is empty and a 
interrupt bit, TXIF (PIR1 <4>) is set. This interrupt can be 
enabled or disabled by the TXIE bit ( PIE1<4>). TXIF 
will be set regardless of TXIE and cannot be reset in 
software. It will reset only when new data is loaded into 
the TXREG. While TXIF indicated the status of the 
TXREG, another bitTRMT(TXSTA<1>) shows the sta
tus of the TSR. TRMT is a read only bit which is set when 
the TSR is empty. No interrupt logic is tied to this bit, so 
the user has to poll this bit in order to determine if the 
TSR is empty. 

Transmission is enabled by setting the TXEN 
(TXSTA<5>) bit. The actual transmission will not occur 
until the TXREG has been loaded with data and the 
baud rate generator (BAG) has produced a shift clock 
(Figure 12-6). The transmission can also be started by 
first loading the TXREG and then setting TXEN. Nor
mally when transmission is first started, the TSR is 
empty, so a transfer to TXREG will result in an immedi
ate transfer to TSR resulting in an empty TXREG. A 
back-to-back transfer is thus possible (Figure 12-8). 
Clearing TXEN during a transmission, will cause the 
transmission to be aborted and will reset the transmitter 
as a result the TX pin will revert to hi-impedance. 

In order to select 9-bit transmission, the TX8/9 
(TXSTA<6>) bit should be set and the ninth bit should 
be written to the TXD8(TXSTA<0>). The ninth bit must 
be written before writing the 8-bit data to the TXREG. 
This is because a data write to the TXREG can result in 
an immediate transfer of the data to the TSR (if the TSR 
is empty). In such a case, an incorrect ninth data bit 
maybe loaded in the TSR. 

FIGURE 12-6: BLOCK DIAGRAM FOR SCI TRANSMIT 

TXEN BAUD RATE CU< 

-------------1 
' 

' : SPBRG 
' 
~--------------------J 
BAUD RATE GENERATOR 

C 1994 Microchip Technology Inc. 

DATA BUS 

TX REG 

8 

0 

' ____________ ]_!;_~--------------------~ 
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Steps to follow when setting up a Asynchronous Trans
mission: 

• Initialize the SPBRG register for the appropriate 
baud rate. If a high speed baud rate is desired, 
set BRGH to 1. See Section 12.1 for details. 

• Enable the asynchronous serial port by configur
ing the bits SYNC = 0 and SPEN = 1. 

• Make sure CREN=SREN=O (these bits override 
transmission when set to 1 ). 

• If interrupts are desired, then the TXIE bit should 
beset. 

• If 9-bit transmission is desired, then TX819 bit 
should be set. 

• Enable the transmission by setting TXEN. 

• If 9-bit transmission is selected, the ninth bit 
should be loaded in TXD8. 

• Load data to the TXREG (starts transmission). 

FIGURE 12-7: ASYNCHRONOUS MASTER TRANSMISSION 

WritetoTXREG ----cc~!----------------~ 1--------------
BRGoutput 
(shift clock) 

TX (pin) ---~~ 
StartBil ~ 8111 x::::J~ STOPBIT 

WORD1 

TBMTbit 
(Transmh buffer ----lr---------------1 \------+--------
reg. empty flag) 

TRMTbit 

+ 
WORD1 -

Transmtt Shift Reg 

(Transmh shift ---~ 
reg. empty flag) ~--------------\ 

FIGURE 12-8: ASYNCHRONOUS MASTER TRANSMISSION (BACK TO BACK) 

WritetolXREG ------.,, 

BRG output 
(shift clock) 

TX (pin) ------->. StartBil BilO Bil 1 START BIT BtO 

lBMT~ 'j;;;j~:::::::_.:::::==:::::::_~=wWORDOROl1°':.::..~=:_=-~:_:_=-~'.'::_~:::_~====~~~wo~R~D2~-=-=-=-=-=-= 
Onterrupt reg. 

flag) 

TRMTbil T=~~~ 
(Transmit shift -----~ 

reg. 
empty flag) 

Note: This timing diagram shows two consecutive transmissions 

t WORD2-
Transmit Shift Reg 

TABLE 12-6: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION: 

Address Name 

OxOC PIR1 

Ox18 RCSTA 

Ox19 TX REG 

OXBC PIE1 

Ox98 TXSTA 

Ox99 SPBRG 
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12.2.2 SCI ASYNCHRONOUS RECEIVER 

The receiver block diagram is shown in Figure 12-9. The 
data comes in the RX pin and drives the data recovery 
block. The data recovery block is actually a high speed 
shifter operating at 16 times the baud rate, whereas the 
main receive serial shifter operates at the bit rate or at 
Fosc. 

Once the asynchronous mode is selected, reception is 
enabled by setting the CREN(RCSTA<4> to 1. 

The heart of the receiver is the receive (serial) shift 
register (RSA). After sampling the stop bit, the received 
data in the RSA is transferred to the RCREG (if it is 
empty). If the transfer is complete, the interrupt bit RCIF 
(PIR1 <5>) is set. The actual interrupt can be enabled or 
disabled by the RCIE(PIE1 <5>) bit. The RCIF is a read 
only bit which is reset by the hardware. In this case it is 
cleared when the RCREG has been read and is empty. 

FIGURE 12-9: BLOCK DIAGRAM FOR SCI RECEIVE 

RX 

64X/16X BAUD RATE CLK ---------------------· ' ' 
' ' 

! I SPBRG ~ 
~--------------------~ 
BAUD RATE GENERATOR 

PIN BUFFER 
AND CONTROL 

SPEN 

DATA 
RECOVERY 

INTERRUPT 

FIGURE 12-10: ASYNCHRONOUS RECEPTION 
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The RCREG is a double buffered register, i.e. it is a two 
deep FIFO. It is possible for two bytes of data to be 
received and transferred to the RC REG FIFO and a third 
byte begin shifting to the RSA. On the detection of the 
stop bit of thethird byte, if the RCREG is still full then the 
overrun error bit, OERR (RCSTA<1>) will be set. The 
word in the RSA will be lost. The RCREG can be read 
twice to retrieve the two bytes in the FIFO. The OERR 
bit has to be cleared in software and this is done by 
resetting the receive logic ( CREN is set). If the OERR is 
set, transfers from the RSA to the RC REG are inhibited, 
so it is essential to OERR is set. The framing error bit 
FERR(RCSTA<2>) is set if a stop bit is detected as ao. 
The FERR and the 9th receive bit are buffered the same 
way as the receive data. Reading the RCREG, will load 
the RCDS and the FERR with new values, therefore it is 
essential for the user to read the RCS TA register before 
reading RCREG in order not to lose the old FERR and 
RCDS information. 

RCREG 
1---1--------j FIFO 

8 

DATA BUS 

:~ ________ __., ,_ ____ n\--------'~) ..... ____ n'-1 ___ __. 
A~ .. «•og !.!,..,, WOAOO 

:RCREQ RCREG 

-~ ~ .._.., 
(RCSTA) , 

ABFLbl ------\\_ _ _J---->r------4 : 
(lnlenuptflag) 

OEAAbt ~ CA€N ------------..\------------'11-------------\\T--------l_ 
Note: This timing diagram shows three words appear on RX input. The RCREG (Receive buffer) is read after the third word, therefore 

causing the OERR (overrun) bit to set. 
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Steps to follow when setting up a Asynchronous Recep
tion: 

• Initialize the SPBRG register for the appropriate 
baud rate. If a high speed baud rate is desired, 
set BRGH. See Section 12.1 for details. 

• Enable the asynchronous serial port by configur
ing the SYNC = 0 and SPEN = 1. 

• If interrupts are desired, then the RXIE bit should 
beset. 

• If 9-bit reception is desired, then RXB/9-bit should 
be set. 

• Enable the reception by setting CREN. 

• The RCIF bit will be set when reception is com
plete and an interrupt will be . generated if the 
RCIE bit were set. 

• Read the RCSTA to get the ninth bil(if enabled) 
and determine if any error occurred during re
ception. 

• Read the 8-bit received data by reading the 
RCREG. 

• If any error occurred, clear the error by clearing 
CREN. 

TABLE 12·7: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION 

Address Name 

OxOC PIR1 

Ox18 RCSTA 

Ox19 RCREG 

Ox8C PIE1 

Ox98 TXSTA 

Ox99 SPBRG 
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12.3 SCI Synchronous Master Mode 

In Master Synchronous mode the data is transmitted in 
a half-duplex manner i.e. transmission and reception do 
not occur at the same time, when transmitting data, the 
reception is inhibited and visa versa. The synchronous 
mode is entered by setting the SYNC(TXSTA<4>) bit. In 
addition the SPEN(RCSTA<7>) bit is set in order to 
configure the RC6 and RC7 1/0 ports to CK(clock) and 
OT( data) lines respectively. The Master mode indicates 
that the processor transmits the master clock on the CK 
line. The Master mode is entered by setting the 
CSRC(TXSTA<7>) bit. 

12.3.1 SCI SYNCHRONOUS MASTER 
TRANSMISSION 

The SCI transmitter block diagram is shown in 
Figure 12-6. The heart of the transmitter is the transmit 
(serial) shift register (TSR). The shift register obtains its 
data from the read/write transmit buffer TXREG. The 
TXREG is loaded with data in software. The TSR is not 
loaded until the last bit has been transmitted from the 
previous load. As soon as the last bit is transmitted, the 
TSR is loaded with new data from the TXREG (if avail
able). Once the TXREG transfers the data to the 
TSR(occurs in one Tcycle), the TXREG is empty and a 
interrupt bit, TXI F (Pl R1 <4>) is set. This interrupt can be 
enabled or disabled by the TXIE bit ( PIE 1 <4> ). TXIF will 
be set regardless of TXIE and cannot be cleared in 
software. It will reset only when new data is loaded into 
the TXREG. While TXIF indicated the status of the 
TXREG, another bit TRMT(TXSTA<1>) shows the sta
tus of the TSR. TRMT is a read only bit which is set when 
the TSR is empty. No interrupt logic is tied to this bit, so 
the user has to poll this bit in order to determine if the 
TSR is empty. The TSR is not mapped in data memory 
so it is not available to the user. 
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Transmission is enabled by setting the TXEN 
(TXSTA<5>) bit. The actual transmission will not occur 
until the TXREG has been loaded with data. The first 
data bit will be shifted out on the next available rising 
edge of the clock on CK. Data out is stable around the 
falling edge of the synchronous clock (Figure 12-1 ). The 
transmission can also be started by first loading the 
TXREG and then setting TXEN. This is advantageous 
when slow baud rates are selected, since the BAG is 
kept in reset when TXEN=CREN=SREN = 0. Setting the 
TXEN bit will start the BAG, creating a shift clock 
immediately. Normally when transmission is first started, • 
the TSR is empty, so a transfer to TXREG will result in 
an immediate transfer to TSR resulting in an empty 
TXREG. Back-to-back transfers are possible. 

Clearing TXEN during a transmission, will cause the 
transmission to be aborted and will resetthe transmitter. 
The OT and CK pins will revert to hi-impedance. If either 
GREN or SREN are set, during a transmission, the 
transmission is aborted and the OT pin reverts to a hi
impedance state (for a reception). The CK pin will remain 
an output if CSRC=1(intemal clock). The transmitter 
logic however is not reset although it is disconnected 
from the pins. In order to reset the transmitter, the user 
has to clear TXEN. If the SREN bit is set (to interrupt an 
on going transmission and receive a single word), then 
after the single word is received, the SREN will = 0 and 
the serial port will revert back to transmitting since the 
TXEN bit is still set. The OT line will immediately switch 
from hi-impedance receive mode to transmit and start 
driving. To avoid this, TXEN should be cleared. 
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In order to select 9-bit transmission, the TX8/9 
(TXSTA<6>) bit should be set and the ninth bit should be 
written to the TXD8(TXSTA<0>). The ninth bit must be 
written before writing the 8-bit data to the TXREG. This 
is because a data write to the TXREG can result in an 
immediate transfer of the data to the TSR (if the TSR is 
empty). If the TSR was empty and the TXREG was 
written before writing the 'new' TXD8, the "present' 
value of TXD8 is loaded. 

Steps to follow when setting up a Synchronous Master 
Transmission: 

• Initialize the SPBRG register for the appropriate 
baud rate (see Section 12.1 for details) 

• Enable the synchronous master serial port by 
configuring the bits SYNC = 1, SPEN = 1 and 
CSRC= 1. 

• If interrupts are desired, then the TXI E bit should 
beset. 

• If 9-bit transmission is desired, then TX8/9-bit 
should be set. 

• Enable the transmission by setting TXEN to 1. 

• If 9-bit transmission is selected, the ninth bit 
should be loaded in TXD8. 

• Start transmission by loading data to the TXREG. 

TABLE 12-8: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER TRANSMISSION: 

Address Name 

OxOC PIR1 

Ox18 RCSTA 

Ox19 TXREG 

Ox8C PIE1 

Ox98 TXSTA 

Ox99 SPBRG 

FIGURE 12-11: SYNCHRONOUS TRANSMISSION 

0 ' l02J03J04: 0 ' 1"'1"'104 :0 ' l02J03J04 :a• J02J03J04 :a• l02J03J04J J03J04 : 0 ' l02J03J04: 0 ' l"'i"'I"': 0 ' i"'l"'I"': 0 ' l02J03 J"'I 0 ' 1"'1"'1"':0 ' i"'l"'i"': 
I i I I DT~n----,-..;.---._/"7"~--..,..,---=c-~--,-==--..,-<r--'r-=7""".._,.--=~70--.-,_,~-..,-c-----.,-t"~ 

CKpln ___ 
1 ~lf--~ ~ 
I I I 

Write to 

~ReG_____rj~-+--~-~r-1~--~--45>-----~--~--~--~r----~I 
Write word1 Write word 2 

TBMT ;~ 1 

(lnterruptflag) ~ f-1 --~---151---~-~ 
I I 

TRMT ~---+---+--~---1r-~f---~---+---+--~~ 
I I 

T I ~ 
T~N--~--~-----~---;r----~--~-----~>-----

Note: Sync master mode; BRG = o. conunuous transmission of two e bit words 

FIGURE 12-12: SYNCHRONOUS TRANSMISSION (THROUGH TX.EN) 
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CKpin~~ 

Write to 
TX REG 

TBMTbit 

TRMTbit 

I 
~~~~~~--151--~~~---.~~ 

I 
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12.3.2 SCI SYNCHRONOUS MASTER RECEPTION 

Once the synchronous mode is selected, reception is 
enabled by setting either the SREN(RCST A<5>) bit or 
the CREN(RCSTA<4>). Data is sampled on the OT pin 
on the falling edge of the clock. If SREN is set, then only 
a single word is received, if CREN is set, the reception 
is continuous until CREN is reset. If both the bit are set 
then CREN takes precedence. After clocking the last bit, 
the received data in the Receive Shift Register(RSR) is 
transferred to the RCREG (if it is empty). If the transfer 
is complete, the interrupt bit RCIF (PIR1<5>) is set. The 
actual interrupt can be enabled or disabled by the 
RCIE(PIE1 <5>) bit. The RCIF is a read only bit which is 
reset by the hardware. In this case it is reset when the 
RCREG has been read and is empty. The RCREG is a 
double buffered register, i.e. it is a two deep FIFO. It is 
possible for two bytes of data to be received and trans
ferred to the RC REG FIFO and a third byte begin shifting 
to the RSR. On the clocking of the last bit of the third 
byte, if the RCREG is still full then the overrun error bit, 
OERR (RCSTA<1>) is set. The word in the RSA will be 
lost. The RCREG can be read twice to retrieve the two 
bytes in the FIFO. The OERR bit has to be cleared in 
software and this is done by clearing CREN. If the OERR 
is set, transfers from the RSA to the RCREG are 
inhibited, so it is essential to clear the OERR if set. The 
9th receive bit is buffered the same way as the receive 
data. Reading the RCREG, will load the RCDS with a 
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new value, therefore it is essential for the user to read the 
RCSTA register before reading RCREG in order not to 
lose the old RCDS information. 

Steps to follow when setting up a Synchronous Master 
Reception: 

• Initialize the SPBRG register for the appropriate 
baud rate. See section 12.1 for details. 

• Enable the synchronous master serial port by 
configuring the bits SYNC = 1, SPEN = 1 and 
CSRC= 1. 

• If interrupts are desired, then the RXIE bit should 
be set. 

• If 9-bit reception is desired, then RXS/9-bit should 
be set. 

• If a single reception is required, set SREN. For 
continuous reception set CREN. 

• The RCIF bit will be set when reception is com
plete and an interrupt will be generated if the 
RCIE bit were set. 

• Read the RCSTA to get the ninth bit(if enabled) 
and determine if any error occurred during re
ception. 

• Read the 8-bit received data by reading the 
RCREG. 

• If any error occurred, clear the error by clearing 
CREN. 

TABLE 12-9: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER RECEPTION: 

Address Name 

OxOC PIR1 

Ox18 RCSTA 

Ox19 PCREG 

Ox8C PIE1 

Ox98 TXSTA 

Ox99 SPBRG 

FIGURE 12-13: SYNCHRONOUS RECEPTION (MASTER MODE, SREN) 

CKpin_~--~ 

Write to 
SRENbit 

SRENbit 

CRENblt _·o~·~---~--~---,...-----,----~---~--~--~---.,-----·0-,· I 
I 

~~bit i I (interrupt) --.,---.,----r---r----r-----r----r----.,-----r--' ~ 

Read ---<---+-----+--_,r----t----+---+----+----+---r:~ 1 
RXREG 

Note: Timing diagram demonstrates SYNC master mode with SREN = 1 and BRG = 0. 
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12.4 SCI Synchronous Slave Mode 

The synchronous slave mode differs from the master 
mode in the fact that the shift clock is supplied externally 
at the CK pin (instead of being supplied internally in the 
master mode). This allows the device to transfer or 
receive data in the SLEEP mode. The slave mode is 
entered by clearing the CSRC(TXSTA<7>) bit. 

12.4.1 SCI SYNCHRONOUS SLAVE TRANSMIT 

The operation of the sync master and slave modes are 
identical except in the case of the SLEEP mode. 

If two words are written to the TXREG and then the 
SLEEP instruction executed, the following will occur. 
The first word will immediately transfer to the TSR and 
transmit. The second word will remain in TXREG. The 
TXIF will not be set. When the first word has been shifted 
out of TSR, the TXREG will transfer the second word to 
the TSR and the TXIF flag will now be set. If the TXIE is 
enabled, the interrupt will wake the chip from SLEEP and 
if the global interrupt is enabled, then the program will 
branch to the interrupt vector (0004h). 

Steps to follow when setting up a Synchronous Slave 
Transmission: 

• Enable the synchronous slave serial port by 
configuring the bits SYNC = 1, SPEN = 1 and 
CSRC=O. 

• Make CREN = 0 
• If interrupts are desired, then the TXI E bit should 

beset. 
• If 9-bit transmission is desired, then TX8/9-bit 

should be set. 
• Enable the transmission by setting TXEN to 1. 
• If 9-bit transmission is selected, the ninth bit 

should be loaded in TXDB. 
• Start transmission by loading data to the TXREG. 

12.4.2 SCI SYNCHRONOUS SLAVE RECEPTION 

The operation of the synchronous master and slave 
modes is identical except in the case of the SLEEP 
mode. Also, SREN is a don't care in slave mode. 

If receive is enabled (CREN) prior to the SLEEP instruc
tion, then a word may be received during SLEEP. On 
completely receiving the word, the RSA will transfer the 
data to the RCREG and if the RCI E bit is set, the interrupt 
generated will wake the chip from SLEEP. If the global 
interrupt is enabled, the program will branch to the 
interrupt vector (0004h). 

Steps to follow when setting up a Synchronous Slave 
Reception: 

• Enable the synchronous master serial port by 
configuring the bits SYNC = 1, SPEN = 1 and 
CSRC=O. 

• If interrupts are desired, then the RCIE bit should 
beset. 

• lf9-bit reception is desired, then RX8/9-bit should 
beset. 

• To enable reception, set CREN = 1. 
• The RCIF bit will be set when reception is com

plete and an interrupt will be generated if the 
RCIE bit were set. 

• Read the RCSTA to get the ninth bit(if enabled) 
and determine if any error occurred during re
ception. 

• Read the 8-bit received data by reading the 
RCREG. 

• If any error occurred, clear the error by clearing 
CREN. 

TABLE 12-10: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER TRANSMISSION 

Address Name 

OxOC PIR1 

Ox18 RCSTA 

Ox19 TX REG 

OxBC PIE1 

Ox98 TXSTA 

Ox99 SPBRG 

TABLE 12-11: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE RECEPTION 

Address Name 

OxOC PIR1 

Ox18 RCSTA 

Ox19 RC REG 

Ox BC PIE1 

Ox98 TXSTA 

Ox99 SPBRG 
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13.0 ANALOG TO DIGITAL 
CONVERTER MODULE (AID) 

Analog-to-Digital Converter (AID) 
Module 
The analog-to-digital converter (AID) allows conversion 
of an analog input signal to a corresponding 8-bit digital 
number. The AID module has eight analog inputs, which 
are multiplexed into one sample and hold. The output of 
the sample and hold is the input into the converter, which 
generates the result via successive approximation. The 
analog reference voltage is software selectable to either 
the device's positive supply voltage (V 00) or the voltage 
level on the RA3/ AN3/VREF pin. The AID converter has 
a unique feature of being able to operate while the 
device is in SLEEP mode. 
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The AID module has three registers. These registers 
are: 

• AID result register (ADRES) 

• AID control register O (ADCONO) 

• AID control register 1 (ADCON1) 

The ADCONO register, shown in Figure 13-1, controls 
the operation of the AID module. The ADCON1 register, 
shown in Figure 13-2, configures the functions of the port 
pins. The port pins can be configured as analog inputs 
(RA3 can also be a voltage reference) or as digital 1/0 . 

FIGURE 13-1: AID CONTROL REGISTER 0 (ADCONO) 

R/W R/W R/W R/W R/W R/W u 

l ADCs1J ADCSO l CHs2 J CHs1J CHSO l GO/DONE l 
7 

R/W 

- l ADON J Address: 1 Fh 
Reset value: OOh 

R/W: Readable & 
writable 

bitO R: Read only 
U: Unused, 

reads as'O' 

~ ADON: AID on bit 
1 AID converter module is operating. 
O = AID converter module is shut off and 

consumes no operating current. 

Reserved. 

GO/DONE: AID conversion status bit. 
If ADON=1 
1 AID conversion is progress. Setting this 

bit starts an AID conversion. 
0 AID conversion not in progress I 

completed. This bit is automatically 
cleared by hardware when the AID 
conversion is completed. 

lfADON=O 
This bit is forced to zero. 

CHS <2:0>: Analog channel select. 
000 = channel 0 (RAO/AINO) 
001 = channel 1 (RA1/AIN1) 
01 O = channel 2 (RA2/AIN2) 
011 = channel 3 (RA3/AIN3) 
000 = channel 4 (RA5/AIN4) 
001 = channel 5 (REO/AINS) 
010 = channel 6 (RE1/AIN6) 
111 = channel 7 (RE2/AIN7) 

ADCS<1 :O>: AID conversion clock select. 
00= fosc/2 
01 = fosc/8 
10 = fosc/32 
11 =I Re (clock is derived from an RC oscillator) 
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FIGURE 13·2: AID CONTROL REGISTER 1 (ADCON1) 

u u u u u R/W R/W R/W 

[ - l - l - - l - l PCFG2 PCFG1J PCFGO Address: 9Fh R!W: Readable & 
Reset value: OOh writable 

bitO R: Read only 
U: Unused, 

reads as'O' 

PCFG<2:0>: AID port configuration bits. 
These bits configure the analog port pins to 
the various modes of operation. 

PCFG <2:0> RAO RA1 RA2 RAS RA3 REO RE1 RE2 Ref 

000 A A A A A A A A Voo 

001 A A A A VAEF A A A RA3 

010 A A A A A D D D Voo 

011 A A A A VAEF D D D RA3 

100 A A D D A D D D Voo 

101 A A D D VAEF D D D RA3 

11X D D D D D D D D 

A = Analog input 
D = Digital input/output depending on corresponding TRIS bit 
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The ADRES register contains the result of the AID 
conversion. When the AID conversion is completed, the 
result is loaded into the ADRES, the GO/DONE bit 
(ADCON0<2>) is cleared, and the AID interrupt flag 
(ADIF) is set. The block diagram. of the AID module is 
shown in Figure 13-3. 

After the AID module has been configured as desired, 
the selected channel must be sampled before the con
version is started. The analog input channels must have 
their corresponding TRIS bits selected as an input. The 
AID bit sample time is defined as T... To determine 
sample time see Section 13.1. After this sample time has 
elapsed the AID conversion can be started. The follow
ing steps should be followed for doing an AID conver
sion: 

FIGURE 13-3: AID BLOCK DIAGRAM 

Vin 

(Input voltage) 

AID 
Converter 

Voo 

PIC16C74 

1. Configure the AID module 

• Configure analog pins I voltage reference I 
and digital 1/0 (ADCON1<2:0>) 

• Select AID input channel (ADCON0<5:3>) 

• Select AID conversion clock (ADCON<7:6>) 

• Tum on AID module (ADCON<O>) 

2. Configure AID interrupt (if required) 

• Clear ADIF bit (PIR1<6>) 

• Set ADIE bit (PIE1<6>) 

• Set GIE bit (INTCON<7> 

3. Ensure required sampling time 

4. Start conversion 

• Set GO/DONE bit (ADCON0<2>) 

5. Wait for AID conversion to complete, by either: 

• Polling for the GO/DONE bit to be cleared 

• Waiting for the AID interrupt 

6. Read AID Result register (ADRES), clear ADIF if 
required. 

7. For next conversion, go to step 1 or step 2 as 
required. A minimum wait of 2T .. is required before 
next sampling starts. 

CSH<2:0> 
____ _l_l_I_ ___ _ 

I I 

~RE2/AIN7 
I 

~RE1/AIN6 
I 

~REO/AIN5 
I 

~RAO/AINO 
I 

~RA1/AIN1 
I 

......._____c>1_____K71 
~RA2/AIN2 

I 
011 I 

RA3/AIN3/VREF 

:----J:m~~ 
1----V_••-'--...,' ~ : 100 

100 
RA5/AIN4 

Input channel mux 

(Reference : ,,_ 001 or 
voltage) , ,_ -rn- J ?ri1 or 

PCFG<2:0> 
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13.1 Sampling Regyirements 

For the AID converter to meet its specified accuracy, the 
charge holding capacitor (C"°"') must be allowed to fully 
charge to the input channel voltage level. The analog 
input model is shown in Figure 13-4. The source imped
ance (R8 ) and the internal sampling switch (R68) 

impedance directly affect the time required to charge the 
capacitor C0..,. The sampling switch (R .. ) impedance 
varies over the device voltage (Vdd), see Figure 13-4. 
The maximum recommended impedance for analog 
sources is 10-K.U After the analog input channel is 
selected (changed) this sampling time must be done 
before the conversion is started. 

To calculate the minimum sampling time, Equation 
13-1 may be used. This equation assumes that 1/2 lsb 
error is used (512 steps for the AID). The 1/2 lsb error 
is the maximum error allowed for the AID to meet its 
specified resolution. 

EQUATION 13-1: AID SAMPLING TIME 
EQUATION 

VAEF = (VREF - VRE,1512) • (1 -e (-1/C""" (R,c +Ass+ RJ) 

or 

t = -51.2 pF (2-K.Q + Rs) In (1/511) 

Example 13-1 shows the calculation of the minimum 
required sample time. This calculation is based on the 
following system assumptions: 

Rs= 10-Kn 
1/2 LSB error 
Vdd = 5-V ~Ass= 7-K.Q 
Temp (system Max.)= 50°C 

FIGURE 13.4: ANALOG INPUT MODEL 

I Legend Cpin 

VT 

=input capacitance 
= threshold voltage 

EXAMPLE 13-1: CALCULATING THE 
MINIMUM REQUIRED 
SAMPLE TIME 

Sampling Time Amplifier Settling Time 
+ Holding Capacitor Charging Time 
+ Temperature Coefficient t 

5µs + t + [(Temp - 25°C) 
(0.05µs/°C)]t 
-C- (R,c + R88 +Rs) In (1/511) 

-51.2 pF (8-K.Q + 10-K.Q) In (0.0020) 
-51.2 pF (18-Kn) In (-0.0020) 
-0.921µs (-6.2364) 
5.724µs 

Sampling Time 5µs + 5.724µs + [(50°C - 25°C) 
(0.05µs I 0 C)] 

= 1o.724µs + 1.25µs 
= 11.974µs 

t The temperature coefficient is only required for 
temperatures > 25°C. 

Chold 

= DAC capacitance 

51.2 pF 

Vss 

lleakage = leakage current at the pin due to various junctions 

6V 
5V 

Voo 4V 

3V 
2V 
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Ric 

SS 
Ch old 

= interconnect resistance 

= sampling switch 
= sample/hold capacitance (from DAC) 

IP~®~imilill~~y 
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567891011 
Sampling Switch 

(K-) 
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13.2 Selecting the Conversion Clock 

The AID conversion requires 10 r ••. The source of the 
AID conversion clock is software selected. The four 
possible options for r •• are: 

• 2Tosc 

• arose 
• 32T0 sc 

• Internal RC oscillator 

For correct AID conversions, the AID conversion clock 
(T.0) must be selected to ensure a minimum T.0 time of 
1.6 us. Table 13-1 shows the resultant T ••times derived 
from the device operating frequencies and the AID clock 
source selected. 

PIC16C74 

13.3 Configuring Analog Port Pins 

The use of the ADCON 1, TRISA, and TRISE registers 
control the operation of the AID port pins. The port pins 
that are desired as analog inputs must have their corre
sponding TRIS bit set (input). If the TRIS bit is cleared 
(output), the digital output level (VOH or VOL) will be the 
converted. 

The AID operation is independent of the state of the 
CS<2:0> bits and the TRIS bits. 

TABLE 13-1: TAD VS. DEVICE OPERATING FREQUENCIES 

AD Clock Source (T 811) 

Operation ADCS1 :ADCSO 

2Tosc 00 

a Tosc 01 

32 Tosc 10 

RC 11 

•The RC source has a typical r •• time of 4 us. 

§These values violate the minimum required r •• time. 

• For faster conversion times, the selection of another clock source is recommended. 
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13.4 AID Conversions 

Example 13-2 shows how to perform an AID conversion. 
The. RAO, RA 1, and RA3 pins are configured as analog 
inputs. The analog reference (V REF) is the device V 00• 

The RA2, RAS, RE<2:0> pins are configured as digital 
1/0. The AID interrupt is enabled, and the AID conver
sion clock is T RC" The conversion is performed on the 
RAO channel. 

EXAMPLE 13-2: DOING AN AID 
CONVERSION 

BSF STATUS, RPO ; Select Page l 

MOVLW Ox04 ; Configure A/D Inputs 

MJl/WF ADCONl 

BSF PIEl, ADIE ; Enable A/D interrupts 

BCF STATUS, RPO ; Select Page 0 

MOVLW OxCl ; RC clock, A/D is on, 
; Ch 0 is selected 

MJl/WF ADCONO 

BCF PIRl, ADIF ; Clear A/D Int Flag 

BSF INTCON, PEIE ; Enable Peripheral 
; Interrupts 

BSF INTCON, GIE ; Enable All Interrupts 

; Ensure that the required sampling time for the 

; selected input channel has lasped. Then the 

; conversion may be started. 

BSF ADCONO, GO ; Start A/D Conversion 

The ADIF bit will be 
set and theGO/DONE bit 
cleared upon comple
tion of the A/D con
version. 

Clearing the GO/DONE bit during a conversion will abort 
the current conversion. The ADRES will NOT be up
datedwith the partially completed AID conversion sample. 
That is the ADRES will continue to contain the value of 
the last completed conversion (or the last value written 
to the ADRES register). After the AID conversion is 
aborted, the 2T00 wait is required before the next sam
pling is started. After this 2T ad wait, sampling is automati
cally started on the selected channel. 

13.4.1 FASTER CONVERSION - LOWER 
RESOLUTION TRADEOFF 

Not all applications require a result with 8-bits of resolu
tion, but may instead require a faster conversion time. 
The AID module allows users to make the trade off of 
conversion speed to resolution. Regardless of the reso
lution required, the sampling time is the same. To speed 
up the conversion, the clock source of the AID module 
may be switched so that the Tad time violates the mini
mum specified time (see specification# 120). Once the 
T00 time violates the minimum specified time, all the 
following AID result bits are not valid (see AID Conver
sion Timing in the Electrical Specifications section.) The 
clock sources may only be switched between the three 
oscillator versions (cannot be switched from/to RC). The 
equation to determine the time before the oscillator can 
be switched is as follows: 

Conversion time = 2T •• + N Tad + (8 - N)(2 T oscl 
Where: N = number of bits of resolution required 

Since the Tad is based from the device oscillator, the user 
must use some method (a timer, software loop, etc) to 
determine when the AID oscillator may be changed. 
Example 13-2 shows a comparison of time required for 
a conversion with 4-bits of resolution, verses the 8-bit 
resolution conversion. The example is for a device 
operating at 20 MHz (The AID clock is programmed for 
32 Tosc), and assumes that immediately after 6 T ... the 
AID clock is programmed for 2T osc· 
The 2 Tosc violates the T00 time of 1.6 µs, since the last 
4-bits will not be converted to correct values. 

EXAMPLE 13-2: 4-BIT VS. 8-BIT 
CONVERSION TIMES 
(AT20 MHz). 

Resolution 

4-bit 8-blt 

Tad 1.6 µs 1.6 µs 

TOSC sons sons 

2Tad+NTad+(8-N)(2Tosc) 10 µs 16 µs 
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13.5 Use of the CCP2 Trigger 

An AID conversion can be started by the "special event 
trigger" of the CCP2 module. This requires that the 
CCP2M<3:0> bits (CCP2CON<3:0>) be programmed 
as 1011 band that the AID module is enabled (ADON is 
set). When the trigger occurs, the GO/DONE bit will be 
set to start the AID conversion and the Timer 1 counter 
will be reset to zero. Timer 1 is reset to automatically 
repeat the AID sampling period, with minimal software 
overhead (moving the ADRES to the desired location). 
The appropriate analog input channel must be selected 
and the minimum sampling done before the "special 
event trigger" sets the GO/DONE bit (starts a conver
sion). 

If the AID module is not enabled (ADON is cleared), then 
the "special event trigger" will be ignored by the AID 
module, but will still reset the Timer 1 counter. 

13.6 Operation During Sleep 

The AID module can operate during SLEEP mode. This 
requires that the AID clock source be set to RC 
(ADCS<1 :0> = 11b). When the RC clock source is 
selected the AID module waits one instruction cycle 
before starting the conversion. This allows the SLEEP 
instruction to be executed, which eliminates all digital 
switching noise from the conversion. When the conver
sion is completed the GO/DONE bit will be cleared, and 
the result loaded into the ADRES register. If the AID 
interrupt is enabled, the device will wake-up from SLEEP. 
If the AID interrupt is not enabled, the AID module will 
remain be turned off, though the ADON bit will remain 
set. 

When the AID clock source is another clock option (not 
RC), a SLEEP instruction will cause the present conver
sion to be aborted and the AID module to be turned off, 
though the ADON bit will remain set. 

Turning off the AID places the AID module in its lowest 
current consumption state. 

PIC16C74 

13.7 AID Accuracy/Error 

The overall accuracy of the AID is less than ± 1 LSB for 
V DD= 5 V ± 10% and the analog V REF = V DD" This overall 
accuracy includes offset error, full scale error, and 
integral error. The AID converter is guaranteed to be 
monotonic. The resolution and accuracy may be less 
when either the analog reference (V 00) is less then 5.0V 
or when the analog reference (V REF) is less then V DD" 

The maximum pin leakage current is± 5 µa. 

In systems where the device frequency is low, use of the 
AID clock derived from the device oscillator is preferred. 
This is because T••' when derived from T 0sc is kept away 
from on-chip phase clock transitions. This reduces, to a 
large extent, the effects of digital switching noise. This is 
not possible with the RC derived clock. The loss of 
accuracy due to digital switching noise can be significant 
if many 1/0 pins are active. 

In systems where the device will enter SLEEP mode 
after the start of the AID conversion, the RC clock source 
selection is required. In this mode, the digital noise from 
the modules in SLEEP are stopped. This method gives 
the highest accuracy. 

13.8 Effects of a RESET 

A device reset forces all register to their reset state. This 
forces the AID module to be turned off, and any conver
sion is aborted. The value that is in the ADRES register 
is not modified for a power-on reset. The ADRES regis
ter will contain unknown data after a power-up reset. 
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13.9 Connection Considerations 

Since the analog inputs employ ESD protection, they 
have reversed biased diodes to V DO and V 88• This re
quires that the analog input must be between V DO and 
V ss· If the input voltage exceeds this range by .greater 
than 0.6V (either direction), one of the diodes is forward 
biased and it may damage the device if the input current 
specification is exceeded. 

An external RC filter is sometimes added for anti-aliasing 
of the input signal. The A component should be selected 
to ensure that the total source impedance is kept under 
the 1 o K recommended specification. Any external com
ponents connected (via high impedance) to an analog 
input pin (capacitor, zener diode, etc.) should have very 
little leakage current at the pin. 

13.10 Transfer Function 

The ideal transfer function of the AID converter is as 
follows: The first transition occurs when the analog input 
voltage (V.,N) is 1 LSB (or Analog VREF / 256). This is 
shown in Figure 13-5. 

FIGURE 13.5 - AID TRANSFER FUNCTION 
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I 

~I ~~ ~ 
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FIGURE 13.6 - FLOWCHART OF AID OPERATION 

ADON=O 

~ 
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PIC16C74 

00=0 r-~~~~~~~~ 

ADIF=1 
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00=0 Wait2Tad 
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FIGURE 13.7 - SUMMARY OF AID REGISTERS 

Address Name 

OB/BB INTCON 

oc PIR1 

BC PIE1 

OD PIR2 

BD PIE2 

1E AD RES AID Result Register 

1F ADCONO ADCS1 ADCSO CHS2 CHS1 CHSO GO/DONE ADON 

BF ADCON1 PCFG2 PCFG1 PCFGO 

05 PORTA PortA Data Latch when written to, PortA when read 

B5 TRISA PortA Data Direction latch 

09 PORTE PortE Data Latch when written to, PortA when read 

B9 TRISE PortE Data Direction latch 
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14.0 SPECIAL FEATURES OF THE 
CPU 

What sets apart a microcontrollerfrom other processors 
are special circuits to deal with the needs of real time 
applications. The PIC16CXX family has a host of such 
features intended to maximize system reliability, mini
mize cost through elimination of external components, 
provide power saving operating modes and offer code 
protection. These are: 

1. OSC selection 
2. Reset 

Power-On Reset (POR) 
Power-Up Timer (PWRT) 
Oscillator Start-Up Timer (OST) 

3. Interrupts 
4. Watchdog Timer (WOT) 
5. SLEEP 
6. Code protection 
7. In-circuit serial programming 

FIGURE 14-1: CONFIGURATION WORD 

The PIC16CXX has a: watchdog timer which can be shut 
off only through EPROM fuses. It runs off its own RC 
oscillator for added reliability. There are two timers that 
offer necessary delays on power-up. One is the oscilla
tor start-up timer (OST), intended to keep the chip in 
reset until the crystal oscillator is stable. The other is the 
power-up timer (PWRT), which provides a fixed delay of 
72 ms (nominal) on power up only, designed to keep the 
part in reset while the power supply stabilizes. With 
these two timers on-chip, most applications need no 
external reset circuitry. 

The SLEEP mode is designed to offer a very low current 
power-down mode. The user can wake up from SLEEP 
through external reset, watchdog timer time-out or 
through an interrupt. Several oscillator options are also 
made available to allow the part to fit the application. The 
RC oscillator option saves system cost while the LP 
crystal option saves power. A set of EPROM configura
tion bits (fuses) are used to select various options. 

14.1 Configuration Fuses 

The PIC16CXX has six configuration fuses which are 
EPROM bits. These fuses can be programmed (read as 
'O') or left unprogrammed (read as '1 ') to select various 
device configurations. These bits are mapped in pro
gram memory location 2007h. 

The user will note that address 2007h is beyond the user 
program memory space. In fact, it belongs to the special 
tesVconfiguration memory space (2000h-3FFFh), which 
can be accessed during programming. 

Register: FUSES R/W: Readable & 

[ - J CP~CPoj PWRTEj WOTE]Fosc1 FOSco] Address: 2007h writable 
R: Read only 

13 bito U: Unimplemented, 
read as 'O' 

L....--L-.. FOSC<1 :0>: OSC selection fuses. 

11 : RC oscillator 
10 : HS oscillator 
01 : XT oscillator 
00 : LP oscillator 

WOTE: WOT enable fuses. 

1 = WOT enabled 
0 =WOT disabled 

PWRTE: Power-up timer enable fuses. 

1 = power-up time enabled 
O = power-up timer disabled 

CP<1 :O>: Code protection fuses. 

11: Code protection off 
1 O: Upper half of program memory code 

protected 
01: Upper 314th of program memory code 

protected 
00: All memory is code protected 

Unimplemented. 
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14.2 Oscillator Configurations 

14.2.1 OSCILLATOR TYPES 

The PIC16CXX can be operated in four different oscilla
tor options. The user can program two configuration bits 
(FOSC 1 and FOSCO) to select one of these four modes: 

• LP Low Power Crystal 
• XT Crystal 
• HS High Speed Crystal 
• RC Resistor/Capacitor 

14.2.2 CRYSTAL OSCILLATOR I CERAMIC 
RESONATORS 

In XT, LP or HS modes a crystal or ceramic resonator is 
connected to the OSC1 and OSC2 pins to establish 
oscillation (Figure 14-2). The PIC16CXX Oscillator 
design requires the use of a parallel cut crystal. Use of 
a series cut crystal may give a frequency out of the 
crystal manufacturers specifications. When in XT, LP or 
HS modes, the device can have an external clock source 
to drive the OSC1 pin. This is shown in Figure 14-3. 

FIGURE 14-2: CRYSTAL OPERATION 
(OR CERAMIC RESONATOR) 
(HS, XT OR LP OSC 
CONFIGURATION) 

To internal 
logic 

SLEEP 

See Tables 14-1 and 14-2 for recommended values of C 1 
and C2. 

Note 1: A series resistor may be required for AT strip cut 
crystals. 

FIGURE 14-3: EXTERNAL CLOCK INPUT 
OPERATION (HS, XT, or LP 
OSC CONFIGURATION) 

Clock from 
ext. system 

Open 

OSC1 
PIC16CXX 

OSC2 

PIC16C74 

TABLE 14-1: CAPACITOR SELECTION 
FOR CERAMIC RESONATORS 

Oscillator Resonator Capacitor Range 

Type Frequency C1 :C2 

XT 455 KHz 150 - 330 pF 
2.0 MHz 20-330 pF 

4.0 MHz 20- 330_£,F 
HS 8.0 MHz 20-200 pF 

Higher capacitance increases the stability of oscillator but 
also increases the start-up time. These values are for 
design guidance only. Since each resonator has its own 
characteristics, the user should consult the resonator manu-
facturer for appropriate values of external components. 

TABLE 14-2: CAPACITOR SELECTION 
FOR CRYSTAL OSCILLATOR 

Osc Freq C1 C2 
Type 

LP 32 KHz§ 15 pF 15 pF 

100 KHz 15 pF 15 pF 

200 KHz 0-15j>F 0-15J>F 
XT 100 KHz 15 - 30 pF 200-300 pF 

200 KHz 15-30pF 100 - 200 pF 
455 KHz 15-30pF 15-100pF 

1 MHz 15 - 30 pF 15-30pF 

2MHz 15pF 15pF 

4MHz 15j>F 15.J!f 
HS 4MHz 15 pF 15 pF 

8MHz 15 pF 15 pF 
20MHz 15 pF 15 pF 

Higher capacitance increases the stability of oscillator but 
also increases the start-up time. These values are for 
design guidance only. Rs may be required in HS mode as 
well as XT mode to avoid overdriving crystals with low drive 
level specification. Since each crystal has its own charac-
teristics, the user should consult the crystal manufacturer 
for appropriate values of external components. 

§ For Voe> 4.SV, C1 = C2 =. 30pf is recommended. 
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14.2.3 EXTERNAL CRYSTAL OSCILLATOR 
CIRCUIT 

Either a prepackaged oscillator can be used or a simple 
oscillator circuit with TTL gates can be built. Prepack
aged oscillators provide a wide operating range and 
better stability. A well-designed crystal oscillator will 
provide good performance with TTL gates. Two types of 
crystal oscillator circuits can be used; one with series 
resonance, or one with parallel resonance. 

Figure 14-4 shows implementation of a parallel resonant 
oscillator circuit. The circuit is designed to use the 
fundamental frequency of the crystal. The 74AS04 
inverter performs the 180-degree phase shift that a 
parallel oscillator requires. The 4. 7 kO resistor provides 
the negative feedback for stability. The 1 O kQ potentiom
eter biases the 74AS04 in the linear region. This could 
be used for external oscillator designs. 

FIGURE 14-4: EXTERNAL PARALLEL 

10k 

+SV 

10k 

RESONANT CRYSTAL 
OSCILLATOR CIRCUIT 

To Other 
Devices 

PIC16CXX 

CLKIN 

20 ~FI ::opF 

Figure 14-5 shows a series resonant oscillator circuit. 
This circuit is also designed to use the fundamental 
frequency of the crystal. The inverter performs a 180-
degree phase shift in a series resonant oscillator circuit. 
The 330"0 resistors provide the negative feedback to 
bias the inverters in their linear region. 

FIGURE 14-5: EXTERNALSERIES 
RESONANT CRYSTAL 
OSCILLATOR CIRCUIT 

e~·I-----'· .. 
XTAL 

To Other 
Devices 

PIC16CXX 

CLKIN 

14.2.4 RC OSCILLATOR 

For timing insensitive applications the 'RC' device op
tion offers additional cost savings. The RC oscillator 
frequency is a function of the supply voltage, the resistor 
(Rext) and capacitor (Cext) values, and the operation 
temperature. In addition to this, the oscillator frequency 
will vary from unit to unit due to normal process param
eter variation. Furthermore, the difference in lead frame 
capacitance between package types will also affect the 
oscillation frequency, especially for low Cext values. 
The user also needs to take into account variation due 
to tolerance of external R and C components used. 
Figure 14-6 shows how the RIC combination is con
nected to the PIC16CXX. For Rext values below 2.2 
kOhm, the oscillator operation may become unstable, or 
stop completely. For very high Rext values (e.g. 1 
MOhm), the oscillator becomes sensitive to noise, hu
midity and leakage. Thus, we recommend to keep Rext 
between 3 kOhm and 100 kOhm. 

Although the oscillator will operate with no external 
capacitor (Cext = O pF), we recommend using values 
above 20 pF for noise and stability reasons. With no or 
small external capacitance, the oscillation frequency 
can vary dramatically due to changes in external capaci
tances, such as PCB trace capacitance or package lead 
frame capacitance. 

See Section 17.0 for RC frequency variation from part to 
part due to normal process variation. The variation is 
larger for larger R (since leakage current variation will 
affect RC frequency more for large R) and for smaller C 
(since variation of input capacitance will affect RC fre
quency more). 

See Section 17.0forvariation of oscillator frequency due 
to VDD for given Rext/Cext values as well as frequency 
variation due to operating temperature for given R, C, 
and VDD values. 

The oscillator frequency, divided by 4, is available on the 
OSC2/CLKOUT pin, and can be used for test purposes 
or to synchronize other logic (see Figure 3-2 for wave
form). 

FIGURE 14-6: RC OSCILLATOR MODE 

Voo 

Rext 

eex1I 
Vss -:-

----~ OSC2/CLKOUT 

Internal 
clock 

PIC16CXX 

Fosc/4 '------------' 
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14.3 BH.11 
The PIC16CXX differentiates between various kinds of 
reset: 

a) Power-on reset (POR) 

b) MCl..R Reset during normal operation 
cd) MCl..R reset during SLEEP 

1) WOT time-out reset during normal operation 
e) WOT time-out reset during SLEEP 

Some registers are not affected in any reset condition; 
their status is unknown on POR and unchanged in any 
other reset. Most other registers are reset to a "reset 
state" on power-on reset (POR), on MCLR orWDT reset 
during normal operation and on MCLR reset during 
SLEEP. They are not affected by a WOT reset during 
SLEEP, since this reset is vi~ed as the resumption of 
normal operation. TO and PD bits are set or cleared 
differently in different reset situations as indicated in 
Table 14-4. These bits are used in software to determine 
the nature of reset. See Table 14-6 for a full description 
of reset states of all registers. 

A simplified block diagram of the on-chip reset circuit is 
shown in Figure 14-7. 

PIC16C74 

14.4 Power-On Reset (POR). Power-Up-Timer 
(PWRD and Oscillator Start-up Timer 
(Q.sil 

14.4.1 Power-On Reset (POR) 

A Power-On Reset pulse is generated on-chip when Voo 
rise is detected (in the range of 1.6V - 1.BV). To take 
advantage of the POR, just tie MCLR pin directly (or 
through a resistor) to Voo. This will eliminate external 
RC components usually needed to create Power-On 
Reset. A minimum rise time for Voo is required. See 
Electrical Specifications for details. 

The POR circuit does not produce internal reset when 
Voo declines. 

14.4.2 POWER-UP TIMER (PWRT) 

The Power-Up Timer provides a fixed 72ms time-out on 
power-up only, from POR. The power-up timer operates 
on an internal RC oscillator. The chip is kept in reset as 
long as PWRT is active. The PWRT delay allows the 
Voo to rise to an acceptable level. A configuration fuse, 
PWRTE can enable (if set) or disable (if cleared or 
programmed) the power-up timer. 

The Power-Up Time delay will vary from chip to chip and 
due to Voo and temperature. See DC parameters for 
details. 

FIGURE 14-7: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT 

On-ehip t 
RCOSC 

Eldemal 
Reset 

Power_On_Reset 

1 o bit Ripple counter 

PWRT 

1 O bit Ripple counter 

t This is a separate oscilator from the 
RC oscillator of the CLKIN pin. 

C 1994 Microchip Technology Inc. 

POWER_UP AND PWRTE 
(Enable the PWRT timer 

R 
Chip_Reset 

ai----... 

only if it is power_up and power_on timer fuse is enabled.) 

lPOWER_UP +WAKE_UP) (XT + LP + HS) 
Enable the OST if it is power_up or wake_up 
rom SLEEP and OSC type is XT, HS, or LP) 
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14.4.3 OSCILLATOR START-UP TIMER (OST) 

The Oscillator Start-Up Timer (OST) provides 1024 
oscillator cycle (from OSC1 input) delay after the PWRT 
delay is over. This guarantees that the crystal oscillator 
or resonator has started and stabilized. 

The OST time-out is invoked only for XT, LP and HS 
modes and only on power-on reset or wake-up from 
SLEEP. 

14.4.4 TIME-OUT SEQUENCE 

On power-up the time-out sequence is as follows: First 
PWRT lime-out is invoked after POR has expired. Then 
OST is activated. The total time-out will vary based on 
oscillator configuration and PWRTE fuse status. For 
example, in RC mode with PWRTE fuse cleared (PWRT 
disabled), there will be no time-out at all. Figures 14-8 
to 14-10 depict time-out sequences. 

TABLE 14-3: TIME-OUT IN VARIOUS 
SITUATIONS 

Oscillator Power up Waka up from 
Configuration PWRTE=1 PWRTE=D SLEEP 

XT, HS, LP 72ms+ 1024tosc 1024 tosc 
1024tosc 

RC 72ms - -

Since the lime-outs occur from POR pulse, if MCLR is 
kept low long enough, the time-outs will expire. Then· 
bringing MCLR high will begin execution immediately 
(see Figure 14-9). This is useful for testing purposes or 
to synchronize more than one PIC16CXX device oper
ating in parallel. 

Table 14-5 shows the reset conditions for some special 
registers, while Table 14-6 shows the reset conditions 
for all the registers. 

14.4.1 POWER CONTROLJSTATUS REGISTER 
(PCON) 

The power controVstatus register, PCON (address BEh) 
has only one bit. 

Bit1 is POR (Power-on-reset). It is cleared on power-on
reset and unaffected otherwise. The user must set this 
bit following power-on-reset. On a subsequent reset if 
POR is cleared, It will indicate that a Power-On Reset 
must have occured (Voo may have gone too low). 

TABLE 14-4: STATUS BITS AND THEIR 
SIGNIFICANCE 

POR TO PD 

0 1 1 Power-on-reset 

0 0 x Illegal, TO is set on POR 
-

0 x 0 Illegal, PD is set on POR 

1 0 1 WOT reset during normal operation 

1 0 0 WOT timeout wakeup from SLEEP 

1 1 1 MCLR reset during normal operation 

1 1 0 MCLR reset durin~ SLEEP or 
interrupt wake-up rom SLEEP 

TABLE 14-5: RESET CONDITION FOR SPECIAL REGISTERS 

Power-On Reset 

MCLR reset during normal operation 

MCLR reset during SLEEP 

WOT reset during normal operation 

WOT during SLEEP 

Interrupt wake-up from SLEEP 

Legend: u = unchanged 
x = unknown 
- = unimplemented bit, reads as 'O' 

PCL 
Addr: 02h 

OOOh 

OOOh 

OOOh 

OOOh 

PC+ 1 

PC+ 1 (1) 

STATUS PCON 
Addr: 03h Addr:8Eh 

0001 lxxx ---- --0-

0001 luuu ---- --u-

0001 Ouuu ---- --u-

0000 luuu ---- --u-

uuuO Ouuu ---- --u-

uuul Ouuu ---- --u-

Notes: 1. When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector (0004h). 
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TABLE 14-6: RESET CONDITION FOR REGISTERS 

Register Address • Power-on Reset • K1.R Reset during: • Wake up from SLEEP 
• normal operation througli Interrupt 
·SLEEP • Wake up from SLEEP 

• WOT dmeout during normal through WOT timeout 
operation 

w - xxxx xxxx uuuu uuuu uuuu uuuu 

INDF OOh - - -

RTCC 01h xxxxxxxx uuuuuuuu uuuuuuuu 

PC 02h OOOOh OOOOh PC + 1 (2) 

STATUS 03h 0001 lxxx 000? ?uuu (3) uuu? ?uuu (3) 

FSR 04h xxxxxxxx uuuuuuuu uuuuuuuu 

PORTA 05h --xxxxxx --uuuuuu --uuuuuu 

PORTB 06h xxxxxxxx uuuuuuuu uuuuuuuu 

PORTC 07h xxxxxxxx uuuuuuuu uuuuuuuu 

PORTO 08h xxxxxxxx uuuuuuuu uuuuuuuu 

PORTE 09h ---- -xxx ---- -uuu ---- -uuu 

PCLATH OAh ---0 0000 ---0 0000 ---uuuuu 

INT CON OBh 0000 OOOx 0000 OOOu uuuu uuuu ( 1) 

PIR1 OCh 0000 0000 0000 0000 uuuuuuuu(l) 
PIR2 ODh ---- ---0 ---- ---0 ---- ---u(2) 

TMR1L OEh xxxx xxxx uuuu uuuu uuuu uuuu 

TMR1H OFh xxxx xxxx uuuu uuuu uuuu uuuu 

T1CON 10h --00 0000 --uu uuuu --uu uuuu 

TMR2 11h xxxx xxxx uuuu uuuu uuuu uuuu 

T2CON 12h -000 0000 -000 0000 -uuu uuuu 

SSPBUF 13h xxxx xxxx uuuu uuuu uuuu uuuu 

SS PC ON 14h 0000 0000 0000 0000 uuuu uuuu 

CCPR1L 15h xxxx xxxx uuuu uuuu uuuu uuuu 

CCPR1H 16h xxxx xxxx uuuu uuuu uuuu uuuu 

CCP1CON 17h --00 0000 --00 0000 --uu uuuu 

RCSTA 18h 0000 0000 0000 0000 uuuu uuuu 

TXREG 19h xxxx xxxx uuuu uuuu uuuu uuuu 

RCREG 1Ah xxxx xxxx uuuu uuuu uuuu uuuu 

CCPR2L 1Bh xxxx xxxx uuuu uuuu uuuu uuuu 

CCPR2H 1Ch xxxx xxxx uuuu uuuu uuuu uuuu 

CCP2CON 1Dh 0000 0000 0000 0000 uuuu uuuu 

ADRES 1Eh xxxx xxxx uuuu uuuu uuuu uuuu 

ADCONO 1Fh 0000 0000 0000 0000 uuuu uuuu 

Legend: u = unchanged, x = unknown, - = unimplemented M, reads as '0', ? = value depends on condition 

Notes: 1. One or more bits in INTCON, PIR1 and/or PIR2 will be affected (to cause wake-up). 
2. When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt 

vector (0004h). 
3. See Table 12-5 for reset value for specific condition. 

(Cont.) 
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TABLE 14-6: RESET CONDITION FOR REGISTERS (Continued) 

Register Address • Power-on Reset • MCl..R Reset during: • Wake up from SLEEP 
- normal operation througli interrupt 
·SLEEP • Wake up from SLEEP 

• WOT timeout during normal through WOT timeout 
operation 

INDF 80h - - -
OPTION 81h 11111111 11111111 uuuuuuuu 

PC 82h OOOOh OOOOh PC+ 1 

STATUS 83h 0001 lxxx 000? ?uuu (3) uuu? ?uuu (3) 

FSR 84h xxxxxxxx uuuuuuuu uuuuuuuu 

TRISA 85h --111111 --111111 --uu uuuu 

TRISB 86h 11111111 11111111 uuuuuuuu 

TRISC 87h 11111111 11111111 uuuuuuuu 

TRISD 88h 11111111 11111111 uuuuuuuu 

TRISE 89h 0000 -111 0000 -111 uuuu-uuu 

PCLATH 8Ah ---0 0000 ---0 0000 ---u uuuu 

INTCON 8Bh 0000 OOOx 0000 OOOu uuuu uuuu ( 1) 

PIE1 BCh 0000 0000 0000 0000 uuuuuuuu 

PIE2 8Dh ---- ---0 ---- ---0 ---- ---u 

PCON 8Eh ---- --0- ---- --u- ---- --u-

PR2 92h xxxxxxxx uuuuuuuu uuuuuuuu 

SSPADD 93h 0000 0000 0000 0000 uuuuuuuu 

SSPSTAT 94h --00 0000 --00 0000 --uu uuuu 

TXSTA 98h 0000 0000 0000 0000 uuuuuuuu 

SPBRG 99h xxxxxxxx uuuu uuuu uuuuuuuu 

ADCON1 9Fh ---- -000 ---- -000 ---- -uuu 

Legend: u = unchanged, x = unknown, - = unimplemented bit, reads as 'O', ? = value depends on condition 

Notes: 1. One or more bits in INTCON, PIR1 and/or PIR2 will be affected (to cause wake-up). 
2. When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt 

vector (0004h). 
3. See Table 12-5 for reset value for specific condition. 
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FIGURE 14-8 : TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO Voo): Case 1 

Voo 

INTERNAL POR ----~ !---------------------

'4-----IPWRT----.. I 

PWRTTIME-OUT -----------------! r-IOST_..i.__ ____ _ 

OSTTIME-OUT ------------------~ • 
INTERNAL RESET 

FIGURE 14-9: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO Voo): Case 2 

Voo ----~ 

MCLR -----___,_..----------------~ 

INTERNAL POR ----- IPWRT ----•1 
PWRTTIME-OUT -------------------<~!OST _.ii-: ----;----

OST TIME-OUT 

INTERNAL RESET 

FIGURE 14-10: TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO Voo) 

VDD 

MCLR ii 
INTERNAL POR 

PWRT TIME-OUT 

~IPWRT-1~,--
j~IOST .. ~j ------------

OSTTIME-OUT --------------~ 

INTERNAL RESET--------------~ 
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FIGURE 14·11: EXTERNAL POWER-ON RESET 
CIRCUIT (FOR SLOW Voo 
POWER-UP) 

Voo 

Notes: 
1. External power-on reset circuit is required only if 

VDD power-up slope is too slow. The diode D helps 
discharge the capacitor quickly when VDD powers 
down. 

2. R < 40K!l is recommended to make sure that 
voltage drop across R does not exceed 0.2V (max 
leakage current spec on MCLR pin is 5µA). A larger 
voltage drop will degrade VtH level on MCLR pin. 

3. R1=1oonto 1K!lwill limitanycurrentflowing into 
MCLR from external capacitor C in the event of 
MCLR pin breakdown due to ESD or EOS. 

FIGURE 14·12: BROWN-OUT PROTECTION 
CIRCUIT1 

Voo -----------1 Voo 
33K 

PIC16CXX 
= Notes: 

1. This circuit will activate reset when VDD goes 
below (Vz + 0.7V) where Vz =Zener voltage. 

FIGURE 14-13: BROWN-OUT PROTECTION 
CIRCUIT2 

Notes: 
1. This brown circuit is less expensive, albeit less 

accurate. Transistor 01 turns off when VDD is 
below a certain level such that: 

Voo• ~=0.7V. 
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14.5 Interrupts 

The PIC16C74 has 12 sources of interrupt: 

• External interrupt ABO/INT 
• RTCC timer/counter overflow interrupt 

PortB change interrupts (pins RB<7:4>) 
• Timer1 overflow interrupt 
• Timer2 interrupt 
• CCP1 interrupt 
• CCP2 interrupt 
• SCI asynchronous transmit and receive 
• Sync serial port interrupt 
• SCI interrupt 
• AID interrupt 
• Microprocessor port read/write interrupt 

The interrupt control register(INTCON, addrOBh) records 
individual interrupt requests in flag bits. It also has 
individual and global interrupt enable bits. 

A global interrupt enable bit, GIE (INTCON<7>) enables 
(if set) all un-masked interrupts or disables (if cleared) all 
interrupts. Individual interrupts can be disabled through 
their corresponding enable bits in INTCON register. GIE 
is cleared on reset. 

The RETFIE instruction allows user to return from inter
rupt and enable interrupt at the same time. 

The INT pin interrupt, the RB port change interrupt and 
the RTCC overflow interrupt flags are contained in the 
INTCON register. 

The peripheral interrupt flags are contained in the spe
cial register PIR1 (OCh). The corresponding interrupt 
enable bits are contained in special registers PIE1 
(BCh). 

When an interrupt is responded to, the GIE is cleared to 
disable any further interrupt, the return address is pushed 
into the stack and the PC is loaded with 0004h. Once in 
the interrupt service routine the source(s) of the interrupt 
can be determined by polling the interrupt flag bits. The 
interrupt flag bit(s) must be cleared in soflware before re
enabling interrupts to avoid recursive interrupts. 

FIGURE 14-14: INTERRUPT LOGIC 

TMR11F 
TMR11E 

PSPIF 
PSPIE 
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14.5.1 INT INTERRUPT 

External interrupt on RBO/INT pin is edge triggered: 
either rising if INTEDG bit (OPTION<6>) is set, or falling, 
if INTEDG bit is clear. When a valid edge appears on the 
INT pin, the INTF bit (INTCON<1>) is set. This interrupt 
can be disabled by clearing the INTE control bit 
(INTCON<4> ). The INTF bit must be cleared in software 
in the interrupt service routine before re-enabling this 
interrupt. The INT interrupt can wake up the processor 
from SLEEP, if the INTE bit was set prior to going into 
SLEEP. The status of the GIE bit decides whether or not 
the processor branches to the interrupt vector following 
wake-up. See Section 14.8 for details on SLEEP and 
Figure 14-16 for timing of wake-up from SLEEP through 
I NT interrupt. 

14.5.2 TMRO INTERRUPT 

An overflow (FFh ~ OOh) in the TMRO will set the TOIF 
(INTCON<2>) bit. The interrupt can be enabled/dis
abled by setting/clearing TOIE (INTCON<5>) bit. For 
operation of the TMRO module, see Section 7.0. 

14.5.3 PORT RB INTERRUPT 

An input change on PortB <7:4> sets the RBIF 
(INTCON<O>) bit. The interrupt can be enabled/dis
abled by setting/clearing the RBIE (INTCON<4>) bit. 
For operation of PortB, see Section 5.2. 

FIGURE 14-15: INT PIN INTERRUPT TIMING 

OSC1 

CLKour(3) 

INTFflag 
(INTCON <1>) r-~-+----< (51 

14.6 Context Saving During Interrupts 

During an interrupt, only the return PC value is saved on 
the stack. Typically, users may wish to save key 
registers during an interrupt e.g. W register and status 
register. This will have to be implemented in software. 

EXAMPLE 14-1: SAVING W REGISTER AND 
STATUS IN RAM: 

push: movwf temp_w ;Saving Values 
swapf STATUS. w 
movwf temp_stat 

;Interrupt 
; Service Routine 

pop: swapf temp_stat,W :Restoring 

movwf STATUS 
swapf temp_w, F 
swapf temp_w, W 

Interrupt Latency (Note 2) 

Values 

Do not want to 
affect Z-bit 

GIE bit r--------+--------+----, 
(INTCON <7>) '-----+--------+--------; 

INSTRUCTION FLOW 

Instruction { 
fetched 

Instruction { 
executed 

Inst (PC) Inst (PC+ 1) 

Inst (PC -1) lnst(PC) Dummy cycle 

Notes: 
1. INTF flag is sampled here (every 01) 
2. Interrupt latency= 3-4 Tcy where Tcy =instruction cycle time. 

Inst (0004h) Inst (0005h) 

Dummy cycle Inst (0004h) 

Latency is the same whether Inst (PC) is a single cycle or a 2-cycle Instruction. 
3. CLKOUT is available only in RC oscillator mode. 
4. For minimum width spec of INT pulse, refer to AC specs. 
5. INTF is enabled to be set anytime during the 04-01 cycles. 
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14.7 Watchdog Timer (WDD 

The watchdog timer is realized as a free running on-chip 
RC oscillator which does not require any external com
ponents. This RC oscillator is separate from the RC 
oscillator of the CLKIN pin. That meansthatthe WDTwill 
run, even if the clock on the OSC1 and OSC2 pins of the 
device has been stopped, for example, by execution of 
a SLEEP instruction. During normal operation, a WOT 
timeout generates a device RESET. If the device is in 
SLEEP mode, a WOT timeout causes the device to 
wake-up and continue with normal operation. The WOT 
can be permanently disabled by programming the con
figuration fuse WDTE as a 'O' (Section 14.1 ). 

PIC16C74 

14.7.1 WOT PERIOD 

The WDT has a nominal time-out period of 18 ms, (with 
no prescaler). The time-out periods vary with tempera
ture, Voo and process variations from part to part (see 
DC specs). If longer time-out periods are desired, a 
prescaler with a division ratio of up to 1:128 can be 
assigned to the WOT under software control by writing 
to the OPTION register. Thus, time-out periods up to 2.3 
seconds can be realized. 

The CLRWDT and SLEEP instructions clear the WOT and 
the prescaler, if assigned to the WOT, and prevent itfrom 
timing out and generating a device RESET condition. 

The TO bit in the STATUS register will be cleared upon 
a watchdog timer time-out. 

14.7.2 WOT PROGRAMMING CONSIDERATIONS 

It should also be taken in account that under worst case 
conditions (Voo = Min., Temperature = Max., max. WOT 
prescaler) it may take several seconds before a WOT 
time-out occurs. 

FIGURE 14-16: WATCHDOG TIMER BLOCK DIAGRAM 

From TMRO Clock Source 
(see Figure 7 -6) 

~ 
Watchdog f---------I 

Timer 

WOT Enable 
EPROM Fuse 

Note: RTE, ATS, PSA, PSO-PS2 

M 
u 
x 

PSA 

are bits in the OPTION register 

0 

8-Bit Counter 

8-to-1 MUX 

MUX 

l 
WOT 

Time-out 

FIGURE 14-17: SUMMARY OF WATCHDOG TIMER REGISTERS 

Address Name 

2007 Config. Fuses 

81 OPTION 
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(see Figure 7-6) 
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14.8 Power-Down Mode (SLEEP) 

The Power-Down mode is entered by executing a SLEEP 
instruction. 

If enabled, the.Watchdog Timer will be cleared but keeps 
runlliog, the PD bit in the STATUS register is cleared, 
the TO bit is set, and the oscillator driver is turned off. 
The 1/0 ports maintain the status they had, before the 
SLEEP command was executed (driving high, low, or hi
impedance). 

For lowest curent consumption in this mode, all 1/0 pins 
should be either at Voo, or Vss, with no external circuitry 
drawing current from the 1/0 pin. 1/0 pins that are hi
impedence inputs should be pulled high or low externally 
to avoid switching currents caused by floating inputs. 
The RTCC input should also be at Voo or Vss for lowest 
current consumption. The contribution from on chip pull
ups on PortB should be considered. 

The MCLR pin must be at a logic high level (VIHMC). 

It should be noted that a RESET generated by a WOT 
time-out does not drive MCLR pin low. 

14.8.1 WAKE-UP FROM SLEEP 

The device can wake up from SLEEP through one of the 
following events: 

1. External reset input on MCLR pin 
2. Watchdog timer time-out reset (if WOT was enabled) 
3. Interrupt from INT pin, RB port change, TMRO over

flow, or some Peripheral Interrupts. 

The following peripheral interrupts can wake-up from 
·SLEEP: 

1. TMR1 interrupt. Timer! must be operating as an 
asynchronous counter. 

2. SSP Start/Stop bit detect interrupt. 
3. CCP capture mode interrupt. 
4. Slave port read or write. 

Other peripherals can not generate interrupts since 
during SLEEP, no on-chip Q clocks are present. 

The first event will cause a device reset. The two latter 
events are considered a continuation of program execu
tion. The TO and PD bits in the STATUS register can 
be used to determine the cause of device reset. PD bit, 
which· is set on power-up is cleared when SLEEP is 
invoked. TO bit is cleared if WOT time-out occurred 
(and caused wake-up). 

When the SLEEP instruction is being executed, the next 
instruction (PC + 1) is pre-fetched. For the device to 
wake-up through an interrupt event, the corresponding 
interrupt enable bit must be set (enabled). Wake-up is 
regardless of the state of the GI E bit. If the GI E bit is clear 
(disabled), the device continues execution atthe instruc
tion after the SLEEP instruction. If the GIE bit is set 
(enabled), the device executes the instruction after the 
SLEEP instruction and the branches to the interrupt 
address (0004h). In cases where the execution of the 
instruction following SLEEP is not desirable, the user 
should have a NOP after the SLEEP instruction. 

The WOT is cleared when the device wakes-up from 
sleep, regardless of the source of wake-up. 

FIGURE 14-18: WAKE-UP FROM SLEEP THROUGH INTERRUPT 

OSC1 

CLKQlJT(4) 

INTFftag 
(INTCON<1>) 1------f--------t--~ 

(1Nnx:1;7~ 1-------f--------t-P-rocesso<--~-<:---:-----+--~------<c--------r------1 

INSTRUCTION FLOW 

SLEEP l, 

pel----....----j,,---;;;~+•1---li--,PC°"'~..----ly-----l,r----;p~c~+•a---lr-n0004hM>h--J.~-on0005h~--j 

lnsr:= { Inst (PC)= SLEEP lnst(PC+ 1) lnst(PC+2) lnst(0004h) lnst(0005h) 

lnstrudlon { Inst (PC- 1) 
executed 

SLEEP lnst(PC+ 1) Oum Oum lnst(00041l) 

Notes: 
1. XT, HS or LP oscillator mode assumed 
2. tost = 1024 tosc (drawing not to scale). This delay will not be there for RC osc mode. 
3. GIE"" 1 assumed. In this case after wake up processor jumps to Interrupt routine. 

If GIE = 0, execution w~I continue in Kile. 
4. CLKOUT Is not available in these osc modes, but shown here for timing reference. 
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14.9 Code Protection 

The code in the program memory can be protected by 
blowing the code protect fuses (CP<1 :O>). 

When code protected, the contents of the program 
memory cannot be read out in a way that the program 
code can be reconstructed. 

In code-protected mode, the configuration word (2007h) 
will not be scrambled, allowing reading of all fuses. 

14.9.1 CODE PROTECTION FUSES: 

The PIC16/17 microcontroller code protection scheme 
has been enhanced. These enhancements allow the 
user to selectively code protect portions of the program 
memory. The two code protect fuses (CP<1 :O>) allow 
the selection of the following code protection mappings: 

11 Program memory not code protected 
01 Upper 3/4 of program memory code protected 

(3FF - OFFFh) 
10 Upper 1/2 of program memory code protected 

(7FF - OFFFh) 
00 Entire program memory code protected 

Any word of a protected memory section will read out a 
scrambled version as shown in Figure 14-19: 

FIGURE 14-19: PROTECTED MEMORY 
READ FORMAT 

13 

loo o o 
where bO 

b1 

7 6 0 

0 0 0 I b6 b5 b4 b3 b2 b1 bO I 
XNOR of bitO and bit7 of the 
program memory location. 

XNOR of bit1 and bits of the 
programmemory location. 

b6 XNOR of bit6 and bit13 of the 
program. 

The configuration word is not code protected, and there
fore no scrambling is done. Unprotected segments read 
normally. Once the program memory location(s) have 
been code protected, those memory locations can not 
be further programmed. 

14.9.2 VERIFYING A CODE-PROTECTED PART 

When code protected, verifying any program memory 
location will read a scrambled output which looks like 
'OOOOOOOxxxxxxx' (binary) where Xis 1 or o. To verify 
a device after code protection, follow this procedure: 

1. First, program and verify a good device without code 
protecting it. 

2. Next, blow its code protection fuse and then load its 
contents in a file. 

3. Verify any code-protected PIC1SC74 against this 
file. 

PIC16C74 

14.10 In-Circuit Serial Programming 

The PIC1SCXX microcontrollers can be serially pro
grammed while in the end application circuit. This is 
simply done with two lines for clock and date, and three 
other lines for power, ground, and the programming 
voltage. This allows customers to manufacture boards 
with unprogrammed devices, and then program the 
microcontroller just before shipping the product. This 
allows the most recent firmware or a custom firmware to 
be programmed. 

The device is placed into a program/verify mode by 
holding the RBS and RB7 pins low while raising the 
MCLR (Vpp) pin from Vil to Vihh. RBS becomes the 
programming clock and RB7 becomes the programming 
data. Both RBS and RB7 are schmidt trigger inputs in 
this mode. 

Alter reset, to place the device into programming/verify 
mode, the program counter (PC) is at location OOh. A 
S-bit command is then supplied to the device. Depend
ing on the command, 14-bits of program date are then 
supplied to or from the device, depending if the com
mand was a load or a read. For complete details of serial 
programming, please refer to the PIC16C6X/7X Pro
gramming Specifications (Literature #DS30228). 

A typical in-system serial programming connection is 
shown in Figure 14-20. 

FIGURE 14-20: TYPICAL IN-SYSTEM 
SERIAL PROGRAMMING 
CONNECTION 

External 
Connector 
Signals 

+5V 

OV .i 
VPP .i 

CU< .i 

Datal/O .i 

To Normal 
c onnect1ons 

l 
~ 

... 
~ ~: 

To Normal 
Connections 

PIC16CXX 

Yoo 

Vss 

MCLRNPP 

RB6 

RB7 
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15.0 INSTRUCTION SET SUMMARY 

Each PIC16CXX instruction is a 14-bit word divided into 
an OPCODE which specifies the instruction type and 
one or more operands which further specify the opera
tion of the instruction. The PIC16CXX instruction set 
summary in Table 15-2 lists byte-oriented, bit-oriented, 
and literal and control operations. Table 15-1 shows the 
opcode field descriptions. 

For byte-oriented instructions, 'f" represents a file regis
ter designator and 'd' represents a destination designa
tor. The file register designator specifies which file 
register is to be utilized by the instruction. 

The destination designator specifies where the result of 
the operation is to be placed. If 'd' is zero, the result is 
placed in the W register. If "d' is one, the result is placed 
in the file register specified in the instruction. 

For bit-oriented instructions, 'b' represents a bit field 
designator which selects the number of the bit affected 
by the operation, while 'f' represents the number of the 
file in which the bit is located. 

For literal and control operations, 'k' represents an eight 
or eleven bit constant or literal value. 

TABLE 15-1: OPCODE FIELD 
DESCRIPTIONS 

Field Descr~ion 

f Register file address (OxOO to Ox7F) 
w Working register (accumulator) 
b Bit address within an 8 bit file register 
k Literal field, constant data or label 
x Don't care location(= O or 1) 

The assembler will generate code with x = 
o. It is the recommended form of use for 
comJ!.atib~ with all software tools. 

d Destination select; d = O: store result in W, 
d = 1: store result in file register f. 
Default is d = 1 

label Label name 
TOS Top of Stack 
PC Pl'QQ_ram Counter 

PC LATH Program Counter Hig_h Latch 
GIE Global Interrupt Enable Bit 
WDT Watchdog Timer Counter 
TO Time-out Bit 
PD Power-down Bit 

dest Destination either the W register or the 
specified register file location 

[ l Options 
( ) Contents 
~ Assigned to 

< > Register bit field 
E In the set of 

italic User defined term 

The instruction set is highly orthogonal and is grouped 
into three basic categories: 
• Byte oriented operations 
• Bit oriented operations 
• Literal and control operations 

All instructions are executed within one single instruc
tion cycle, unless a conditional test is true or the program 
counter is changed as a result of an instruction. In this 
case, the execution takes two instruction cycles with the 
second cycle executed as a NOP. One instruction cycle 
consists of four oscillator periods. Thus, for an oscillator 
frequency of 4 MHz, the normal instruction execution 
time is 1 µsec. If a conditional test is true or the program 
counter is changed as a result of an instruction, the 
instruction execution time is 2 µsec. 

Table15-2 lists the instructions recognized by the MPASM 
assembler. 

Figure 15-1 shows the three general formats that the 
instructions can have. 

All examples use the following format to represent a 
hexidecimal number: 

Oxhh 
where h signifies a hexidecimal digit. 

FIGURE 15-1: GENERAL FORMAT FOR 
INSTRUCTIONS 

Byte-oriented file register operations 
13 8 7 6 0 

I OPCODE I d I !(FILE #) 
d = O for destination W 
d = 1 for destination I 
I = 7-bit file register address 

Bit-oriented file register operations 
13 10 9 7 6 0 
I OPCODE I b(BIT #) I !(FILE #) 

b = 3-bit bit address 
I = 7-bit file register address 

Literal and control operations 
13 8 7 0 

I OPCODE k (LITERAL) 
k = 8-bit immediate value. 
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TABLE 15-2: INSTRUCTION SET 

Mnemonic, Description Cycles 14-Blt l!l!_code Status Notes 
Operands msb lsb Affected 

BYTE-ORIENTED FILE REGISTER OPERATIONS 

ADDWF I, d Add Wand f 1 00 0111 dfff ffff C,DC,Z 1, 2 
ANDWF I, d ANDWandf 1 00 0101 dfff ffff z 1, 2 
CLRF I Clear f 1 00 0001 lfff ffff z 2 
CLRW - ClearW 1 00 0001 Oxxxxxxx z 
COMF I, d Complement f 1 00 1001 dfff ffff z 1, 2 
DECF I, d Decrementf 1 00 0011 dfff ffff z 1, 2 
DECFSZ I, d Decrement f, Skip if O 1 (2) 00 1011 dfff ffff 1, 2, 3 
INCF I, d Increment f 1 00 1010 dfff ffff z 1, 2 
INCFSZ I, d Increment f, Skip if O 1 (2) 00 1111 dfff ffff 1,2,3 
IORWF I, d Inclusive OR W and f 1 00 0100 dfff ffff z 1, 2 
MOVF I, d Move! 1 00 1000 dfff ffff z 1, 2 
MOVWF I MoveWtof 1 00 0000 lfff ffff 
NOP - No Operation 1 00 0000 OxxO 0000 
RLF I, d Rotate left f through carry 1 00 1101 dfff ffff c 1, 2 
RRF I, d Rotate right f through carry 1 00 1100 dfff ffff c 1, 2 
SUBWF I, d Subtract W from f 1 00 0010 dfff ffff C,DC,Z 1, 2 
SWAPF I, d Swap halves f 1 00 1110 dfff ffff 1, 2 
XORWF I, d Exclusive OR Wand f 1 00 0110 dfff ffff z 1, 2 

BIT-ORIENTED FILE REGISTER OPERATIONS 

BCF I, b Bit Clear f 1 01 OObb bfff ffff 1, 2 
BSF I, b Bit Set f 1 01 Olbb bfff ffff 1, 2 
BTFSC I, b Bit Test I, Skip if Clear 1 (2) 01 lObb bfff ffff 3 
BTFSS I, b Bit Test f, Skip if Set 1 (2) 01 llbb bfff ffff 3 

LITERAL AND CONTROL OPERATIONS 

ADDLW k Add literal to W 1 11 lllx kkkk kkkk C,DC,Z 
ANDLW k AND literal to W 1 11 1001 kkkk kkkk z 
CALL k Call subroutine 2 10 Okkk kkkk kkkk 

--
CLRWDT - Clear watchdog timer 1 00 0000 0110 0100 TO, PD 
GOTO k Go to address 2 10 lkkk kkkk kkkk 
IORLW k Inclusive OR literal to W 1 11 1000 kkkk kkkk z 
MOVLW k Move literal to W 1 11 OOxx kkkk kkkk 
RETFIE - Return from interrupt 2 00 0000 0000 1001 
RETLW k Return with literal in W 2 11 Olxx kkkk kkkk 
RETURN - Return from subroutine 2 00 0000 0000 1000 

--
SLEEP - Go into standby mode 1 00 0000 0110 0011 TO, PD 
SUBLW k Subtract W from literal 1 11 llOx kkkk kkkk C,DC,Z 
XORLW k Exel. OR literal to W 1 11 1010 kkkk kkkk z 

Notes: 1. When an 1/0 register is modified as a function of itself (e.g. MOVF PORTS, 1), the value used will be that value present on 
the pins themselves. For example, if the data latch is "1" for a pin configured as input and is driven low by an external device, 
the data will be written back with a 'O'. 

2. If this instruction is executed on the TMRO register (and, where applicable, d=1 ), the prescaler will be cleared if assigned to 
theTMRO. 

3. If Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The second cycle is 
executed as a NOP. 
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15.1 Instruction Descriptions 

ADDLW 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

APQWF 

Syntax: 

Add Literal to W 

[label] ADDLW k 

O:Sk:S255 

(W)+k-+W 

C,DC,Z 

I 11 I lllX I kkkk I kkkk 

The contents of the W register are 
added to the eight bit literal "k" and the 
result is placed in the W register. 

1 

ADDLW Ox15 

Before Instruction 
W = Ox10 

After Instruction 
W = Ox25 

ADDWtof 

[label] ADDWF f,d 

Operands: O :s; f :s; 127 
de (0,1] 

Operation: (W) + (f) -+ (dest) 

Status Affected: C, DC, Z 
Encoding: l.--o-o--..l _o_1_1_1"'Tl-d£_£_£-.I_£_£ £-£---. 
Description: 

Words: 

Cycles: 

Example: 

Add the contents of the W register to 
register T. If "d" is O the result is 
stored in the W register. If "d" is 1 the 
result is stored back in register T. 

1 

1 

ADDWF FSR, 0 

Before Instruction 
W = Ox17 
FSA = OxC2 

After Instruction 
W Ox09 
FSA = OxC2 

ANPLW 

Syntax: 

Operands: 

AND Literal and W 

[ label] ANDLW k 

0Sk:S255 

Operation: (W) .AND. (k) -+ W 

Status Affected: Z 
~~~~~~~~~~~ 

Encoding: I 11 I 10o1 I kkkk I kkkk I 
Description: 

Words: 

Cycles: 

Example: 

ANDWF 

Syntax: 

Operands: 

Operation: 

The contentsofW register are AND'ed 
with the eight bit literal "k". The result 
is placed in the W register. 

1 

ANDLW Ox5F 

Before Instruction 
w = OXA3 

After Instruction 
W = Ox03 

ANDWwithf 

[label] ANDWF f,d 

0SfS127 
de [0,1] 

(W) .AND. (f) -+ des! 

Status Affected: Z 
~~~~~~~~~~~ 

Encoding: I oo I 0101 I dfff I ffff I 
Description: 

Words: 

Cycles: 

Example: 

AND the W register with register T. If 
"d" is O the result is stored in the W 
register. If "d" is 1 the result is stored 
back in register T. 

1 

1 

ANDWF FSR, 1 

Before Instruction 
W = Ox17 
FSA= OxC2 

After Instruction 
W Ox17 
FSA= Ox02 
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BCF 

Syntax: 

Operands: 

Bit Clearf 

[label] BCF 

O:'>f :'> 127 
O:'>b:'>7 

f,b 

Operation: o ~ f<b> 

Status Affected: None 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

BSF 

Syntax: 

Operands: 

I 01 I OObb I bf ff I ff ff 
Bit "b" in register "f" is reset to 0. 

1 

1 

BCF FLAG_REG, 7 

Before Instruction 
FLAG_REG = OxC7 

After Instruction 
FLAG_REG= 

Bit Set f 

[label] BSF 

O::;f::; 127 
o::; b:'>7 

Ox47 

f,b 

Operation: 1 ~ f<b> 

Status Affected: None 
Encoding: .----01-l.---0_1_b_b~l-b-f-ff~l -f-ff-f~ 

Description: Bit "b" in register "f" is set to 1. 

Words: 

Cycles: 

Example: BSF FLAG_REG, 7 

Before Instruction 
FLAG_REG = OxOA 

After Instruction 
FLAG_REG = OxBA 

© 1994 Microchip Technology Inc. 
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BTFSC 

Syntax: 

Operands: 

PIC16C74 

Bit Test. skip if Clear 

[label] BTFSC f,b 

O:'>f :'> 127 
O:'>b:'>7 

Operation: skip if (f<b>) = o 
Status Affected: None 
Encoding: .---0-1--rl-1-ob_b_,l-b-ff_f_,l,....f_f_f_f....., 

Description: 

Words: 

Cycles: 

Example: 

BTFSS 

Syntax: 

If bit 'b' in register 'f' is 'O' then the next 
instruction is skipped. 

If bit 'b' is 'O', the next instruction, 
fetched during the current instruction 
execution, is discarded and a NOP is 
executed instead making this a2 cycle 
instruction. 

1(2) 

HERE BTFSC FLAG, 1 
FALSE GOTO PROCESS_CODE 
TRUE 

Before Instruction 
PC = address HERE 

After Instruction 
if FLAG<1> = 0, PC= address TRUE 
if FLAG<1 > = 1, PC = address FALSE 

Bit Test. skip if Set 

[label] BTFSS f,b 

Operands: O ::; f ::; 127 
O:'>b:'>7 

Operation: skip if (f<b>) = 1 

Status Affected: None 

Encoding: 01 I llbb I bf ff I ffff 
Description: 

Words: 

Cycles: 

Example: 

If bit "b" in register "f" is "1" then the 
next instruction is skipped. 

If bit "b' is •o•, the next instruction, 
fetched during the current instruction 
execution, is discarded and a NOP is 
executed instead making this a2 cycle 
instruction. 

1 (2) 

HERE BTFSC FLAG,l 

FALSE GOTO 
TRUE 

Before Instruction 

PROCESS_CODE 

PC = address HERE 

After Instruction 
if FLAG<1> = 0, PC= address FALSE 

if FLAG<1> = 1,PC =address TRUE 
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CALL 

Syntax: 

Operands: 

Operation: 

Subroutine Call 

[ label] CALL k 

0 s; ks: 2048 

(PC) + 1 ~ TOS, 
k-:..+ PC<10:0>, 
(PCLATH<4:3>) ~ PC<12:11>; 

Status Affected: None 
Encoding; .-I -1_0_._.l-ok_k_k...,l-kkk-k....,lr-kkk-k--, 

Description: 

Words: 

Cycles: 

Example: 

CLRF 

Syntax: 

Operands: 

Operation: 

Subroutine call. First, return address 
(PC+ 1) is pushed onto the stack. The 
eleven bit immediate address is 
loaded into PC bits <10:0>. The up
per bits of the PC are loaded from 
PCLATH (f03). CALL is a two cycle 
instruction. 

2 

HERE CALL THERE 

Before Instruction 
PC = Address HERE 

After Instruction 
PC = Address THERE 
TOS = Address HERE 

C!earf 

[ label] CLRF 

0 s; f s; 127 

OOh~f 
1~z 

Status Affected: Z 
Encoding: l.--o-o--r-00-0-1...,l-lf-f-f...,l-f-f f-f .... I 

Description: 

Words: 

Cycles: 

Example: 

Thecontentsof registerT are cleared 
and the Z bit is set. 

1 

CLRF FLAG_REG 

Before Instruction 
FLAG_REG = Ox5A 

After Instruction 
FLAG_REG = OxOO 
Z=1 

CLRW 

Syntax: 

Operands: 

Operation: 

Clear W ReqjsJer 

[ label] CLRW 

None 

OOh~(W) 

1 ~z 

Status Affected: Z 
Encoding: ,...I -0-o~l -0_0_01~1 -o-xxx~l~xx-xx~I 

Description: 

Words: 

Cycles: 

W registered is cleared. Zero bit (Z) is 
set. 

Example: CLRW 

CLRWDT 

Syntax: 

Operands: 

Operation: 

Before Instruction 
W = Ox5A 

After Instruction 
W OxOO 
z = 1 

Clear Watchdog Timer 

[ label] CLRWDT 

None 

OOh~WDT, 
o ~WOT prescaler, 

1~TO 

1 ~PD 

Status Affected: TO , PD 
Encoding: .-I -o"-o--rl-oo_o_o...,l_o_11_0....,l.--o-10-o"""'I 

Description: 

Words: 

Cycles: 

Example: 

CLRWDTinstruction resets the watch
dog timer. It also resets the prescaler 

of the WOT. Status bits TO and PD 
are set. 

CLRWDT 
Before Instruction 

WOT counter = ? 
After Instruction 

WOT counter = OxOO 
WOT prescale = O 

TO =0 
PD =0 
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COMF 

Syntax: 

Operands: 

Complement f 

[label] COMF f,d 

0SfS127 
d E (0,1) 

Operation: (f) -+ (dest) 

Status Affected: Z 

Encoding: ~I _o_o~l_10_0_1~l_a_ff_f~l~f_ff_f~I 
Description: 

Words: 

Cycles: 

Example: 

DECF 

Syntax: 

The contents of register"f' are comple
mented. If "d" is O the result is stored 
in W. If "d"is 1 the result is stored back 
in register "f'. 

COMF REGl, 0 

Before Instruction 
REG1 = Ox13 

After Instruction 
REG1 = Ox13 
W = OxEC 

Decrement f 

[label] DECF f,d 

Operands: Os f s 127 
d E (0,1) 

Operation: (f)-1 -+ (dest) 

Status Affected: Z 
Encoding: ~I -o-o~l-00_1_1~1-af_f_f~l-f-ff-f~I 

Description: 

Words: 

Cycles: 

Example: 

Decrement register "f'. If "d" is O the 
result is stored in the W register. If "d" 
is 1 the result is stored back in register 
"f'. 

DECF CNT, 1 

Before Instruction 
CNT = Ox01 
z = 0 

After Instruction 
CNT = OxOO 
z = 1 

PIC16C74 

DECFSZ Decrement f. skip if O 

Syntax: [label) DECFSZ f,d 

Operands: 0 s f s 127 
d E (0,1) 

Operation: (f) - 1 -+ d; skip if result= O 

Status Affected: None 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

GOTO 

Syntax: 

Operands: 

Operation: 

I oo 1011 I dfff I ffff I 
The contents of register "f' are decre
mented. If "d" is O the result is placed 
in the W register. If "d" is 1 the result 
is placed back in register "f'. 

If the result is 0, the next instruction, 
which is already fetched, is discarded. 
A NOP is executed instead making it 
a two cycle instruction. 

1 

1 (2) 

HERE DECFSZ 
GOTO 

CONTINUE • 

Before Instruction 

CNT, 1 
LOOP 

PC = address HERE 

After Instruction 
CNT=CNT-1 
if CNT = 0, PC = address CONTINUE 
if CNT * 0, PC = address HERE + 1 

Unconditjonal Branch 

[ label] GOTO k 

0SkS2048 

k-+ PC<10:0>, 
(PCLATH<4:3>)-+ PC<12:11> 

Status Affected: None 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

I 10 I 1kkk I kkkk I kkkk I 
GOTO is an unconditional branch. 
The eleven bit immediate value is 
loaded into PC bits <10:0>. The up
per bits of PC are loaded from 
PCLA TH <4:3>. GOTO is a two cycle 
instruction. 

1 

2 

GOTO THERE 

After Instruction 
PC = Address of THERE 
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INCF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

INCFSZ 

Syntax: 

Operands: 

Increment f 

[label] INCF f,d 

0$f$127 
d E (0,1) 

(f) + 1 ~ (dest) 

z 
I oo I 1010 I dfff I ffff 
The contents of register T are incre
mented. If ·er is O the result is placed 
in the W register. If •er is 1 the result 
is placed back in register T. 

1 

INCF CNT, 1 

Before Instruction 
CNT = OxFF 
z = 0 

After Instruction 
CNT = OxOO 
z = 1 

Increment f. skip if O 

[label] INCFSZ f,d 

0$f$127 
d E (0,1) 

Operation: (f) + 1 ~ (dest), skip if result= O 

Status Affected: None 
Encoding: 'J -o-o--.l_11_1_1-.l-af-f-f0 l_f_f f-f--,1 

Description: 

Words: 

Cycles: 

Example: 

The contents of register T are incre
mented. If "d" is O the result is placed 
in the W register. If "d" is 1 the result 
is placed back in register T. 

If the result is 0, the next instruction, 
which is already fetched, is discarded. 
A NOP is executed instead making it 
a two cycle instruction. 

1 (2) 

HERE INCFSZ 
GOTO 

CONTINUE • 

Before Instruction 
PC = address HERE 

After Instruction 
CNT=CNT+1 

CNT, 1 

LOOP 

if CNT = 0, PC = address CONTINUE 
if CNT ~ 0, PC = address HERE + l 

IORLW 

Syntax: 

Operands: 

Inclusive OR Literal with W 

[label] IORLW k 

0$k$255 

Operation: (W) .OR. (k) ~ (W) 

Status Affected: Z 

Encoding: J.--1-1--rl-10-o-o'l-kk_k_k_l.-k-kk-k0 I 

Description: 

Words: 

Cycles: 

Example: 

IORWF 

Syntax: 

Operands: 

The contents of the W register are 
OR'ed with the eight bit literal "k". The 
result is placed in the W register. 

1 

1 

IORLW Ox35 

Before Instruction 
W = Ox9A 

After Instruction 
W = OxBF 

Inclusive OR W with f 

[label] IORWF f,d 

0$f$127 
d E (0,1) 

Operation: (W) .OR. (f) ~ (des!) 

Status Affected: Z 
Encoding: ~I -o-o__,.l-01_o_o'l_a_ff-f-,-I -f-f-ff'I 

Description: 

Words: 

Cycles: 

Example: 

Inclusive OR the W register with reg
ister T. If "d" is o the result is stored 
in the W register. If "d" is 1 the result 
is stored back in register T. 

IORWF RESULT, 0 

Before Instruction 
RESULT= Ox13 
W = Ox91 

After Instruction 
RESULT = Ox13 
W = Ox93 
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MOVLW 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

MOVF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

Move Literal to W 

[label] MOVLW k 

0SkS255 

k~(W) 

None 

I 11 I OOXX I kkkk I kkkkl 

The eight bit literal "k" is loaded into W 
register. 

MOVLW Ox5A 

After Instruction 
W = Ox5A 

Movef 

[label] MOVF 

OSfS 127 
d E [0,1) 

(f) ~ (dest) 

z 
I 00 I 1000 I 

f,d 

dfff I ffff I 
The contents of register f is moved to 
destination d. If d=O, destination is W 
register. If d = 1, the destination is file 
register f itself. d = 1 is useful to test 
a file register since status flag Z is 
affected. 

MOVF FSR, 0 

After Instruction 
W = value in FSR register 

MOVWF 

Syntax: 

Operands: 

Operation: 

PIC16C74 

MoveWtof 

[label] MOVWF 

0 sf S 127 

(W) ~ (f) 

Status Affected: None 
Encoding: ~, -o-o~l-o-oo-o~l-1_f _f f....,l~f_f_f_f ~ 

Description: 

Words: 

Cycles: 

Example: 

NOP 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

Move data from W register to register 
"!". 

MOVWF OPTION 

Before Instruction 
OPTION = OxFF 
W Ox4F 

After Instruction 
OPTION Ox4F 
W = Ox4F 

No Q12!!rgti52n 

[label] NOP 

None 

No operation 

None 

00 I 0000 1 oxxo 1 

No operation 

1 

1 

NOP 

ooool 
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RETFIE 

Syntax: 

Operands: 

Operation: 

Return from Interrupt 

[label] RETFIE 

None 

TOS~ PC, 
1 ~ GIE; 

Status Affected: None 
Encoding: rl _o_o__,1.---o_o_o o~l _o_o_o_o .,.--10-0-1-,I 

Description: 

Words: 

Cycles: 

Example: 

Return from Interrupt. Stack is 
popped and Top of the Stack (TOS) 
is loaded in PC. Interrupts are en
abled by setting the GIE bit. GIE is 
the global interrupt enable bit (IN
TCON<7>). This is a two cycle 
instruction. 

2 

RETFIE 

After Interrupt 
PC = TOS 
GIE = 1 

RETLW Return Literal to W 

Syntax: [label] RETLW k 

Operands: 0 ~ k ~ 255 

Operation: k ~ W; TOS ~ PC; 

Status Affected: None 
Encoding: ~I -1-1~J-o 1-xx--.J-kk_k_k_J.---k-kk-k--.J 

Description: 

Words: 

The W register is loaded with the 
eight bit literal "k". The program 
counter is loaded from the top of the 
stack (the return address). This is a 
two cycle instruction. 

Cycles: 2 

Example: 

CALL TABLE ; W contains table offset 
; value 

TABLE ADDWF PC 
RETLW kl 
RETLW k2 

RETLW kn 

RETURN 

Syntax: 

Operands: 

; W now has table value 

W = offset 
Begin table 

; End of table 

Before Instruction 
W = Ox07 

After Instruction 
W = value of k7 

Return from Subroutine 

[label] RETURN 

None 

Operation: TOS ~ PC; 

Status Affected: None 
Encoding: ~J -o-o~J-oo_o_o_,J-o-oo_o_J.---1-0-00....,I 

Description: 

Words: 

Cycles: 

Example: 

Return from subroutine. The stack is 
popped and the top of the stack (TOS) 
is loaded into the program counter. 
This is a two cycle instruction. 

2 

RETURN 

After Interrupt 
PC = TOS 
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RLF 

Syntax: 

Operands: 

Operation: 

Rotate Lett f throuah Carrv 

[label] RLF f,d 

OSfS 127 
d E [0,1] 

f<n>-+ d<n+1>, f<7>-+ C, C -+ 
d<O>; 

Status Affected: C 
Encoding: ..... , -0-0~-11_0_1~1-df_f_f~l-f-ff-f~l 

Description: 

Words: 

Cycles: 

Example: 

RRF 
Syntax: 

Operands: 

Operation: 

The contents of registerT are rotated 
one bit to the left through the Carry 
Flag. If "d" is O the result is placed in 
the W register. If "d" is 1 the result is 
stored back in register T. 

c@ register f tJ 

RLF REGl,0 

Before Instruction 
REG1 = 11100110 
c = 0 

After Instruction 
REG1 = 11100110 
w = 11001100 c = 1 . 

Rotate Right f through Carry 

[label] RRF f,d 

0SfS127 
d E (0,1] 

kn> -+ d<n-1 >, 
f<O> -+ C, 
C-+ d<7>; 

Status Affected: C 
Encoding: l..--o-o~l -1-1-oo~l -d-f-ff~l -f-f-ff~I 

Description: The contents of registerT are rotated 
one bit to the right through the carry 
Flag. If "d" is O the result is placed in 
the W register. If "d" is 1 the result is 
placed back in register T. 

Words: 

Cycles: 

Example: 

@ registerf b 

RRF REGl,0 

Before Instruction 
REG1 = 11100110 
c = 0 

After Instruction 
REG1 11100110 
w 01110011 
c 1 

PIC16C74 

SLEEP 

Syntax: [label] SLEEP 

Operands: None 

Operation: OOh -+ WOT, 
O -+ WOT prescaler 
1-+ IQ, 
0-+ PD 

Status Affected: TO, PD 
Encoding: ..... , -o-o~l-o_o_o_o~l -0_11_0~-0-0_1_1 ~ 

Description: The power down status bit (PD) is 2 cleared. Time-out status bit (TO) is 

Words: 

Cycles: 

Example: 

SUBLW 

Syntax: 

Operands: 

set. Watchdog Timer and its pres-
caler are cleared. 

The processor is put into SLEEP mode 
with the oscillator stopped. See sec
tion on SLEEP mode for more details. 

SLEEP 

Subtract W from Literal 

[ label] SUBLW k 

0SkS255 

Operation: k - (W) -+ (W) 

Status Affected: C, DC, Z 
Encoding: l~1-1~j -1_1_ox~j -kk-kk~j -k_kk_k~j 

Description: 

Words: 
Cycles: 

Example 1: 

Example2: 

The W register is subtracted (2's 
complement method) from the eight 
bit literal "k". The result is placed in the 
Wregister. 

SUBLW OX02 

Before Instruction 
w = 1 
c = ? 

After Instruction 
w = 1 
C = 1 ; result Is positive 

Before Instruction 
w = 3 
c = ? 

After Instruction 
W FF 
C = O ; result is negative 
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SUQWF Subtract W from f 

Syntax: [label] SUBWF f,d 

Operands: o sf s 127 
de (0,1] 

Operation: (f)-(W) -+ (dest) 

Status Affected: C, DC, Z 
Encoding: l~o-o~j-0-0-10~1-d_f_f_f~,-f_f_f_f ~ 

Description: 

Words: 

Cycles: 

Example 1: 

Example2: 

SWAPF 

Syntax: 

Operands: 

Operation: 

Subtract (2's complement method) 
the W register from register "f'. If "d" 
is o the result is stored in the W 
register. If "d" is 1 the result is stored 
back in register "f'. 

1 

SUBWF REGl,l 
Before Instruction 

REG1 =0 
W=1 
C=? 

After Instruction 
REG1 =FF 
W=1 
c = 0 ; result is negative 

Before Instruction 
REG1 =FF 
W=O 
C=? 

After Instruction 
REG1 =FF 
W=O 
C = 1 ; result is positive 

Sw@pf 

[label] SWAPF f,d 

OS f S 127 
de [0,1] 

f<0:3> -+ d<4:7>, 
f<4:7> -+ d<0:3>; 

Status Affected: None 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

I oo I 1110 I dfff I ffff I 
The upper and lower nibbles of regis
ter "f' are exchanged. If "d" is O the 
result is placed in W register. If "d" is 
1 the result is placed in register "f'. 

1 

SWAPF REG, 0 

Before Instruction 
REG= OxA5 

After Instruction 
REG= OxA5 
W = Ox5A 

XORLW Exclusive OR literal with W 

Syntax: [label] XORLW k 

Operands: O s k s 255 

Operation: (W) .XOR. k -+ (W) 

Status Affected: Z 
Encoding: .... , -1-1~l-10_1_o~l-kk-kk~, -k-k-kk~I 

Description: 

Words: 

Cycles: 

Example: 

The contents of the W register are 
XOR'ed with the eight bit literal "k". 
The result is placed in the W register. 

1 

1 

XORLW OxAF 

Before Instruction 
W = OxB5 

After Instruction 
W = Ox1A 
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XORWF Exclusive OR W with f 

Syntax: [ label] XORWF f,d 

Operands: O sf s 128 
de (0,1] 

Operation: CH) .XOR. (f) -+ (dest) 

Status Affected Z 
Encoding: l.--o-o--.-l _o_1-1o~l -d-ff-f~, -f-ff-f~I 

Description: 

Words: 

Cycles: 

Example: 

Exclusive OR the contents of the W 
register with register "f'. If "cl" is o the 
result is stored in the W register. If "d" 
is 1 the result is stored back in register 
"f'. 

XORWF REG, 1 

Before Instruction 
REG = OxAF 
W = OxB5 

After Instruction 
REG = Ox1A 
W = OxB5 
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16.0 DEVELOPMENT SUPPORT 

16.1 Development Tools 

The PIC16C5X and PIC16CXX microcontrollers are 
supported with a full range of hardware and software 
development tools: 

• PICMASTER™ Real-Time In-Circuit Emulator 
• PRO MATE™ Universal Programmer 
• PICSTART™ Low-Cost Prototype Programmer 
• Assembler 
• Software Simulator 

16.2 PICMASTER™: High Performance 
Un!yersa! In-Circuit Emulator 

The PICMASTER Universal In-Circuit Emulator is in
tended to provide the product development engineer 
with a complete microcontroller design tool set for all 
microcontrollers in the PIC16C5X, PIC16CXX and 
PIC17CXX families. 

Interchangeable target probes allow the system to be 
easily reconfigured for emulation of different proces
sors. The universal architecture of the PICMASTER 
allows expansion to support all new PIC16C5X, 
PIC16CXX and PIC17CXX microcontrollers. 

The Emulator System is designed to operate on PC 
compatible machines ranging from 80286-AT9 class 
ISA-bus systems through the new 80486 EISA-bus 
machines. The development software runs in the 
Microsoft Windows- 3.1 environment, allowing the op~ 
erator access to a wide range of supporting software and 
accessories. 

The PICMASTER has been designed as a real-time 
emulation system with advanced features generally 
found on more expensive development tools. The AT 
platform and Windows 3.1 environment was chosen to 
best make these features available to you, the end user. 

The PICMASTER Emulator Universal System consists 
primarily of four major components: 

• Host-Interface Card 
• Emulator Control Pod 
• Target-Specific Emulator Probe 
• PC Host Emulation Control Software 

The Windows 3.1 System is a multitasking operating 
system which will allow the developer to take full advan
tage of the many powerful features and functions of the 
PICMASTER system. 

PICMASTER emulation can operate in one window, 
while a text editor is running in a second window. 

Dynamic Data Exchange (DOE), a feature of Windows 
3.1, will be available in this and future versions of the 
software. DOE allows data to be dynamically transferred 
between two or more Windows programs. With this 
feature, data collected with PICMASTER can be auto
matically transferred to a spreadsheet or database pro
gram for further analysis. 

Under Windows 3.1, two or more PICMASTER emula
tors can run simultaneously on the same PC making 
development of multi-microcontroller systems possible 
(e.g., a system containing a PIC16CXX processor and a 
PIC17CXX processor). 

16.3 PRO MATE™: Universal Programmer 

The PRO MATE Universal Programmer is a production 
quality programmer capable of operating in stand alone 
mode as well as PC-hosted mode. 

The PRO MATE has programmable Voo and VPP sup
plies which allows it to verify programmed memory at 
Voo min and Voo max for maximum reliability . It has an 
LCD display for displaying error messages, ke}ts to enter 
commands and a modular detachable socket assembly 
to support various package types. In stand alone mode 
the PRO MATE can read, verify or program PIC16C5X, 
PIC16CXX and PIC17CXX devices. It can also Set fuse 
configuration and code-protect in this mode. Its EEPROM 
memory holds data and parametric information even 
when powered down. It is ideal for low to moderate 
volume production. 

FIGURE 16·1: PICMASTER SYSTEM CONRGURATION 

Common Interface Card 
PC Compatible Computer 

(ATnSA Bus) (for Industry Standard Architecture) 
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In PC-hosted mode, the PRO MATE connects to the PC 
via one of the COM (RS232) ports. A PC based user
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and menu
based. Full screen display and editing of data, easy 
selection of fuse configuration and part type, easy selec
tion of Voo min, Voo max and VPP levels, load and store 
to and from disk files (intel hex format) are some of the 
features of the software. Essential commands such as 
read, verify, program, blank check can be issued from 
the screen. Additionally, serial programming support is 
possible where each part is programmed with a different 
serial number, sequential or random. 

The PRO MATE has a modular 'programming socket 
module'. Different socket modules are required for 
different processor types and/or package types. 
PRO MATE supports all PIC16C5X, PIC16CXX and 
PIC17CXX processors. 

16.4 PICSTAR"fTM Programmer 

The PICSTART™ programmer is an easy to use, very 
low-cost prototype programmer. It connects to the PC 
via one of the COM (RS232) ports. A PC based user 
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and menu
based. 

16.5 Assembler (MPASM) 
Cross Assembler is a PC hosted symbolic assembler. It 
supports all microcontroller series including the 
PIC16C5X CMOS, PIC16CXX, and PIC17CXX families. 

MPASM offers fully featured Macro capabilities, condi
tional assembly, and several source and listing formats. 
It generates various object code formats to support 
Microchip's development tools as well as third party 
programmers. 

MPASM allows full symbolic debugging from the Micro
chip Universal Emulator System (PICMASTER). 

MPASM has the following features to assist in develop
ing software for specific use applications. 

• Provides translation of Assembler source code to 
object code for all Microchip microcontrollers. 

• Macro Assembly Capability 

• Provides Object, Listing, Symbol and special files 
required for debugging with one of the Microchip 
Emulator systems. 

• Supports Hex (default), Decimal and Octal source 
and listing formats. 

MPASM provides a full feature directive language repre
sented by four basic classes of directives: 

• Data Directives are those that control the allocation 
of memory and provide a way to refer to data items 
symbolically, by meaningful names. 

• Listing Directives control the MPASM listing dis 
play. They allow the specification of titles and sub
titles, page ejects and other listing control. 

PIC16C74 

• Control Directives permit sections of conditionally 
assembled code. 

• Macro Directives control the execution and data 
allocation within macro body definitions. 

16.6 Software Simulator (MPSIM) 

The Software Simulator allows code development in a 
PC host environment. It allows the user to simulate the 
PIC16C5X and PIC16CXX series microcontrollers on 
an instruction level. On any given instruction, the user 
may examine or modify any of the data areas or provide 
external stimulus to any of the pins. The inpuVoutput 
radix can be set by the user and the execution can be 
performed in single step, execute until break or in a trace 
mode. Two forms of symbolic debugging are available: 
an internal symbol table for disassembling opcodes and 
the displaying of source code from a listing file. The 
Software Simulator offers the low cost flexibility to de
velop and debug code outside of the laboratory environ
ment making it an excellent multi-project software devel
opment tool. 

16.7 Development Systems 

For convenience, the development tools are packaged 
into comprehensive systems as listed in Table 16-1: 

TABLE 16-1: DEVELOPMENT SYSTEM 
PACKAGES 

Item Name System Description 

1. PICMASTER™ PICMASTER In-Circuit Emulator 
System with your choice of Target Probe, 

PRO MATE Programmer, 
Assembler, Software Simulator and 
Samples. 

2. PICSTART™ PICSTART™ Low-Cost Prototype 
System Programmer, Assembler, Software 

Simulator and Samples 

16.8 Probe Specifications 

The PICMASTER probes currently meet the following 
specifications: 

PROBE 
PICMASTER Devices Maximum Operating 

PROBE Supported Frequency Voltage 

PROBE-16F PIC16C74 10 MHZ I 4.SV- 5.SV 
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18.0 ELECTRICAL CHARACTERISTICS 

Absolute Maximum Ratings t 

Ambient temperature under bias ............................................................................................................ -55 to+ 125°C 

Storage Temperature ......................................................................................................................... - 65°C to +150°C 

Voltage on any pin with respect to Vss (except Voo and MCLR) ................................................... -0.6V to Voo +0.6V 
Voltage on Voo with respect toVss ............................................................................................................. Oto +7.5 V 

Voltage on MCLR with respect to Vss (Note 2) ...................................................................................•........ o to + 14 V 
Total power Dissipation (Note 1) ............. , ............................................................................................................ 1.0 W 
Maximum Current out of Vss pin ............. ~ .......................................................................................................... 300mA 
Maximum Current into Voo pin .......................................................................................................................... 250mA 
Input clamp current, llK (Vi<O or Vi> Voo) .......................................................................................................... ±20mA 
Output clamp current, loK (VO <0 or VO>Voo) .......................................................................................•........... ±20mA 
Maximum Output Current sunk by any 110 pin ..................................................................................................... 25mA 
Maximum Output Current sourced by any 1/0 pin ................................................................................................ 25mA 
Maximum Current sunk by Port A, Port B, and Port E (combined) .................................................................•.. 200mA 
Maximum Current sourced by Port A, Port B, and Port E (combined) ............................................................... 200mA 
Maximum Current sunk by Port C and Port D (combined) ................................................................................. 200mA 
Maximum Current sourced by Port C and Port D (combined) .....•...................................................................... 200mA 

Notes: 1. Power dissipation is calculated as follows: Pdis = Voo x {loo - I. loh} + I. {(Voo-Voh) x loh} + :E(Vol x lol) 

2. Voltage spikes below Vss at the MCLR pin, inducing currents greater than 80mA, may cause latch-up. Thus, 

a series resistor of 50-1 oon should be used when applying a 'low' level to the MCLR pin rather than pulling 
this pin directly to Vss. 
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18.1 DC CHARACTERISTICS: PIC16C74·04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16C74-20 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 

Power Down Current 
(Note 3, 5) 

42 µA 
21 µA 
24 µA 
TBO µA 

HS osc configuration 
Fosc = 20 MHz, Voo = 5.5V (PIC16C74-20) 

Voo = 4.0V, WOT enabled, -4d'Cto t85"C 
Voo = 4.0V, WOT disabled, o·c t'o +7o·c 
VDD= 4.0V, WOT disabled, -40'C to +B5"C 
Voo = 4.0V, WOT disabled, ·40"Cto + 125°C 

, 25°C unless otherwise stated. These parameters are for design guidance only and are 

Notes: 1. This is th imit to which Voo can be lowered in SLEEP mode without losing RAM data. 
2. The supply current is mainly a function of the operating voltage and frequency. Other factors such as 1/0 pin 

loading and switching rate, oscillator type, internal code execution pattern, and temperature also have an 
impact on the current consumption. 
The test conditions for all loo measurements in active operation mode are: 

OSC1 =external square wave, from rail to rail; all 1/0 pins tristated, pulled to Voo, RT= Voo, MCLR = Voo; WOT 
enabled/disabled as specified. 

3. The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with all 1/0 pins in hi-impedence state and tied to Voo and Vss. 

4. For RC osc configuration, current through Rext is not included. The current through the resistor can be 
estimated by the fonTlula Ir= Voo/2Rext (mA) with Rext in kOhm. 

5. Timer1 oscilator (when enabled) adds approximately xmA to the specification. This value is from character
ization and is for design guidance only. This is not tested. 
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18.2 DC CHARACTERISTICS: PIC16LC74-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 

DC CHARACTERISTICS 

Characteristic Sym 

Supply Voltage 
Voo 

RAM Data Retention VDR 
Voltage (Note 1) 
Voo start voltage to VPOR 
guarantee Power-On Reset 
Voo rise rate to guarantee Svoo 
Power-On Reset 
Supply Current (Note 2, 5) 

loo 

Power Down Current 
(Note 3, 5) 

IPD 

Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40'C :,; TA:,;+ 125"C for automotive, 

-40"C :,; TA:,;+ 85'C for industrial and 
o·c :,; TA:,; +70'C for commercial 

Operating voltage Voo = 2.5V to 6.0V 

Min Typ t Max Units Conditions 

2.5 6.0 v XT, RC and LP osc config 
4.5 5.5 v HS osc configuration 

1.5 v Device in SLEEP m 

Vss v 

0.05* Vims 

2.7 5 
22.5 48 

DD= 3.0V, WOT enabled, -40°C to +85'C 
Voo = 3.0V, WOT disabled, O"C to +70"C 
VDD = 3.0V, WOT disabled, -40°C to +85"C 
VDD = 3.0V, WOT disabled, -40°C to+ 125'C 

• These parameters are characterized but not ste 
t : Data in 'Typ' column is at 5V, 25·c~othe ·s stated. These parameters are for design guidance only and are 

not tested. 

Notes: 1. This is the limit to lowered in SLEEP mode without losing RAM data. 
2. The supply cur a nction of the operating voltage and frequency. Other factors such as 1/0 pin 

loading an ~i scillator type, internal code execution pattern, and temperature also have an 
impact on e ¥rr1 c sumption. 
The t t co · ·on or all loo measurements in active operation mode are: 

0 1.Qe al s uare wave, from rail to rail; all 1/0 pins tristated, pulled to Voo, RT = Voo, MClR = Voo; 
WO na ed/disabled as specified. 

3. The po r own current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with all 110 pins in hi-impedance state and tied to Voo and Vss. 

4. For RC osc configuration, current through Rext is not included. The current through the resistor can be 
estimated by the formula Ir= Voo/2Rext (mA) with Rext in kOhm. 

5. Timer1 oscilator (when enabled) adds approximately xmA to the specification. This value is from character
ization and is for design guidance only. This is not tested. 
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18.3 DC CHARACTERISTICS: PIC16C74-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16C74-20 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16LC74-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 

DC CHARACTERISTICS Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40'C s TA s +125'C for automotive, 

-40 s TA s +85'C for industrial 
and o·c s TA s +70'C for commercial 

Operating voltage Voo range as described in DC spec tables 14.1 and 14.2 

Characteristic Sym Min Typt Max Units Conditions 

Input Low Voltage 
1/0 ports VIL 

- with TIL buffer Vss 0.8 v v 
-with Schmitt Trigger buffer Vss 0.2 Voo v 

MCLF, RM/TOCKI, OSC1 Vss 0.2Voo v 
(in RC mode) 
OSC1 (in XT, HS and LP) Vss 0.3 Voo v 
Input High Voltage 
1/0 ports VIH 

- with TIL buffer 2.0 Voo 
- with Schmitt Trigger buffer 0.8Voo Voo 

MCLF 0.8 Voo 
RA4/TOCKI, RC<7:4>, R0<7.4>, 
RE<2:0>, OSC1 (XT, HS and LP) 0.7VDD 
PortB weak pull-up current IPURB 50 
Input Leakage Current 
(Notes 2, 3) 
1/0 ports Ill Vss s VPIN s Voo, Pin at hi-impedance 

MCLF, RA4/TOCKI Vss s VPIN s Voo 
OSC1 Vss s VPIN s Voo ' XT, HS and LP osc 

configuration 
Output Low Voltage 
1/0 Ports 0.6 v IOL = 8.5 mA, Voo = 4.5V, -40'C to +85'C 

0.6 v IOL = 7.0 mA, Voe= 4.5V, -40'C to+ 125'C 
OSC2/CLKOUT 0.6 v IOL = 1.6 mA, Voo = 4.5V, -40'C to +85'C 

0.6 v loL = 1.2 mA, Voo = 4.5V, -40'C to+ 125'C 

v IOH = -3.0 mA, Voo = 4.5V, -40'C to +85'C 
Voo-0.7 v IOH = -2.5 mA, Voo = 4.5V, -40'C to+ 125'C 

OSC2/CLKOUT. Voo-0.7 v IOH = -1.3 mA, Voo = 4.5V, -40'C to +85'C 
Voo-0.7 v loH = -1.0 mA, Voo = 4.5V, -40'C to+ 125'C 

Cosc2 15 pf In XT, HS and LP modes when 
external clock is used to drive OSC1. 

All 1/0 pins and OSC2 
(in RC mode) C10 50 pf 
SCL, SDA in 12C mode Cb 400 pf 

t : Data in 'Typ' column is at SV, 25'C unless otherwise stated. These parameters are for design guidance only and are 
not tested. 

Notes: 1. In RC oscillator configuration, the OSC1 pin is a Schmitt trigger input. 
It is not recommended that the PIC16C74 be driven with external clock in RC mode. 

2. The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels 
represent normal operating conditions. Higher leakage current may be measured at different input voltages. 

3. Negative current is defined as coming out of the pin. 
4. The user may use better of the two specs. 
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18.4 Timing Parameter Symbology 

The timing parameter symbols have been created following one of the following formats: 

1. TppS2ppS 3. Tcc:st (12C specifications only) 

2. TppS 4. Ts (12C specifications only) 

T 

F Frequency 

Lowercase subscripts (pp) and their meanings: 

pp 

cc CCP1 

ck CLKOUT 

cs cs 
di SDI 

do SDO 

dt Datain 

io 110 port 

me MCLR 

Upper case letters and their meanings: 

s 
F 

H 

I 

L 

PC only 

AA 

BUF 

Fall 

High 

Invalid (Hi-impedance) 

Low 

output access 

Bus free 

Tcc:st (12C specifications only) 

cc 

ST 

HD 

DAT 

STA 

Hold 

DATA input hold 

START condition 

PARAMETER MEASUREMENT INFORMATION 

T 

OS 

rd 

rw 

SC 

SS 

to 

t1 

wr 

p 

R 

v 
z 

High 

Low 

SU 

STO 

Time 

OSC1 

RD 

RD or WR 

SCK 

SS 

TOCK! 

T1CKI 

WR 

Period 

Rise 

Valid 

High Impedance 

High 

Low 

Setup 

STOP condition 

All timings are measured between high and low measurement points as indicated in the figures below. 

0.7 Voo XTAL (H' h) 
~----- 0.8 VooRC IQ 

___j. \=-- 0.3 Voo XTAL (Low) 
0.15 Voo RC 

OSC1 MEASUREMENT POINTS 1/0 PORT MEASUREMENT POINTS 
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18.5 Timing Di1gr1m11nd S~i:;ifii;;gtiQns 

External Clock Timing 

04 01 02 03 Q4 01 

OSC1 
' ' ' ' '' '' I I I I I '' ' 1:---1-+: I :.,._ 3-+: :+- 3-+: '' 4-.: :....- ----· ,.._ 4 '' 
' ' 2 

CLKOUT 

External Clock Timing Requirements 

Parameter Sym Characteristic 
No. 

Min Typ t Max 

Fas External CLKIN Frequency DC 4 
(Note 1) DC 4 

DC 

Oscillator Frequency 
(Note 1) XT osc mode 

HS osc mode (PIC16C74-04 
PIC16LC64-04) 

MHz HS osc mode (PIC16C7 4-20) 
KHz LP osc mode 

Tos External CLKIN Period ns XT and RC osc mode 
(Note 1) ns HS osc mode (PIC16C74-04, 

PIC16LC64-04) 
50 ns HS osc mode (PIC16C74-20) 
50 µs LP osc mode 
250 ns RC osc mode 

250 10,000 ns XT osc mode 
250 1,000 ns HS osc mode (PIC16C7 4-04 

PIC16LC64·04) 
50 1,000 ns HS osc mode (PIC16C7 4-20) 

5 µs LP osc mode 
2 Tcy In ruction Cycle Time (Note 1) 1.0 4/F DC µs 
3 TosL, Clock in (OSC1) High or Low Time 50 ns XT oscillator 

TosH 2.5 µs LP oscillator 

20 ns HS oscillator 
4 TosR, Clock in (OSC1) Rise or Fall Time 25 ns XT oscillator 

TosF 50 ns LP oscillator 

25 ns HS oscillator 

t : Data in 'Typ" column is at SV, 2s·c unless otherwise stated. These parameters are for design guidance only and are not tested. 
Note 1: Instruction cycle period (Tcy) equals four times the input oscillator time base period. All specified values are based on 

characterization data for that particular oscillator type under standard operating conditions with the device executing code. 
Exceeding these specified limits may result in an unstable oscillator operation and/or higherthan expected current consumption. 
All devices are tested to operate at "min.' values with an external clock applied to the OSC1 pin. 
When an external clock input is used, the 'Max.• cycle time limit is "DC' (no clock) for all devices. 
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CLKOUT and 110 Timing 

OSC1 

CLKOUT 

l/O Pin 
(input) 

l/O Pin 
(output) 

Q4 

,__ _______ ...,.__,_!·~· i 10 

old value 

01 

-! ~20,21 
Note: AU tests must be done with specified capacitive loads (see ~atasheet) 50 pf on V 

CLKOUT and 110 Timing Requirements 

Q2 

~"'V 
Parameter Sym Characteristic ~~n Typt 

No. 

10 TosH2ckL OSC1itoCLK~~ - 15 
11 TosH2ckH osc1i to CLKOl!~(R~) - 15 
12 TckR CLKOUT ris€'tirnelFI~ - 5 
13 TckF CLKO~i~odaj_ - 5 
14 TckL2ioV CL~rt~valid - -
15 TioV2ckH 

~ 0.25 Tcy+25 -
_!iT mode) 

16 TckH~ ~rt~~fter 0 -
~t(RCmode) 

17 ~ t£~1 i (01 cycle) to Port out valid - -
18 

~~ 
OSC1 i (02 cycle) to Port input TBD -
invalid (1/0 in hold time) 

19 TioV2~H Port input valid.to OSC1i TBD -
(1/0 in setup time) 

20 TioR Port output rise time - 10 

21 TioF Port output fall time - 10 

* These parameters are characterized but not tested. 

' 11 : 
~: 

03 

: .,-•----------;-

Max Units Conditions 

30 ns 
30 ns 
15 ns 
15 ns 

0.5T~+20 ns 
- ns 

- ns 

TBD ns 

- ns 

- ns 

25 ns 

25 ns 

t : Data in 'Typ' column is at 5V, 25·c unless otherwise stated. These parameters are for design guidance only and are 
not tested. 
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Reset, Watchdog Timer, Oscillator Start-Up Timer and Power-Up Timer Timing 

Voo 

Internal 
POR 

PWRT 
Timeout 

32 ' 
;.____.~, ~~~~~~~~~~~~-----'\---.--'1'r""'-<:::-"'<>''--~~~~~~~ 

osc 
Timeout 

Internal 
RESET 

Watchdog 
Timer 

RESET 

Parameter 
No. 

30 
31 

32 

33 Power up Timer Period 
* These parameters are characterized but not tested. 

Min 

100 

7* 

28* 

Typt Max Units Conditions 

ns 

18 33* ms voo = sv, -4o·c to + 12s·c 
1024 tosc ms tosc = OSC1 period 

72 132* ms voo = sv, -4o·c to+ 12s·c 

t : Data in 'Typ' column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are 
not tested. 
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TimerO and Timer1 Clock Timings 

RA4/TOCKI ------'~ ~ ~ 
I I I t I 

RCO/T1CKI 

I I I I I 

:.-- 40 -----: - 41 - : I 'I I j 

I 
I 
------- 42 ____ ____,.., 

I 
I 

----~ I I ,·~----~,· I 

I I I I I 

:- 45 -----: :--- 46 -: : 
' I 

I 

TimerO and Timer1 Clock Requirements 

Parameter Sym 
No. 

Characteristic _&~ TyptMax Units Conditions 

40 

41 

42 

45 

46 

47 

TIOH TOCKI High Pulse Width No Pre~~5rcv + 20* 

Wi~e~.2_ 10* 
Tt0L TOCKI Low Pulse Width No~~.2_ 0.5 TCY + 20* 

_,dWith P~a~ 10* 

Tt0P TOCKI Period _U~'V TCY~40* 

T11H T1CKI High T~s, No Prescaler 0.5Tcy + 20 

~, ~~nous, With Prescaler 10* 

~ ~nchronous 2 Tcy 

Tn~C~I Ti Synchronous, No Prescaler 0.5Tcy + 20* 

"'J 0 Synchronous, With Prescaler 1 O* 

~ Asynchronous 2 Tcy 

T11P T1CKl'input period Synchronous Tcv+ 40* 

Asynchronous 

Ft1 Timer1 oscillator input frequency range 

(oscillator enabled by setting the T1 OSCEN bit) 

N 

4Tcy 

DC 

• These parameters are characterized but not tested. 

ns 
ns 
ns 

ns 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

- ns 

200 KHz 

Where N = prescale 
value (2, 4, .. ., 256) 

N=prescale value 

(1, 2, 4, 8) 

t: Data in "Typ' column is at SV, 25°C unless otherwise stated. These parameters are for design guidance only and 
are not tested. 
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Capture/Compare/PWM Timings (CCP1 and CCP2) 

I I I I 
I I 

RC1fT1CKO/CCP2 
and RC2/CCP1 
(Capture Mode) 1•'-------'01 I I 11'---+--0,--

RC1fT1CKO/CCP2 
and RC2/CCP1 

(Compare or 
PWMMode) 

Parameter Sym 
No. 

50 Teel 

51 

52 

53 
54 

I I I I I 

:- 50 ----.: :- 51 -: : 

Min Typt Max 

0.5Tcy+ 20 

10 
0.5 Tcy + 20 

10 

~ 
N 

10 
10 

* These parameters are characterized but not tested. 

Units 

ns 
ns 
ns 
ns 
ns 

25 
25 

Conditions 

N = prescale value 
(4or16) 
ns 
ns 

t : Data in 'Typ' column is at 5V, 25"C unless otherwise stated. These parameters are for design guidance only and are 
not tested. 
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Parallel Slave Port Timing 

REO/RD \_) 
: : 
' ' ' ' ' ' ' ' ' ' ' : 

RE1/WR 

RD<7:0> 

Parameter Min Typt Max Units Conditions 
No. 

62 20 ns 
setu time 

63 Ri or CSi to data-in invalid 20 ns 
hold time) 

64 RDJ. and CSJ. to data-out valid 40 ns 

65 RDi or CSJ. to data-out invalid 10 30 ns 

t: Data in 'Typ' column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and 
are not tested. 
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SPI Mode Timing 

SS ~--------------'.s.-.---------' 
' . 
~70+: 

SCK 
(CKP=O) : 

--~--'1 II I 

SCK 
(CKP=1) 

SDO 

SDI 

I 1 1 I 

:+11+: .... 12•: 
' ' __ ,__~: 
' 

SPI Mode Requirements 

Parameter Sym 
No. 

70 Tssl2scH, 
Tssl2scl, 

71 TscH 

72 

73 

74 

75 SDO data out ut rise time 
76 TdoF SDO data out ut fall time 
77 TssH2doZ SS.!. to SDO output 

hi-im de nee 
78 TscR SCK output rise time 

master mode 
79 TscF SCK output fall time 

(master mode) 

' ' 
~---·~-' '' 

78....: :.-
'' 

'' 
79...: :.-

'' 

Typt 

Tcy 

Tcy+20 

Tcy+20 

Tcy 

0.5Tcy 

10 
10 

10 

10 

10 

' ' ~-~~------~ 
'' 

.... : :.._79 

Max Units Conditions 

ns 

ns 

ns 

ns 

ns 

25 ns 
25 ns 
50 ns 

25 ns 

25 ns 

t : Data in 'Typ' column is at 5V, 25"C unless otherwise stated. These parameters are for design guidance only and 
are not tested. 
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PC Bus Start/Stop Bits Timing 

SCL 

SDA 

80 

..__.,......., 
START 

Condition 

81 

12C Bus Start/Stop Bits Requirements 

Parameter Sym Characteristic 
No. 

80 TSU:STA 

81 THD:STA 

82 

83 

DS30337A-page 122 

4000 
600 
4700 
600 
4000 

400KHzmode 600 

IPll'®~~m~llll~lf'Y 
2-520 

Max Units Conditions 

ns 
Only relevant for repeated 

START condition 

ns 
After this period the 

first clock pulse is generated 

ns 

ns 
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PC Bus Data Timing 

93-.: :.-- .__ 90-.....: ' -...: :..- 92 ' 
'' ' ' ' ' ' 

_J N /. r-91-7 ' "---------X SCL '•' ' ' ' 
~ ' ' 80 ~ ' 96 :.,.._____..: : ' : ' ' ~97 ' ' ' :+ ' ' ' 

--..: 82 ~ ~ 81 ' ' ' ' ' ' ' 
SDA ' ' ' -------~ ' f_ ' ' IN ' ' 

' ' ' ------ I l 

' ~100~ ' :.- 99----...; -: 99 l+ 
' ' ' 

~~~ 
' 

' 
.Ll. 

' ' 

~ PC Bus Data Requirements 

Parameter Sym Characteristic Min Max Units V Q ~d""ltiOns 
No. 

90 THIGH Clock high time 100 KHz mode 4.0 - ~ ~41nust operate at a 
of 1.5 MHz 

400 KHz mode 0.6 _6 _!\; :C74 must operate at a 
um of 10MHz 

SSP Module 1.5~ ~ w _:§ 91 TLOW Clock low time 100 KHz mode 

~ 
PIC16C74 must operate at a 
minimum of 1.5 MHz 

400KHz mode ~ ~ 
µs PIC16C74 must operate at a 

minimum of 10 MHz 
SSPModul~ ~ .. ~ -

92 TR SOAand SCL 100 KHz !Jilide ~~F 1000 ns 
rise time 400~ ~Cb 300 ns Cb is specified to be from 

10-400.QF 
93 TF SOAandSCL 1..00..KHz mOQe ~ - 300 ns 

fall time £ ~ 20+0.1 Cb 300 ns Cb is specified to be from 
10-400.£.F 

80 TSU:STA START c~Oj):) ~mode 4.7 - ~ Only relevant for repeated 
setUQ_~ l~]fizmode 0.6 - _.!!§_ START condition 

81 THD:STA ST~~n~ 1-M_ KHz mode 4.0 - µs After this period the 
ho 11 [:!oo KHz mode 0.6 - _.!!§_ first clockJLulse is_g_enerated 

96 THD:DAT =s_"V 100 KHz mode 0 - ns 

.L . 
400KHz mode 0 0.9 .J!§_ 

97 Tsu:~ ~znpur 100 KHz mode 250 . ns 
se time 400 KHz mode 100 - ns Note2 

82 TSU:STO ~condition 100 KHz mode 4.7 - _.!!§_ 
setUQ_lime 400 KHz mode 0.6 - m; 

99 TAA Output valid 100 KHz mode - 3500 ns Note 1 
from clock 400KHzmode . . . 

100 TBUF Bus free time 100 KHz mode 4.7 . _JJ._S Time the bus must be free 
400KHzmode 1.3 µs before a new transmission can 

- start 
Cb Bus capacitive loading - 400 pF 

Note 1: As a transmitter, the device must provide this internal minimum delay time to bridge the undefined region (min. 300 ns) of the 
falling edge of SCL to avoid unintended generation of START or STOP conditions. 

2: A fast-mode l"C-bus device can be used in a standard-mode 12C-bus system, but the requirement tsu;DA T>-250ns must then 
be met. This will automatically be the case if the device does not stretch the LOW period of the SCL signal. If such a device 
doesstretchtheLOWperiodoftheSCLsignal,itmustoutputthenextdatabittotheSDAlinet"max.+tsu;DAT=1000+250=1250ns 
(according to the standard-mode 12C bus specification) before the SCL line is released. 

© 1994 Microchip Technology Inc. IPrr"<e~~m~lril~H·~ DS30337A-page 123 

2-521 

.. 



PIC16C74 

SCI Module: Synchronous Transmission (Master/Slave) Timing 

RA5fTX/CK 
pin----" 

-..j~ 111 __.; ~ 112 
RA4/RX/DT -----t-~ 

pin -------.,,..---~ ""?<--------------~: ~---------

~ ~110 ~ 

Serial Port Synchronous Transmission Requirements 

Parameter Sym Characteristic Min 
No. 

SYNQ XMIT (MASTER & SLAVE) 

110 tckH2dtV Clock high to data out valid 

111 tckrf Clock out rise time and fall time 

(Master Mode) 

112 tdtrf 

t: Data in 'Typ' column is at 5V, 25°C unle 
and are not tested. 

r/Slave) Timing 

RA5fTX/CK 
pin 

RA4/RX/DT 
pin 

Serial Port Synchronous Receive Requirements 

Parameter Sym Characteristic 
No. 

SYNQ RQ~ (MASTER & SLAVE) 

115 tdtV2ckL Data hold before 
CK J. (OT setup time) 

116 tckL2dtl Data hold after 
CK J. (OT hold time) 

116 

Min 

15 

15 

Typt Max 

- -

- -

Units Conditions 

ns 

ns 

t: Data in 'Typ' column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. 
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18.6 AID CONVERTER PIC16C6XflX-04 (COMMERCIAL/INDUSTRIAL, AUTOMOTIVE) 
CHARACTERISTICS: PIC16C6XflX-20 (COMMERCIAL/INDUSTRIAL, AUTOMOTIVE) 

PIC16LC6XflX-04 (COMMERCIAL/INDUSTRIAL, AUTOMOTIVE) 

Parameter Sym Characteristic Min Typt Max Units Conditions 
No. 

NR Resolution 8 bits VREF = VDD = 512V, Vss s Ain s VREF 
NINT Integral error less than VREF = VDD = 512V, Vss s Ain s VREF 

±1 LSB 
NDIF Differential error less than 

±1 LSB 
NFS Full scale error less than SS S Ain S VREF 

±1 LSB 
NOFF Offset error 

Monotonicity guaranteed -
VREF Reference voltage 3.0V 
VAIN Analog input voltage Vss-0.3 
ZAIN Recommended 

impedance of analog 
voltage source 

lad AID conversion current µa Average current consumption when 
(VDD) AID Is on. (Note 2) 

IREF VREF input current mA During sampling 
(Note 3) 10 µA All other times 

erwise stated. These parameters are for design guidance only and 

ore source impedance is smaller (or higher). Also note that sampling begins after 
pleted. 

me any current other than minor leakage current. The power down current spec includes 
any such aJsalle the D module. 

Note 3: VREF c enfu.1r R pin or Voo pin, whichever is selected as reference input. 
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18. 7 AID CONVERTER PIC16LC&xnX-04 (COMMERCIAL/INDUSTRIAL,· AUTOMOTIVE) 
CHARACTERISTICS: 

Parameter Sym Characteristic Min Ty pt Max Units Conditions 
No. 

NR Resolution 8 bits 

NINT Integral error less than 
±1 LSB 

NDIF Differential error less than 
±1 LSB 

NFS Full scale error less than 
±1 LSB 

NOFF Offset error 

Monotonicity 

VREF Reference voltage 3.0V 
VAIN Analog input voltage Vss-0.3 

ZAIN Recommended 
impedance of analog 
voltage source 

lad AID conversion current µa Average current consumption when 
(VDD) ND is on. (Note 2) 

IAEF VREF input current mA During sampling 
(Note 4) 10 µA All other times 

* These parameters are chara 
t : Data in "Typ• column is at 5V, s therwise stated. These parameters are for design guidance only and 

are not tested. 
Note 1: Sampling time m if source impedance is smaller (or higher). Also note that sampling begins after 

2tad delay afte 
Note 2: When ND · 'o~t 

any such a~fr 
Note 3: VAEF curren · fr RA3 pin or Voo pin, whichever is selected as reference input. 
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AID Conversion Timing 

ADCOATA 

AORES 

AOIF 

GO 

SAMPLE 

AID Conversion Requirements 
Parameter Sym Characteristic 

No. 

120 tad AID clock period 

121 TCNV 

122 

OLO_OATA 

6.0 
4.0 

10tad 

5 

These parameters are characterized but not tested. 

9.0 
6.0 

Units 

PIC16C74 

Condttlons 

ADCS1 ,0 = 00 (for lose ~ 1 fJS) 
ADCS1 ,0 = 01 (for lose ~ 0.25 fJS) 
ADSC1 ,O = 10 (for tosc ~ 50 ns) 
ADSC1 ,0 = 11 (RC oscillator source) 

PIC16LC74 
PIC16C74 

The minimum time is the amplifier 
settling time. This may be used of 
the 'new' input voltage has not 
changed by more than 1 Lsb 
(i.e. 20mV @ 5.12V) from the last 
sampled voltage (as stated on 
CHOlO). 

t: Data in 'Typ' column is at 5V, 2s·c unless otherwise stated. These parameters are for design guidance only and 
are not tested. 
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19.0 DC AND AC CHARACTERISTICS (GRAPHSfTABLES) 

NOT AVAILABLE AT THIS TIME 
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20.0 PACKAGING INFORMATION 
See Section 11 in the Data Book (pages ?). 

20.1 pacl<age Marking Information 

44L PLCC 

44L PQFP 

40L PDIP (.600 mil) 

PIC16C74 

Example 

Example 

Example 

PIC16C74-04 
P126 

O~::,:.: 0 
0 

40L Cerdip Example 
'OT 'OT 

~ ~ - -
0 0 

PIC16C74 

AABB COE 9038 CBA 

Legend: MM ... M Microchip part number information 
XX ... X Customer specific information• 

AA Year code (last 2 digits of calendar year) 
BB Week code (week of January 1 is week '01') 

C Facility code of the plant at which wafer is manufactured 
C =Chandler, Arizona, U.S.A. 

D Mask revision number 

E Assembly code of the plant or country or origin in which 
part was assmebled 

Note: In the event the full Microchip part number can not be marked on one line, it will be 
carried over to the next line thus limiting the number of available characters for 
customer specific information. 

• Standard OTP marking consists of Microchip part number, year code, week code, facility 
code, mask rev#, and assembly code. For OTP marking beyond this, certain price adders 
apply. Please check with your Microchip Sales Office. For OTP devices, any special 
marking adders are included in QTP price. 
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APPENDIX A 

The following are the list of modifications over the 
PIC16C5X microcontroller family: 

1. Instruction word length is increased to 14 bit. This 
allows larger page sizes both in program memory 
(2K now as opposed to 512 before) and register file 
(128 bytes now versus 32 bytes before). 

2. A PC high latch register (PCLATH) is added to 
handle program memory paging. PA2, PA1, PAO 
bits are removed from status register. 

3. Data memory paging is redefined slightly. Status 
register is modified. 

4. Fournew instructions have been added: RETURN, 
RETFIE, ADDLW, and SUBLW. 

Two instructions TRIS and OPTION are being 
phased out although they are kept for compatibility 
with PIC16C5x. 

5. OPTION.and TRIS registers are made addressible. 

6. Interrupt capability is added. Interrupt vector is at 
0004h. 

7. Stack size is increased to 8 deep. 

8. Reset vector is changed to OOOOh. 

9. Reset of all registers is revisited. Five different 
reset (and wake-up) types are recognized. Regis
ters are reset differently. 

10. Wake up from SLEEP through interrupt is added. 

11. Two separate timers oscillator start-up timer (OST) 
and power-up timer (PWRT) are included for more 
reliable power-up. These timers are invoked selec
tively to avoid unnecessary delays on power-up 
and wake-up. 

12. PortB has weak pull-ups and interrupt on change 
feature. 

13. RTCC pin is also a port pin (RA4) now. 

14. FSA is made a full eight bit register. 

15. 'In system programming" is made possible. The 
user can program PIC16CXX devices using only 

five pins: Voo, Vss, MCl.RJVPP, RB6 (clock) and 
RB7 (data in/out). 

16. PCON status register is added with a Power-on
Reset (POR) status bit. 

17. Code protection scheme is enhanced such that 
portions of the program memory can be protected, 
while the remainder is unprotected. 

APPENDIXB 

To convert code written for PIC16C5X to PIC16CXX, the 
user should take the following steps: 

1. Remove any program memory page select opera
tions (PA2, PA1, PAO bits) for CALL, GOTO. 

2. Revisit any computed jump operations (write to PC 
or add to PC, etc.) to make sure page bits are set 
properly under the new scheme. 

3. Eliminate any data memory page switching. Rede
fine data variables to reallocate them. 

4. Verify all writes to STATUS, OPTION, and FSA 
registers since these have changed. 

5. Change reset vector to OOOOh. 
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CONNECTING TO MICROCHIP BBS 

Connect world wide to the Microchip BBS using the 
CompuSserve communications network. In most cases 
a local call is your only expense. The Microchip BBS 
connection does not use CompuServe membership 
services, therefore you do not need CompuServe 
membership to join Mlcrochlp's BBS. 

The procedure to connect will vary slightly from country 
to country. Please check with your local CompuServe 
agent for details if you have a problem. CompuServe 
services allows multiple users at baud rates up to 9600. 

To connect: 

1. Set your modem to 8 bit, No parity, and One stop 
(8N1). This is not the normal CompuServe setting 
which is 7E1. 

2. Dial your local CompuServe phone number. 

3. Depress <ENTER> and a garbage string will appear 
because CompuServe is expecting a 7E1 setting. 

4. Type + <ENTER> and Host Name: will appear. 

5. Type MCHIPBBS<ENTER> and you will be con
nected to the Microchip BBS. 

In the United States, to find CompuServe's phone num
ber closest to you, set your modem to 7E1 and dial (800) 
848-4480for 300-2400 baud or(800) 331-7166 for9600 
baud connection. After the system responds with Host 
Name:, type 

NETWORK<ENTER> and follow CompuServe's direc
tions. 

For voice information (or calling from overseas), you 
may call (614) 457-1550 for your local CompuServe 
number. 

Trademarks: 

PIC is a registered trademark of Microchip Technology 
Incorporated in the U.S.A. 

The Microchip logo and name are trademarks of Microchip 
Technology Incorporated. 

PICMASTER, PRO MA TE, and PICSTARTare trademarks 
of Microchip Technology Incorporated. 

ACCESS.bus is a trademark of the ACCESS.bus Industry 
Group. 

l"C is a trademark of Phillips Corporation. 

IBM PC is a registered trademark of IBM Corporation. 

MS DOS and Microsoft Windows are registered trademarks 
of Microsoft Corporation. 

CompuServe is a registered trademark of CompuServe Inc. 

All other trademarks mentioned herein are the property of 
their respective companies. 
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PIC16C74 

PIC16C74 Product Identification System 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 

PART NO. - XX X /XX XXX Tli Patt.n: 
3-Diglt Pattern Code for QTP/SQTP (factory specified) 
(blank for OTP and Windowed Parts) I Package: 

'-----" Temperature 
Range: 

"-----1 Frequency 
Range: 

"--------1 Device: 

Sales and Support 

P = PDIP (600 mil) 
L = PLCC 
PQ = MQFP (Metric PQFP) 
.JN = CarOIP (600 mil) 

o· c ti +1o·c (T for tape/reel) 
I = -40' C ti +85'C (S for tape/reel) 
E = -40"C ti + 125"C 

04 = 4MHz 
20 = 20MHz 

PIC16C74 : S1andard Voo range 
PIC16LC74: Extended Voo range 

Examples: 
a) PIC16C74 • 04/P 

=Commercial temp., 
DIP (600 mil) package, 
4 MHz, standard V DD limits, 
OTP part 

b) PIC16C74 • 041/PQ462 
= Industrial temp., 
MQFP package, 4 MHz, 
standard Voo limits, 
pattem#462 
(OTP or SQTP parts) 

Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and 
recommended workarounds. To determine If an errata sheet exists for a particular device, please contact one of the following: 
1. Your local Microchip sales office (see below) 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchlp's Bulletin Board, via your local Compuserve number. 

Please specify which device, revision of silicon and Data Sheet (include Literature#) you are using. 

For latest version Information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345or1-602-786-7302. 
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MICROCHIP PIC16C84 
8-Bit CMOS EEPROM Microcontroller 

FEATURES 
High Performance RISC-like CPU 

• Only 35 single word instructions to learn 
• All instructions single cycle (400ns) except for pro

gram branches which are two-cycle 
• Operating speed: DC - 10 MHz clock input 

DC - 400ns instruction cycle 
• 14-bit wide instructions 
• 8-bit wide data path 
• 1024 x 14 on-chip EEPROM program memory 
• 36 x 8 general purpose registers (SRAM) 
• 15 special function hardware registers 
• 64 x 8 EEPROM data memory 
• Eight-level deep hardware stack 
• Direct, indirect and relative addressing modes 
• Four interrupt sources: 

- External INT pin 
- TMRO timer overflow 
- PORTB<7:4> interrupt on change 
- Data EEPROM write complete 

• 1,000,000 ERASE/WRITE cycles (Typical) 
• Data Retention >40 years 

Peripheral Features 

• 13 1/0 pins with individual direction control 
• High current sink/source for direct LED drive 

- 25rnA sink max. per pin 
- 20mA source max. per pin 

• TMRO: 8-bit real time clock/counter with 8-bit 
programmable prescaler 

Special Microcontroller Features 

• Power-On Reset 
• Power-up Timer 
• Oscillator Start-up Timer 
• Watchdog Timer (WDT) with its own on-chip RC 

oscillator for reliable operation 
• Security EEPROM fuse for code-protection 
• Power saving SLEEP mode 
• User selectable oscillator options: 

- RC oscillator: RC 
- CrystaVresonator: XT 
- High-speed crystaVresonator: HS 
- Power-saving, low-frequency crystal: LP 

• Serial, In-System Programming (ISP) of EEPROM 
program and data memory using only two pins 

FIGURE A - PIN CONFIGURATION 

PDIP, sore 

--- RA2 RA1 ------ RA3 RAO ------ RA4/TOCKI OSC1/CLKIN ----- MCLR OSC2/CLKOUT ------ Vss Voo ---- RBOllNT RB7 ------- RB1 RB6 ------- RB2 RBS ------ RB3 RB4 -
CMOS Technology 

• Low-power, high-speed CMOS EEPROM technology 
• Fully static design 
• Wide-operating voltage range: 

Commercial: 2.0V to 6.0V 
- Industrial: 2.0V to 6.0V 
- Automotive: 2.0V to 6.0V 

• Low-power consumption 
< 2mA @ 5V, 4 MHz 
15µA typical@ 2V, 32 KHz 
< 1 µA typical standby current @ 2V 

INTRODUCTION 
The PIC16C84 is a high-performance, low-cost, CMOS, 
fully-static 8-bit microcontroller with 1 K x 14 EEPROM 
program memory and 64 bytes of EEPROM data memory. 
It is the second member of an enhanced family of 
PIC16CXX microcontrollers (customers familiar with the 
PIC16C5X products may refer to Appendix A for a list of 
enhancements). 

Its high performance is due to instructions that are all 
single word (14-bit wide), which execute in single cycle 
(400ns at 10 MHz clock) except for program-branches 
which take two cycles (800ns). 

The PIC16C84 has four interrupt sources and an eight
level hardware stack. 

The peripherals include an 8-bit timer/counter with an 
8-bit prescaler (effectively a 16-bit timer) and 13 bi
directional 1/0 pins. The high current drive (25mA max. 
sink, 20mA max source) of the 1/0 pins help reduce 
external drivers and therefore, system cost. 

The PIC16C84 product is supported by an assembler, 
an in-circuit emulator and a production quality program
mer. These tools are supported on IBM P~ and 
compatible machines. 
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FIGURE B - PIC16C84 BLOCK DIAGRAM 
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PIC16C84 

1.0 GENERAL DESCRIPTION 

The PIC16C84 is a low-cost, high-performance, CMOS, 
fully static, EEPROM-based 8-bit microcontroller. The 
EEPROM program memory is intended to be used for 
code development as well as One-Time-Programmable 
memory for full production. The program memory can 
not be updated during code execution. However, a 
special "in-system-programming" capability using only 
two pins to serially input and output data allows users to 
update program code of the PIC16C84 embedded in a 
system. The EEPROM data memory (64-bytes) is 
readable and writable during normal execution at full 
Voo range (2.0V - 6.0V). 

The PIC16C84 employs an advanced RISC-like archi
tecture. A reduced set of 35 instructions, single word 
instructions (14-bit wide); single cycle instructions ex
cept for two-cycle program branches, instruction pipe
lining, large register set and separate instruction and 
data memory (Harvard architecture) schemes are some 
of the architectural Innovation used to achieve very high 
performance. The PIC16C84 typically achieves a 2:1 
code compression and a 4:1 speed improvement over 
other 8-blt microcontrollers in its class. 

The PIC16C84 is equipped with special features to 
reduce external components and thus reduce cost, 
enhance system reliability and reduce power consump
tion. Therearefouroscillatoroptions,ofwhichthesingle 
pin RC oscillator provides a low cost solution and the LP 
oscillator minimizes power consumption. The SLEEP 
(power down) mode offers power saving. The user can 
wake up the chip from SLEEP through external inter
rupts and reset. 

A highly reliable watchdog timer with Its own on-chip RC 
oscillator provides protection against software malfunc
tion. 

1.1 Compatibility with PIC1 &CSX 

Those users familiar with the PIC16C5X family of micro
controllers will realize that this is an improved version of 
the PIC16C5X architecture. Please referto Appendix A 
for a detailed list of modifications. Code written for 
PIC16C5X can be easily ported to the PIC16C84 (see 
Appendix B). 

1.2 Apglications 

The PIC16C84 fits perfectly in applications ranging from 
high speed automotive and appliance control to low
power remote sensors, electronic locks and security 
devices. The PIC16C84 is also ideal for smart cards and 
RF tags. The EEPROM technology makes customiza
tion of application programs (transmitter codes, motor 
speeds, receiver frequencies, etc.) extremely fast and 
convenient. The small footprint packages for through 
hole or surface mounting make this microcontroller 
series perfect for all applications with space limitations. 

Low-cost, low-power, high-performance, ease of use 
and 1/0 flexibility makes the PIC16C84 very versatile 
even in areas where no microcontroller use has been 
considered before (e.g. timer functions, replacement of 
"glue" logic in larger systems, co-processor applica
tions). 

Additionally, the In System Programmability of the 
PIC16C84 (using only two pins for data transfer) offers 
flexibility to customize a product after complete assem
bly and test. 

This feature can be used to serialize a product, store 
calibration data available only after final test or to up
grade the firmware on finished goods. 

2.0 PIC16C84 DEVICE VARIETIES 
A varietyoffrequency ranges and packaging options are 
available. Depending on application and production 
requirements the proper device option can be selected 
using the information and tables in this section. When 
placing orders, please use the "PIC16C84 Product Iden
tification System• on the back page of this data sheet to 
specify the correct part number. 

2.1 Qu!ck-Tumacound-Production (QJPl 
Devices 

Microchip offers a OTP Programming Service for factory 
production orders. This service is made available for 
users who chose not to program a medium to high 
quantity of units and whose code patterns have stabi
lized. All EEPROM program memory locations and fuse 
options already programmed by the factory. Certain 
code and prototype verification procedures do apply 
before production shipments are available. Please con
tact your Microchip Technology sales office for more 
details. 

2.2 Serialized Qujck-Turnaround-Production 
(SOTP) Devices 

Microchip offers the unique programming service where 
few locations in each device is programmed with a 
different serial number. The serial number may be 
random, pseudo-random or sequential. 

Serial programming allows each device to have a unique 
number which can serve as entry-code, pass-word or ID 
number. 
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3.0 ARCHITECTURAL OVERVIEW 

The high performance of the PIC16C84 can be attrib
uted to a number of architectural features commonly 
found in RISC microprocessors. To begin with, the 
PIC16C84 uses a Harvard architecture, in which, pro
gram and data are accessed from separate memories. 
This improves bandwidth over traditional Von-Neuman 
architecture where program and data are fetched from 
the same memory. Separating program and data memory 
further allows instructions to be sized differently than 
8-bit wide data word. In PIC16C84, op-codes are 14-bit 
wide making it possible to have all single word instruc
tions. A 14-bitwide program memory access bus fetches 
a 14-bit instruction in a single cycle. A two-stage pipeline 
overlaps fetch and execution of instructions. Conse
quently, all instructions (35) execute in a single cycle 
except for program branches. 

3.1 - PIC16C84 PINOUT DESCRIPTION 

Pin 
Pin name Normal operation 

Type 

Voo p Power 

Vss p Ground 

OSC1/CLKIN I Clock inpuVoscillator connection 

PIC16C84 

The PIC16C84address1Kx14 program memory space, 
all on-chip. Program execution is internal only 
(microcontroller mode). 

The PIC16C84 can directly or indirectly address its 48 
register files or data memory. All special function 
registers including the program counter are mapped in 
the data memory. The instruction set is fairly orthogonal 
(symmetrical) which makes it possible to carry out any 
operation on any register using any addressing mode. 
This symmetrical nature and lack of 'special optimal 
situations' make programming with the PIC16C84 simple 
yet efficient. In addition, the learning curve is reduced 
significantly. 

Pin function 
Serial In-System Programming 
(ISP) Mode 

Power 

Ground 

-
OSC2/CLKOUT 110 Oscillator connection/CLKOUT output. It is CLKOUT in RC -

oscillator mode and oscillator connection in all other modes. 

MCLR/VPP llP Master clear (external reset) input. Active low. Master clear. Apply high voltage (VPP) 
to enter programming mode. 

RA4/TOCKI I Open-drain outpuVinput pin. It is also the clock input to TMRO -
timer/counter: Schmitt trigger input buffer 

RAO 110 Bidirectional 1/0 pin. TTL input levels -

RA1 1/0 Bidirectional 110 pin. TTL input levels -

RA2 110 Bidirectional 110 pin. TTL input levels -
RA3 110 Bidirectional 1/0 pin. TTL input levels -

RBO/INT 110 Bidirectional 110 pin/External interrupt input. TTL input levels -
RB1 110 Bidirectional 1/0 pin. TTL input levels -
RB2 110 Bidirectional 110 pin. TTL input levels -
RB3 110 Bidirectional 110 pin. TTL input levels -
RB4 110 Bidirectional 110 pin. TTL input levels -
RBS 110 Bidirectional 1/0 pin. TTL input levels -
RB6 110 Bidirectional 1/0 pin. TTL input levels Clock input 

RB7 1/0 Bidirectional 110 pin. TTL input levels Data inpuVoutput 

Legend: I = input, 0 =output, 110 = inpuVoutput, P = power. - = Not used. 
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PIC16C84 

FIGURE 3.2.1 • CLOCK/INSTRUCTION CYCLE 

OSC1 ' 

Q1 

Q4 

PC 
(Program Courter) , 

OSC2/CLKOUT 

Q11021Clll04 

(RCMode) 1------------< 
Fetch INST (PC) 

Q1 021ClllC4la11021ClllC4I 

+1 

Execute INST PC:-1 Fetch INST PC+ 1 
Execute INST (PC) F- INST (PC+2) 

• 

3.2 Clocking Scheme/Instruction Cycle 

The clock input (from pin OSC1) is internally divided by 
four to generate four non-overlapping quadrature clocks 
namely 01, 02, 03 and 04. Internally, the PC is 
incremented every 01, an instruction is fetched from the 
program memory and latched into instruction register in 
04. It is decoded and executed during the following 01 
through 04. The clocks and instruction execution flow 
is shown in Figure 3.2.1. 

3.3 Instruction Flow/Pipelining 

An "Instruction Cycle" consists of 01, 02, 03 and 04 
cycles. The Instruction fetch and execute cycles are 
pipelined such that fetch takes one instruction cycle 
while the decode and execute takes another instruction 
cycle. However, due to the pipelining, each instruction 
effectively executes in one cycle. If an instruction 
causes the program counter to change (e.g. GOTO) 
then two cycles are required to complete the instruction. 

A fetch cycle begins with the program counter (PC) 
incrementing in 01. 

The fetched instruction is latched into the "Instruction 
Register (IR)" which is decoded and executed during 
02, 03 and 04. Data memory is read during 02 (oper
and read) and written during 04 (destination write). 

3.4 Program Memory Organization 

The PIC16C84 has a 13-bit wide program counter 
(Figure 3.4.1) capable of addressing an 8Kx 14 program 
memory space. Only the first 1 K x 14 (OOOOh - 03FFh) 
are physically implemented. Accessing a location above 
3FFh will cause a wrap-around within the first 1 K x 14 
space. The reset vector is at OOOOh and the interrupt 
vector is at 0004h. 

The EEPROM program memory of the PIC16C84 is 
rated for limited Erase/write cycles. To program the 
program memo~part must be put into a special 
mode by raising MCLR pin to high voltage (see section 

11.5 for programming specification). Also, Voo must be 
4.5V to 5.5V during programming. The PIC16C84 is not 
suitable for applications where program memory is 
updated in the user application frequently. 

The program memory can be programmed serially using 
two data/clock pins (see Section 11) which makes in
system programming (ISP) possible. This allows the 
user to customize the system during final testing or 
upgrade a system in the field. 

FIGURE 3.4.1 ·PROGRAM MEMORY MAP 
AND STACK 

Stack Level 2 

Stack Level 8 

Reset Vector OOOOh 

1---ln_te_rru~pt_V_ect_o_r_--1 0004h 
OOOSh 

On-chip 
Program 
Memory 

03FFh 

1151i!llll!R• 04ooh 

1FFFh 
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3.5 Program Counter Module 

The program counter (PC) is 13-bits wide. The low byte, 
PCL is a readable and writable register. The high byte 
of the PC, PCH, is not directly readable or writable. The 
high byte of the PC can be written through the PCLA TH 
register (OAh). When the PC is loaded with a new value 
during a CALL, GOTO or a write to PCL, the high bits of 
PC are loaded from PCL.A TH as shown in Figure 3.5.1. 

3.6 Stack 

The PIC16C84 has an 8-deep x 13-bit wide hardware 
stack. The stack space is not part of either program or 
data space and the stack pointer is not readable or 
writable. The PC is pushed on the stack when a CALL 
instruction is executed or an interrupt is acknowledged. 
The stack is popped in the event of a RETURN, RETLW 
or RETFIE instruction execution. PCL.ATH (OAh) is not 
affected by a PUSH or a POP operation. 

3.7 Register File Organization 

The register file is organized as 128 x 8. It is accessed 
either directly or indirectly through the file select register 
FSR. It is also referred to as the data memory. There are 
several register file page select bits in the STATUS 
register allowing up to four pages. However, data 
memory extends only up to 2Fh. The first 12 locations 
are used to map special function registers. Locations 
OCh - 2Fh are general purpose registers implemented 
as static RAM. Some special function registers are 
mapped in page 1. When in page 1, accessing locations 
8Ch -AFh will access the RAM in page O (Figure 3.7.1). 

3.7.1 REGISTER FILE ADDRESSING MODES 

The register file can be addressed directly or indirectly. 
In both modes, up to 512 register locations can be 
addressed. 

Direct addressing mode: An effective 9-bit direct ad
dress is obtained by concantenating 7-bits of direct 
address from the opcode and two bits (RP1, RPO) from 
the status register as shown in figure 3. 7.1.1. 

Indirect addressing mode: Indirect addressing is pos
sible by using file address OOh (INDF). Any instruction 
using INDF as file register actually accesses data pointed 
to by the file select register, FSR. Reading INDF itself 
indirectly will produce OOh. Writing to INDF indirectly 
results in a no-operation (although status bits may be 
affected). An effective 9-bit address is obtained by 
concantenating the 8-bit FSR register and the IRP bit 
from the status register as shown in Figure 3.7.1.1. 

Please note that some special function registers are 
mapped in page 1. It will be necessary to set RPO bit to 
address them. Both RP1 and I RP bits are essentially not 
used. 

For convenience, the general purpose registers are 
mapped both in page o and page 1. 

PIC16C84 

FIGURE 3.5.1 - LOADING OF PC IN 
DIFFERENT SITUATIONS 

12 8 7 0 

~: ,j[~+(<~ 
~ INST wtth PCL 

8t 
(02h) as dest 

I 
I ALU resutt 

PCLATH 

12 1110 0 

PC GOTO.CALL 

11 
Opcode (10:0) 

PCLATH 

FIGURE 3.7.1 - REGISTER FILE MAP 

File 
Address 

00 Indirect addr.(" Indirect addr.(") 80 

01 RTCC OPTION 81 

02 PCL PCL 82 

03 STATUS STATUS 83 

04 FSR FSR 84 
05 PORTA TIRISA 85 

06 PORTB TIRISB 86 

07 87 

08 EEDATA EECON1 88 

09 EEADR EECON2 89 

OA PCLATH PCLATH BA 

OB INTCON INTCON 86 

oc BC 

36 Mapped 
General in page o 
purpose 
registers 
(SRAM) 

2F AF 

30 BO 

7F FF 

PageO Page 1 

* Not a physical register 
1111 Unimplemented data memory locations; reads as 'O's 

© 1994 Microchip Technology Incorporated [}2) [)®~ o fITfil o Uil®[JW DS30081C-page 7 
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PIC16C84 

FIGURE 3.7.1.1 - DIRECT/INDIRECT ADDRESSING 

Direct Addressing 

6 from opcode 

I I I 
0 

Indirect Addressing 

IRP 7 (FSR) 0 

D I I 

01 10 

page select J location select 

11~ 
00 

·~1--~~~~~~~ 

location select 

OB 

oc 

2F 

30 

7F 

Note: For memory map detail, see figure 3.7.1 

FIGURE 3.7.2 - REGISTER FILE SUMMARY (PIC16C84) 

Filename Btt7 I Btt6 I Bits J Bit4 I 
fll9tJI; 

7F 

Blt3 I Bit2 I 
00 INDO Uses contents of FSR to address data memory (not a physical register) 

01 TMRO 8 Bit Real Time clock counter 

02 PCL Low order 8 bits of PC 

03 STATUS IRP l RP1 I RPO l TO I PD I z l 
04 FSR Indirect data memory, address pointer O 
OS PORTA . RA3 RA2 

Blt1 I BltO 

DC l c 

RA1 I RAO 1 1 . I RA4/RTJ 1 1 06 PORTB RB7 RBS RBS I RB4 I RB3 RB2 RB1 } RBO/INT 

OB EEDATA EEPROM Data Register 

09 EEADR EEPROM Address Register 

OA PCLATH Holding register for high byte of PC (Note 1) 

OB INT CON GIE l EEIE l TOIE l INTE l ABIE l TOIF l INTF l RBIF 

flgtl; 

80 INDO MAPPED IN PAGE 0 

81 OPTION RBPU 1 INTEDG} RTS 1 RTE 1 PSA 1 PS2 j PSI j 
82 PCL Mapped in page O 

83 STATUS Mapped in page O 

84 FSR Mapped in page 0 

85 TRISA PORTA (IOS) data direction register 

86 TRISB PORTB (!06) data direction register 

88 EECON1 . I I I EEIF I WRERR I WREN} WR I 
89 EECON2 Not a physical register 

BA PCLATH Mapl'_ed in page O 

8B INTCON Mapped in page 0 

Notes: 1: The upper byte of the program counter is not directly accessible. PCLA TH is a holding register for 
PC<15:8> whose contents are updated from or transfered to the upper byte of the program counter. 

PSO 

RO 

Value on power 
on reset 

00000000 

xxxxxxxx 
00000000 

OOOllXXX 

xxxxxxxx 

xxxxxxxx 
xxxxxxxx 
---00000 

ooooooox 

11111111 

---11111 

11111111 

ooooxooo 

x =unknown 
u = unchanged 

0830081 C-page 8 lP [f®~ o ITDil o IT1l®[JW © 1994 Microchip Technology Incorporated 
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3.8 Indirect Addressing Register 

It is not a physical register. Addressing INDF will cause 
indirect addressing. See Section 3.7.1.1 for details. 

3.8.1 TMRO 
8-bit real time clock counter. See Section 6.4 for details. 
3.8.2 Bl!. 
Low order 8-bits of the PC. See Section 3.5 for details. 

3.9 STATUS Register 

This register contains the arithmetic status of the ALU, 
the RESET status, and the page preselect bits for data 
memory. 

The STATUS register can be the destination for any 
instruction like any other register. However, the status 
bits are set following the write operation (04). Further
more, TO and PD bits are not writable. Therefore, the 
result of an instruction with STATUS register as destina
tion may be different than intended. For ex~le, CLRF 
STATUS will clear all bits except for TO and PD and then 
set the Z bit and leave STATUS register as OOOUU100 
(where U = unchanged). 

It is recommended, therefore, that only BCF, BSF and 
MOVWF instructions are used to alter the STATUS 
registers because these instructions do not affect any 
status bit. 

For other instructions, affecting any status bits, see the 
section 'Instruction Set Summary' (see Section 4.0). 

TABLE 3.9.2.1 • EVENTS AFFECTING PD/ 
TO STATUS BITS 

Event TO PD Remarks 
Power-up 1 1 
WOT Timeout 0 u No effect on PD 
SLEEP instruction 1 0 
CLRWDT instruction 1 1 

U: unchanged 
Note: A WOT timeout will occur regardless of the status of the TO 

bit. A SLEEP j_nstruction will be executed, regardless of the 
status of the PD btt. Table 3.9.2.2 reflects the status of PD 
and TO after the corresponding event. 

PIC16C84 

3.9.1 CARRY/BORROW AND DIGIT CARRY/ 
BORROW BITS 

The carry bit (C) is a carry out in addition operations 
(ADDWF, ADDLW) and a borrow out in subtract opera
tions (SUBWF, SUBLW). The following examples ex
plain operation of carry/borrow bit: 
;SUBLW Example #1 

MOVLW OxOl 
SUBLW Ox02 

;wreg=l 
;wreg= 2-wreg = 2-1=1 
;Car:ry=l: result is positive 

;SUBLW Example #2 

MOVLW Ox02 
SUBLW OxOl 

;wreg=2 
;wreg=l-wreg=l-2=FFh 
;Car:ry=O: Result is negative 

;SUBWF Example #1 

clrf Ox20 
movlw 1 
subwf Ox20 

;f(20h)=0 
;wreg=l 
;f(20h)=f(20h)-wreg=O-l=FFh 
;Car:ry=O:Result is negative 

;SUBWF Example #2 
movlw OxFF 
movwf Ox20 ; f (20h) =FFh 
clrw ;wreg=O 
subwf Ox20 ;f(20h)=f(20h)-wreg=FFh-O=FFh 

;Car:ry=l: Result is positive 

The digit carry operates in the same way as the carry bit, 
i.e.: it is a borrow in subtract operations. 

3.9.2 TIME OUT AND POWER DOWN STATUS 
BITS ITO. PD> 

The TO and PD bits in the status register can be tested 
to determine if a RESET condition has been caused by 
a Watchdog Timer time-out, a power-up condition or a 
wake-up from SLEEP by the Watchdog Timer or MCLR 
pin. 
These status bits are only affected by events listed in 
Table 3.9.2.1. 

TABLE 3.9.2.2 • PD/TO STATUS AFTER 
RESET 

TO PD RESET was caused ~ 
0 0 WOT wake-up from SLEEP 
0 1 WOT time-out (not during SLEEP) 
u 0 MCLR wake-up from SLEEP 
1 1 Power-up 
u u MCLR reset during normal operation 

U: unchanged 
Note: The PD and TO bit maintain their status until an avent of 

Table 3.9.2.1 oc;Q!!IS. A low-pulse on the MCLR input does 
not change the PD and TO status bits. 

C 1994 Microchip Technology Incorporated [;'?)ir®~ a UiJi) a [fi)lfil!i'W DS30081C-page 9 
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PIC16C84 

FIGURE 3.9.1 - STATUS REGISTER 

R/W R R/VV 

IRP z 

DS30081C-page 10 

R/W R/VV 

ex:: c 
ADDRESS: 
RESET CONDITION: 

03h 
OOO??XXX 

bilO TO, PD are set or reset as shown in Table 3.9.2.1 

CARRY/BORROW BIT: 
For ADDWF, SUBWF, ADDLW and SUBLW instructions, this bit is set if 
there is a carry out from the most significant bit of the resultant. 
Note that a subtraction is executed by adding the two's complement of 
the second operand. For rotate (RRF, RLF) instructions, this bit is 
loaded with either the high or low order bit of the source register. 

DIGIT CARRY/BORROW BIT: 
For ADDWF, SUBWF , ADDLW and SUBLW instructions, this bit is 
set if there is a carry out from the 4th low order bit of the resultant 

ZERO BIT: 
Set if the result of an arithmetic or logic operation is zero. 
Reset otherwise. Addltionally, MOVF instruction will affect the Z bit. 

POWER DOWN BIT: 
Set to "1" during power up or by a CLRWDT command. This bit is 
cleared to ·o• by a SLEEP instruction. 

TIME-OUT BIT: 
Set to "1" during power up and by the CLRWDT and SLEEP 
command. This bit is cleared to •o• by a watchdog timer time out. 

REGISTER PAGE SELECT BITS FOR DIRECT 
ADDRESSING: 

00 : page 0 {OOh - 7Fh) 
RP1 ,0: 01 : page 1 (80h • FFh) 

10 : page 2 (100h- 17Fh) 
11 : page 3 (180h -1FFh) 

Each page is 128 bytes. 
Only RPO is useful in PIC16C84. Bit RP1 can be used as a general 
purpose read/write bit. However, this may affect upward compatibility with 
future products. 

REGISTER PAGE SELECT BITS FOR INDIRECT ADDRESSING: 
IRPO: 0 : page 0, 1 (OOh • FFh) 

1 : page 2,3 (100h - 1FFh) 
This bit is effectively not used in the PIC16C84. 
It may be used as a general purpose read/write bit. However, this may 
affect upward compatibility with future product. 
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3.10 Arithmetic and Logic Unit (ALU) 

The ALU is 8-bit wide and capable of addition, subtrac
tion, shift and logical operations. Unless otherwise 
mentioned, arithmetic operations are two's complement 
in nature. In two-operand instructions, typically one 
operand is the working register (W register) or the 
accumulator. The other operand is a file register or an 
immediate constant. In single operand instructions, the 
operand is either the W register or a file register. 

3.11 W Register 

The W register is an 8-bit working register (or accumu
lator) used for ALU operations. It is not in the data 
memory. 

3.12 Interrupts 

The PIC16C84 has four sources of interrupt: 

external interrupt from ABO/INT pin 

• TMRO timer/counter overflow interrupt 

• end of data EEPROM write 

interrupt on change on RB<7:4> pins 

The interrupt control register(INTCON, addrOBh) records 
individual interrupt requests in flag bits. It also has 
individual and global interrupt enable bits. 

A global interrupt enable bit, GIE (INTCON<7>) enables 
(if set) all un-masked interrupts or disables (if cleared) all 
interrupts. Individual interrupts can be disabled through 
their corresponding enable bits in INTCON register. GIE 
is cleared on reset. 

The RETFIE instruction allows user to return from inter
rupt and enable interrupt at the same time. 

The INT pin interrupt, the RB port change interrupt and 
the RTCC overflow interrupt flags are contained in the 
INTCON register. 

When an interrupt is responded to, the GIE is cleared to 
disable any further interrupt, the return address is pushed 
into the stack and the PC is loaded with 0004h. Once in 
the interrupt service routine the source(s) of the interrupt 
can be determined by polling the interrupt flag bits. The 
interrupt flag bit(s) must be cleared in software before re
enabling interrupts to avoid recursive interrupts. 

PIC16C84 

FIGURE 3.12.1 - INTERRUPT LOGIC 

TOIF 
TOIE 

INTF 
INTE 

EEIF 
EEIE 

RBIF 
RBIM 

GIE 

Interrupt 
to CPU 
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PIC16C84 

3.12.1 INT INTERRUPTS 

Extemal interrupt on RBO/INT pin is edge triggered: 
either rising (if INTEDG = 1, OPTION<6>) or falling (if 
INTEDG = 0). When a valid edge appears on INT pin, 
INTF bit is set (INTCON <1>). This interrupt can be 
disabled by clearing INTE control bit INTCON<4>. The 
INTF bit (INTCON<1>) must be cleared in software in 
the interrupt service routine before re-enabling this 
interrupt. The INT interrupt can wake up the processor 
from SLEEP if INTE bit was set prior to going into 
SLEEP. The status of the GIE bit decides whether or not 
the processor branches to the interrupt vector following 
wake-up. See Section 5.5 for details on SLEEP and 
Figure 5.5.1 for timing of wake-up from SLEEP through 
INT interrupt. 

FIGURE 3.12.1.1 ·INT PIN INTERRUPT TIMING 

OSC1 

INT pin 

INTFflag 
•(l) 

3.12.2 TMBO INTERRUPT 

An overflow (FFh ~ OOh) in the TMRO will set the TOIF 
(INTCON<2>) bit. The interrupt can be enabled/dis
abled by setting/clearing TOIE (INTCON<5>) bit. See 
Section 6.4 for details. 

3.12.3 PORT RB INTERRUPT 

An input change on PORTB <7:4> will set the RBIF 
(INTCON<O>) bit. The interrupt can be enabled/dis
abled by setting/clearing RBIE (INTCON<4>) bit. 

3; 12.4 EEPROM WRITE INTERRUPT 

The EEPROM write interrupt flag, EEIF (EECON1 <4>) 
when a data EEPROM write is complete. The interrupt 
can be masked by clearing the EEIE bit (INTCON<6>). 
See Section 6.1 for details on EEPROM write interrupt. 

(INTCON <1>) !---'---+--_, Interrupt Latency (Note 2) 

GIEbit I-------+-------+---~ 
(INTCON <7>) ~--1--------+-------1 

INSTRUCTION FLOW 

PCl'-----'PC-=----~~--'-'PC~+~1'----l''~---'PC'-""-'+~1---l''--0004==-~h--~~---=0005ho=="----f 

Instruction { 
fetched 

1:::;{ 
lnst(PC) lnst(PC+ 1) 

Inst (PC· 1) lnst(PC) Ounmycycle 

Notes: 
1. INTF flag Is sampled here (every Q1) 
2. Interrupt latency= 34 Tcy where Tcy = lnstruclfon cycle Hme. 

Inst (0004h) Inst (0005'1) 

llunmy cycle Inst (0004h) 

Latency is the same Whether Inst (PC) Is a single cycle or a 2-cycte Instruction. 
3. CLKOUT Is avallable only In RC oscillator mode. 
4. For minimum width spec of INT pulse, refer to AC specs. 
5. INTF is enabled to be set anytlme during the Q4-Q1 cycles. 
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FIGURE 3.12.2 • INTCON REGISTER 

R/W R/W R/W R/W R/W R/W R/W R/W 

[ GIE I EEIE I TOIE I INTEI ABIE I TOIF I INTFI RBIF J 
riW 

C 1994 Microchip Technology Incorporated !¥> rr@ll u ITiJi) u []'i) tID rrw 
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PIC16C84 

Address: OBh RMI: Readable & 
writable 

Power on reset R: Read only 
value: 0000 OOOXb U: Unused, 

read as'O' 

RB port change interrupt flag 
Set when RB<7:4> inputs 
change. Reset in software 

INT interrupt flag 
Set when INT interrupt occurs 
Reset in software 

TMRO overflow interrupt flag 
Set when TMRO overflows 
Reset in software 

RBIF interrupt enable bit 
RBIE = 0: disables RBIF interrupt 
RBIE = 1: enables RBIF interrupt 

INT interrupt enable bit 
INTE = 0: disables INTF interrupt 
INTE = 1: enables INTF Interrupt 

TMRO interrupt enable bit 
TOIE = O: disables TOIF Interrupt 
TOIE = 1: enables TOIF interrupt 

EEPROM write interrupt enable bit 
EEIE = O: Disable EEIF interrupt 
EEIE = 1: Enable EEIF Interrupt 

Global interrupt enable 
O=Disable 
1 =Enable 

DS30081C-page 13 
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PIC16C84 

4.0 SPECIAL FEATURES OF THE CPU 

What sets apart a microcontroller from other processors 
are special circuits to deal with the needs of real time 
applications. The PIC16C84 has a host of such features 
intended to maximize system reliability, minimize cost 
through elimination of extemalcomponents, provide power 
saving operating modes and offer code protection. 

The on-chip Watchdog nmercan only be shut off through 
an EEPROM fuse. It runs off its own RC oscillator for 
added reliability. There are two timers that offer neces
sary delays on power-up. One is the Oscillator Start-up 
Timer (OST), intended to keep the chip in reset until the 
crystal oscillator is stable. The other is the power-up 
timer (PWRT), which provides a fixed delay of 72ms 
(nominal) on power-up only, designed to keep the part in 
reset while the power supply stabilizes. With these two 
timers on chip, most applications need no external reset 
circuitry. 

The SLEEP mode is designed to offer a very low current 
power-down mode. The user can wake up from SLEEP 
through external reset, watchdog timer time-out or inter
rupt. Several oscillator options are also made available 
to allow the part to fit the application. The RC oscillator 
option saves system cost while the LP crystal option 
saves power. Aset of EEPROMconfiguration bits(fuses) 
are used to select various options (Section 5.6). 

4.1 .B.ESEI 
The PIC16C84 differentiates between various kinds of 
reset 

a) Power on reset (POR) 

b) MCLR Reset during normal operation 

c) MCLR reset during SLEEP 

d) WOT time-out reset during normal operation 

e) WOT time-out reset during SLEEP 

Some registers are not reset; they are unknown on POR 
and unchanged in any other reset. Most other registers 
are reset to •reset "tate• on Power-On Reset (POR), on 
MCLR or WOT reset during normal operation and on 
MCLR reset during SLEEP. They are not affected by a 
WOT reset during SLEEP, since this reset is viewed as 
the resumption of normal operation. There are a few 
exceptions to this_,_The PC is always reset to all O's 
(OOOOh). Finally, TO and PD bits are set or cleared 
differently in different reset situations as indicated in 
Section 3.9.1. These bits are used in software to 
determine the nature of reset. See Table 5.1.1 for a full 
description of reset states of all registers. 

4.2 Power-On Reset (PORl. Power-up Timer 
(PWRD and Oscillator Start-up Dmer 
(QS.I) 

Power-On Reset CPORl: A Power-On Reset pulse is 
generated on-chip when Voo rise is detected (in the 
range of 1.2V to 1.8V). To take advantage of the POR, 
just tie MCLR pin directly (or through a resistor) to Voo. 
This will eliminate external RC components usually 
needed to create Power-On Reset. 

FIGURE 4.0.1 - SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT 

OS30081C-page 14 

10 bit Ripple counter 

10 bit Ripple counter 

POWER.... UP 
(Enable the PWRT timer 
only ff tt is power_up.) 

rWER....UP +WAKE._UP) (XT + LP) 
nable the OST ff tt is power_up or wake_up 
m SLEEP and OSC type is XT or LP) 

R 
Chip_Resel 

QI-----<~ 
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PIC16C84 

TABLE 4.1.1 - RESET CONDITIONS FOR REGISTERS 

Register Address Power-on reset WOT time-out WOT time-out MCLRreset MCLRreset Wake-up 
(POR) reset during reset during during normal during SLEEP through 

normal operation SLEEP operation interrupt 

w - xxxx xxxx uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu 

INDIR OOh - - - - -
TMRO 01h xxxx xxxx uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu 

PC 02h OOOOh OOOOh PC + 1 OOOOh OOOOh PC + 1 

STATUS 03h 0001 lxxx 0000 luuu uuuO Ouuu OOOu uuuu 0001 Ouuu uuul Ouuu 

FSA 04h xxxx xxxx uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu 

PORTA 05h xxxx xxxx uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu 

PORTB 06h xxxx xxxx uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu uuuu 

TRISA 85h ---1 1111 ---1 1111 ---u uuuu ---1 1111 ---1 1111 ---u uuuu 

TRISB 86h 1111 1111 1111 1111 uuuu uuuu 1111 1111 1111 1111 uuuu uuuu 

OPTION 81h 1111 1111 1111 1111 uuuu uuuu 1111 1111 1111 1111 uuuu uuuu 

EEDATA 08h xxxx xxxx uuuu uuuu uuuu uuuuj uuuu uuuu uuuu uuuu uuuu uuuu 

EEADR 09h xxxx xxxx uuuu uuuu uuuu uuuuj uuuu uuuu uuuu uuuu uuuu uuuu 

EECON1 88h ---0 0000 ---0 ?000 1 ---u uuuu ---o ?0001 ---0 ?000 1 ---u uuuu 

EECON2 89h - - - - - -
PCLATH OAh ---0 0000 ---0 0000 ---u uuuu ---0 0000 ---0 0000 ---u uuuu 

INTCON OBh 0000 OOOx 0000 OOOu uuuu uuuu 0000 OOOu 0000 0000 uuuuuuuu* 
Legend: - = unimplemented, reads as 'O' u = unchanged x =unknown 
* In the event of wake-up through interrupt, one or more of the interrupt flags will be set. Other bits in INTCON will remain unchanged. 
t WRERR (bit3) will be set ff reset occurred during EEPROM write. 

The POR circuit does not produce internal reset when 
Voo declines (or goes through a brown-out). 

Power-up Timer IPWRD: The power-up timer provides 
a fixed 72ms time-out on power-up only, from POR. The 
power-up timer operates on an internal RC oscillator. 
The chip is kept in reset as long as PWRT is active. The 
PWRT delay allows the Voo to rise to an acceptable 
level. A configuration fuse, PWRTE can enable (if= 1) 
or disable (if = O or programmed) the Power-up Timer 
(Section 5.6). 

The power-up time delay will vary from chip to chip and 
due to Voo and temperature. See DC parameters for 
details. 

Oscillator Start-up Timer (OSD: The Oscillator Start-up 
Timer (OST) provides 1024 oscillator cycle (from OSC1 
input) delay after the PWRT delay is over. This guaran
tees that the crystal oscillator or resonator has started 
and stabilized. 

The OST time-out is invoked only for XT, LP and HS 
modes and only on Power-On Reset or wake-up from 
SLEEP. 

Time-out Segyence: On power-up the time-out se
quence is as follows: First PWRT time-out is invoked 
after POR has expired. Then ToST is activated. The 
total time-out will vary based on oscillator configuration 
and PWRTE fuse status. For example, in RC mode with 
PWRTE set to 'O' (PWRT disabled), there will be no time
out at all. Figures 5.2.1, 5.2.2 and 5.2.3 depict time-out 
sequences. Table 5.2.1 shows time outs on power-up 
versus wake-up from SLEEP. 

Since the time-outs occur from POR pulse, if MCLR is 
kept low long enough, the time-outs will expire. Then 
bringing MCLR high will begin execution immediately. 
This is useful for testing purposes or to synchronize 
more than one PIC16C84 operating in conjunction. 

TABLE 4.2.1 - TIME-OUT IN VARIOUS 
SITUATIONS 

Oscillator Power-up Wakeup from 
Configuration PWRTE=1 PWRTE=O SLEEP 

XT, HS, LP 72ms+ 1024tosc 1024tosc 
1024 tosc 

RC 72ms - -
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PIC16C84 

FIGURE 4.2.1 - TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO Yoo): Case 1 

Voo 

MCI.A 

INTERNAL POR -------' 1---------------------

PWRT TIME-OUT 

OST TIME-OUT 

INTERNAL RESET 

i4-----IPWRT----+11 
---~tosT~ 

! ~·------

FIGURE. 4.2.2 ·TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO Yoo): Case 2 

INTERNALPOR -----~ 1-------------------t---
!4------tPWRT-----11 

PWRTTIME-OUT -------------------l~t~-i l ~· ___ __,_ __ 

OST TIME-OUT 

INTERNAL RESET 

FIGURE 4.2.3 - TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO Yoo) 

Voo 

INTERNAL POR 

PWRT TIME-OUT 
------~~~~~~~~~~lPWRT-----_-_-_-_-_---!-~1---.-----~ 

i-t~-i 
: ~· ------; 

OST TIME-OUT 

INTERNAL RESET 
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FIGURE 4.2.4 - EXTERNAL POWER 
ON RESET CIRCUIT 

Voo 

~~~ 
c "J PIC16C84 

Notes: 
1. External power on reset circuit is required only if 

VDD power-up slope is too slow. The diode D helps 
discharge the capacitor quickly when VDD powers 
down. 

2. R < 401<.Q is recommended to make sure that 
voltage drop across R does not exceed 0.2V (max 
leakage current spec on MCLR pin is SµA). A larger 
voltage drop will degrade V1H level on MCLR pin. 

3. R1 = 1 OOQ to 1 K.Q will limit any current flowing into 
MCLR from external capacitor C in the event of 
MCLR pin breakdown due to ESD or EOS. 

FIGURE 4.2.5 - BROWN OUT PROTECTION 
CIRCUIT 1 

Notes: 
1. This circuit will activate reset when VDD goes 

below (Vz + 0. 7V) where Vz = Zener voltage. 

FIGURE 4.2.6 - BROWN OUT PROTECTION 
CIRCUIT2 

Notes: 
1. This brown circuit is less expensive, albeit less 

accurate. Transistor 01 turns off when Voo is 
below a certain level such that: 

VDD• _R_l_ =0.7V. 
R1 +R2 

PIC16C84 

4.3 Watchdog Timer (WDD 

The watchdog timer is realized as a free running on-chip 
RC oscillator which does not require any external com
ponents. That means that.the WOT will run, even if the 
clock on the OSC1 and OSC2 pins of the device has 
been stopped, for example, by execution of a SLEEP 
instruction. A WOT timeout generates a device RESET 
condition. The WOT can be permanently disabled by 
programming the configuration fuse WOTE as a 'O' 
(Section 5.6). 

4.3.1 WOT PERIOD 

The WOT has a nominal time-out period of 1 Sms, (with 
no prescaler). The time-out periods vary with tempera
ture, Voo and process variations from part to part (see 
DC specs). If longer time-out periods are desired, a 
prescaler with a division ratio of up to 1: 128 can be 
assigned to the WOT under software control by writing 
to the OPTION register. Thus, time-out periods up to 2.3 
seconds can be realized. 

The "CLRWOT" and "SLEEP" instructions clear the 
WOT and the prescaler, if assigned to the WOT, and 
prevent it from timing out and generating a device 
RESET condition. 

The status bit TO in STATUS register will be cleared 
upon a Watchdog Timer timeout. 

4.3.2 WOT PROGRAMMING 
CONSIDERATIONS 

It should also be taken in account that under worst case 
conditions (Voo =Min., Temperature= Max., max. WOT 
prescaler) it may take several seconds before a WOT 
time-out occurs. 
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4.4 OIC!llator Configurations 

4.4.1 .QSCiLLATOB TYPES 

The PIC1 ~84 can be operated in four different oscilla
tor optiorls. The user can program two configuration 
fuses (FOSC1 and FOSCO) to select one of these four 
modes. 

FIGURE 4.4.1 ·CRYSTAL OPERATION 

C2 

(OR CERAMIC RESONATOR) 
(HS, XT OR LP OSC 
CONFIGURATION) 

PIC16C84 

SLEEP 

14----1__._ _ _.. To internal 
logic 

Rs may be necessary in HS mode or in XT mode for AT strip
Clll crystals. See Tables 5.4.1 and 5.4.2 for racommended 
valuaa of C1, C2 8nd Rs. 

TABLE 4.4.1 • CAPACITOR SELECTION FOR 
CERAMIC RESONATORS 

Osclllator ResOnator capacitor Range 
Type Frequency C1=C2 

XT 455KHz 150·330pF 
2.0MHz 20-330 pF 
4.0MHz. 20·330.Rf" 

HS 10.0MHz 20 • 200 .J!.F 
Nola: Higher cepacitance inereases Iha stabitity of oscillator but 

also Increases Iha atart-up time. T'-valuee are for design 
guidance only. Since each reeonator hea its own character-
lalica, the user should-• Iha reeonator manufacturer for 
appropriate valuee of external compoilenlS. 

4.4.2 CRYSTAL OSCILLATOR 

In XT, HS, or LP modes a crystal or ceramic resonator 
is connected to the OSC1 and OSC2 pins to establish 
oscillation (Figure 5.4.1 ). 

FIGURE 4.4.2 • EXTERNAL CLOCK INPUT 
OPERATION (HS, XT, or LP 
OSC CONFIGURATION) 

TABLE 4.4.2 • CAPACITOR SELECTION FOR 
CRYSTAL OSCILLATOR 

Oac Freq C1 C2 
Type 

LP 32KHz 30pF 30-50 pi= 
100 KHz 15pF 15pF 
200KHz 0-15fi 0·15fi 

XT 100KHz 15 ·30pF 200·300pF 
200KHz 15 • 30 pF 100·200pF 
455KHz 15 • 30 pF 15·100 pF 
1 MHz 15 • 30 pF 15·30pF 
2MHz 15pF 15pF 
4MHz 15~F 15fi 

HS 4MHz 15pF 15pF 
10MHz 15pF 15pF 

Nola: Higher capacllance increaeee Iha stability of oeclllator but 
also increaeee Iha atart-up time. T'-valueearelordeeign 
guldenceonly. Ra may be required in HS mode aswel as XT 
mode to avoid ov811:1r1vlng crystals with low drive level specl-
ficatlon. SinCe each crystal has Ila own characteristics, Iha 
user should conautt the crYilal manufaclurer for appiopriate 
valuee of external ~81118. 
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4.4.3 RC OSCILLATOR 

For timing insensitive applications the "RC" device op
tion offers additional cost savings. The RC oscillator 
frequency is a function of the supply voltage, the resistor 
(Rext) and capacitor (Cext) values, and the operation 
temperature. In addition to this, the oscillator frequency 
will vary from unit to unit due to normal process param
eter variation. Furthermore, the difference in lead frame 
capacitance between package types will also affect the 
oscillation frequency, especially for low Cext values. 
The user also needs to take into account variation to due 
tolerance of external Rand C components used. Figure 
4.4.3 shows how the RIC combination is connected to 
the PIC16C84. For Rext values below 2.2 kOhm, the 
oscillator operation may become unstable, or stop com
pletely. For very high Rext values (e.g. 1 MOhm), the 
oscillator becomes sensitive to noise, humidity and 
leakage. Thus, we recommend to keep Rext between 3 
kOhm and 100 kOhm. 

Although the oscillator will operate with no external 
capacitor (Cext = o pF), we recommend using values 
above 20 pF for noise and stability reasons. With no or 
small external capacitance, the oscillation frequency 
can vary dramatically due to changes in external capaci
tances, such as PCB trace capacitance or package lead 
frame capacitance. 

See Section 8.0 for RC frequency vartMiori from part to 
part due to normal process variation. The,y~'ation is 
larger for larger R (since leakage cur'tenfvarlation will 
affect RC frequency more for large R) and for, llrt;l,alll'!r C 
(since variation of input capacitance will afff!Cl RP fre-
quency more). · · 

See the characteristics in Section 8.0 for variation of 
oscillator frequency due to Voe for given Rext/Cext 
values as well as frequency variation due to operating 
temperature for given R, C and Voe values; · 

In RC mode, the oscillator frequency, divided by 4, is 
2 available on the OSC2/CLKOUT pin, and can be used 

for test purposes or to synchronize other logic (see 
Figure 3.2.1 for timing). 
The WOT is cleared when the device wakes up from 
SLEEP,.regardless of the source of wake-up. 

FIGURE 5.4.3 • RC OSCILLATOR (RC 
TYPE ONLY) 

Voo 

Rex! 

OSC1 

Cext i PIC16C84 

Vss -= --1 OSC2/CLKOUT 
Fosc/4 
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4.5 Power oown MC>de (Sleep} 

The powerdown mode.is entered by executing a SLEEP 
instruction. 

If enabled, the Watchdog Timer will be cleared but keeps 
running, the bit PD in the STATUS register is cleared, the 
TO bit is set, and the oscillator driver is turned off. The 
110 ports maintain the status they had, before the SLEEP 
command was executed (driving high, low or hi-imped
ance). 

For lowest curent consumption in this mode, all 1/0 pins 
should be either at Voo, or Vss, with no external circuitry 
drawing current from the 1/0 pin. 1/0 pins that are in the 
High·Z mode should be pulled high or low externally to 
avoid switching currents caused by floating inputs. The 
RTCC input should also be at Voo or Vss for lowest 
current consumption. The contribution from on chip pull
ups on PORTB should be considered. 

The MCLR pin must be at a logic high level (VIHMC). 

It should be noted that a RESET generated by a WOT 
time out does not drive MCLR pin low. 

4.5.1 WAKE-UP FROM SLEEP 

The device can wake up from SLEEP through one of the 
following events: 

a. External reset input on MCLR pin 

b. Watchdog Timer time-out reset (ifWDTwas enabled) 

c. Interrupt from INT pin, RB port change or data 
EEPROM write completion. 

The first event will cause a device reset. The two latter 
events are considered a continuation of program execu
tion. The TO and PD bits in the STATUS register can be 
used to determine the cause of device reset. PD bit, 
which is set on power-up is cleared when SLEEP is 
invoked; TO bit iscleared if WDTtime-out occurred (and 
caused wake-up). 

When the SLEEP instruction is being executed, the next 
instruction (PC + 1) is pre-fetched. For the device to 
wake-up through an interrupt event, the corresponding 
interrupt enable bit must be set (enabled). Wake-up is 
regardlessofthestateoftheGIEbit. lftheGIEbitisclear 
(disabled), the device continues execution atthe instruc
tion after the SLEEP instruction. If the GIE bit is set 
(enabled), the device executes the instruction after the 
SLEEP instruction and the branches to the interrupt 
address (0004h). In cases where the execution of the 
instruction following SLEEP is not desirable, the user 
should have a NOP after the SLEEP instruction. 

The WOT is cleared when the device wakes-up from 
sleep, regardless of the source of wake-up. 

FIGURE 4.5.1.1 -WAKE UP FROM SLEEP THROUGH INTERRUPT 

OSC1 

!rul~lool~ rul~lool~ rul~lool~ rul~lool~ 

r---7.::-lllll!iCLD...D.Ll-!' 
CLKCJUT(4) 

INTpint-----t-----1----\--t----i-----J.-------i-----...J------i 
INTFllag 

(INTCONcb) f------!------+--...J 

GIEbltf------l------+---,_--'-----+--~ 
(INTCON<7>) Pl'OC8180rln ~-.._ ___ __, ____ _, 

SLEEP 

INSTRUCTION FLOW 

~r--~---1~~~~.~,--v--~~~~-~·~----l,--~-.-.-~--~0004h~--l---0005h~--I 

'"": { Inst (PC)• SLEEP lnsl(PC+1) lnst(PC+2) lnsl(0004h) lnst(0005h) 

'~{ -- lnst(PC-1) SLEEP lnst(PC+1) lnst(0004h) 

Nol88: 
1. XT, HSorLPOSClllatormodeassumed 
2. tost• 1024tosc(drawing not to scale). This delay will not be there lorAC oscmode. 
3. OIE • 1 assumed. In this case after wake up processor jumps to interrupt routine. 

If GIE ""0, execution will continue in Hne. 
4. ClKOUT Is nol available in these osc modes, but shown henl for timing reference. 
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4.6 Configuration Fuses 

The PIC16C84 has five configuration fuses which are 
EEPROM bits. These fuses can be programmed (reads 
'O') or left unprogrammed (reads '1 ') to select various 
device configurations. These bits are mapped in pro
gram memory location 2007h. 

The user will note that address 2007h is beyond the user 
program memory space. In fact, it belongs to the special 
tesVconfiguration memory space (2000h-3FFFh). How
ever, through a special mode, this location can be 
accessed during programming. 

See the description of fuses in Figure 4.6.1. 

4.7 ID Locations 

The PIC16C84 has four ID locations (2000h - 2003h) 
mapped in the test program memory for storing code 
revision number, manufacturing information or other 
useful information. As with the configuration word, these 
locations are readable and writable through a program
mer. They are not accessible during normal code 
execution. 

If the chip is code protected, it is recommended that the 
user uses only the lower seven bits of the ID locations 
and program the higher seven bits as 'O'. This way the 
ID locations will be readable even after code protection. 

FIGURE 4.6.1 - CONFIGURATION WORD 

13 5 4 

PIC16C84 

4.8 Code Protection 

The code in the program memory can be protected by 
blowing the code protect fuse (CP). 

When code protected, the contents of the program 
memory cannot be read out in a way that the program 
code can be reconstructed. In addition, all memory 
locations are protected against programming. 

The code protected data EEPROM can be read and 
updated by the CPU in normal operation. All EEPROM 
data memory locations can not be programmed nor can 
they be read out in normal operation (ie, programming 
modes, test modes). 

Once code protected, the CP fuse can be erased only 
through a chip erase. A chip erase will erase EEPROM 
program and data memory before erasing the code
protect fuse. Refer to PIC16C84 programming specifi
cation for details. 

4.8.1 VERIFYING A CODE-PROTECTED 
PART 

When code protected verifying any program memory 
location will read a scrambled output which looks like 
•oooooooxxxxxxx• (binary) where X is 1 or 0. To verify 
a device after code protection, follow this procedure: 

a. First, program and verify a good device without code 
protecting it. 

b. Next, blow its code protection fuse and then load its 
contents in a file. 

c. Verify any code-protected PIC16C84 againstthis file. 

EEPROM data memory can not be verified after code 
protection. The user can embed code for self testing the 
data memory in the program. 

bito 

[ -- ] CP] PWRTE j WDTE j FOSC1] FOSCO] Addr: 2007h 
l ..l 

© 1994 Microchip Technology Incorporated rP ll'®~ o mm o ITil lllill'W 
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OSC selection fuses: 

FOSC1, FOSCO: 
00: LP oscillator 

01 : XT oscillator 

10: HS oscillator 

11 : RC oscillator 

WOT enable fuses: 

WDTE = 1 : WOT enabled 

WDTE = O: WOT disabled 

Power-up timer enable fuse: 

PWRTE = 1 power-up time enabled 

PWRTE = O power-up timer disabled 

Code protection fuse: 

CP = 1 code protection off 

CP = O code protection on 

Unimplemented. Read as '1's. 
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5.0 OVERVIEW OF PERIPHERALS 

The PIC16C84 has 13 1/0 pins organized as two 1/0 
ports, PORTA (5 bit) and PORTB (8-bit). There is one 
general purpose timer/counter, TMRO which 8-bit wide 
with 8-bit programmable prescaler. It is separate from 
the Watchdog Timer. The PIC16C84 also has a 64 x 8 
EE PROM data memory accessible through an 8-bit data 
register and address register. 

FIGURE 5.1.1 • BLOCK DIAGRAM OF 
RAO • RA3 PINS 

Data 
bus 

"WR 
PORT" 

"WR 
TRIS" 

D 

CK 

__ .._..,,CK 

"RD 
PORT" 

a 

"RD 
TRIS" 

Voe 

D 

"'-CK 

Note 1: 1/0 pins have protection diodes to VDD and 
vss. 

TABLE 5.1.1 ·PORTA FUNCTIONS 

Port Pin Bit Pin Function 

RAO bitO ln2ut1ou~ut port. TTL il'lQUt levels 

RA1 bit1 IQQ_ut/outputj)Ort. TTL input levels 

RA2 bit2 IQQ_ut/ou~utJ>Ort. TTL irlQ_ut levels 

RA3 bit3 Input/output port. TTL input levels 

RA4/TOCKI bit4 Input/output port. Output is open 

5.1 f.QBIA 

PORTA is a 5-bit wide port with pins RA<4:0>. Port pins 
RA<3:0> are bidirectional whereas RA4 has a open
collector output. PortA is file register 05h. Its corre
sponding direction control register TRISA is mapped in 
page 1 of register file at address 85h. TRISA is a five
bit wide register with bits <4:0> physically implemented. 
Refer to Figures 5.1.1 and 5.1.2 for block diagrams of 
PORTA pins. 

FIGURE 5.1.2 ·BLOCK DIAGRAM OF RA4 PIN 

Data 
bus 

"RD PORT 

D a 

CK Q 
Data Latch 

D Q 

"RD 
TRISA" 

... TMRO clock input 

a 

Schmitt 
trigger 

input buffer 

D 

1.CK 

Note 1: 1/0 pins have protection diodes to VSS. 

Alternate Function 

-
-
-
-

External clock input for TMRO timer/counter 
collector type. Input is Schmitt trigger type. 

TABLE 5.1.2 • SUMMARY OF PORTA REGISTERS 

Register Name Function Address Power-on Reset Value 

PORTA PORT A pins when read 05h ---x xxxx 
PORTA latch when written 

TRISA PORTA data direction register 85h ---1 1111 

Notes: 1: x = unknown, - = unimplemented, reads as a 'O'. 

2: For reset values of registers in other reset s~uations refer to table 5.1.1. 
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5.2 PORTS 

PORTB is an 8-bit wide bidirectional port (file register 
address 06h). The corresponding data direction register 
is TRISB (address 86h). A '1' in TRISB sets the corre
sponding port pin as an input. Reading PORTB register 
reads the status of the pins whereas writing to it will write 
to the port latch. See Figures 5.2.1 and 5.2.2 for block 
diagrams of the PORTB pins. 

Each of the PORTB pins has a weak internal pull-up 
(-100 µA typical). The weak pull-up is automatically 
turned off if the port pin is configured as an output. 
Furthermore, a single control bit RBPU (OPTION<?>) 
can turn off (RBPU is set) all the pull-ups. The pull-ups 
are disabled on Power-On Reset. 

PORTB has an interrupt on change feature on four of its 
pins, RB<7:4>. When configured as input, the inputs on 
these pins are sampled and latched on the 01 cycle of 
a read. The new input is compared with the old latched 
value in every instruction cycle. An active high output is 

FIGURE 5.2.1 - BLOCK DIAGRAM OF PORT 
PINS RB<7:4> 

Set 
RBIF 

Voo 

Note: 1. Port lalcil = 1 and TRISB = 1 enables weak pul~up if 
RBPU = 0 in OPTION register. 

2. VO pins have diode protection to Voo and Vss . . 

PIC16C84 

generated on mismatch between the pin and the latch. 
The "mismatch" outputs of RB4, RB5, RB6 and RB7 are 
OR'ed together to generate the RBIF interrupt (latched 
in INTCON<O>. Any pin configured as output is ex
cluded from the comparison. This interrupt can wake the 
chip up from SLEEP. The user, in interrupt service 
routine can clear the interrupt in one of two ways: 

a) Disable the interrupt by clearing RBI E INTCON<3> 
bit. 

b) Read PORTB. This will end mismatch condition, 
then clear RBIF bit. 

This interrupt on mismatch feature, together with soft
ware configurable pull-ups on these four pins allow easy 
interface to a key pad and make it possible for wake-up 
on key-depression. 

Finally, port pin ABO is multiplexed with external inter
rupt input INT. 

FIGURE 5.2.2 • BLOCK DIAGRAM OF PORT 
PINS RB<3:0> 

RBPU 

Data bus 

"WR Port• 

"WR TRIS" 

Note: 1. DOR = 1 enables weak pull-up if RBPU = 0 in OPTION register. 
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TABLE 5.2.1 • PORTB FUNCTIONS 

Port Pin Bit Pin Function Alternate Function 

ABO/INT bitO Input/output port pin. TTL input levels and internal External interrupt input 
software programmable weak pull-up 

RB1 bit1 Input/output port pin. TTL input levels and internal -
software programmable weak pull-up 

RB2 bit2 Input/output port pin. TTL input levels and internal -
software programmable weak pull-up 

RB3 bit3 Input/output port pin. TTL input levels and internal -
software programmable weak pull-up 

RB4 bit4 Input/output port pin. TTL input levels and internal Interrupt on port change 
software programmable weak pull-up 

RBS bit5 Input/output port pin. TTL input levels and internal Interrupt on port change 
software programmable weak pull-up 

RB6 bit6 Input/output port pin. TTL input levels and internal Interrupt on port change 
software programmable weak pull-up 

RB7 bit? Input/output port pin. TTL input levels and internal Interrupt on port change 
software programmable weak pull-up 

TABLE 5.2.2 • SUMMARY OF PORTB REGISTERS 

Register Name Function Address Power-on Reset Value 

PORTS PORTS pins when read 06h xxxx xxxx 
PORTB latch when written 

TRISB PORTB data direction register 86h 1111 1111 

OPTION Weak pull-up on/off control (RBPU bit) 88h 1111 1111 
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5.3 1/0 Programming Considerations 

5.3.1 BIDIRECTIONAL l/O PORTS 

Some instructions operate internally as read followed by 
write operations. The BCF and BSF instructions, for 
example, read the entire port into the CPU, execute the 
bit operation, and re-output the result. Caution must be 
used when these instructions are applied to a port where 
one or more pins are used as input/outputs. For ex
ample, a BSF operation on bit 5 of PORTS will cause all 
eight bits of PORTS to be read into the CPU. Then the 
BSF operation takes place on bit 5 and PORTS is re
output to the output latches. If another bit of PORTS is 
used as a bidirectional 1/0 pin (say bit 0) and it is defined 
as an input at this time, the input signal present on the 
pin itself would be read into the CPU and re-written to the 
data latch of this particular pin, overwriting the previous 
content. As long as the pin stays in the input mode, no 
problem occurs. However, if bit O is switched into output 
mode later on, the content of the data latch may now be 
unknown. 

A pin actively outputting a 'O" or '1' should not be driven 
from external devices at the same time in order to 
change the level on this pin ('wired-or', 'wired-and'). 

FIGURE 5.3.1 - SUCCESSIVE 1/0 OPERATION 

PIC16C84 

The resulting high output currents may damage the chip. 

Reading the PORT register, reads the values of the 
PORT pins. Writing to the PORT register writes the value 
to the PORT latch. When using read modify write instruc
tions (ex. BCF, BSF, etc.) on a PORT, the value of the 
PORT pins is read, the desired operation is done to this 
value, and this value is then written to the PORT latch. 

Example 5-1 shows the effect of two sequential read 
modify write instructions (ex. BCF, BSF, etc.) on an 1/0 
PORT. 

EXAMPLE 5-1: READ MODIFY WRITE 
INSTRUCTIONS ON AN 1/0 
PORT 

; Initial PORT settings: PORTB<7 :4> Inputs 
PORTB<3: O> Outputs 

; PORTB<7: 6> have external pull-up and are not 
; connected to other circuitry. 

PORT latch PORT pins 
---------- ----------

BCF PORTB, 7 Olpp pppp llpp pppp 
BCF PORTB, 6 lOpp pppp llpp pppp 
BSF STATUS, RPO 
BCF TRI SB, 7 lOpp pppp llpp pppp 
BCF TRISB, 6 lOpp pppp lOpp pppp 

Note that the user may have expected the pin 
values to be OOpp pppp. The 2nd BCF caused RB7 

; to be latched as the pin value (High) . 

5.3.2 SUCCESSIVE OPERATIONS ON 110 PORTS 

The actual write to an 1/0 port happens at the end of an 
instruction cycle, whereas for reading, the data must be 
valid at the beginning of the instruction cycle (see Figure 
4.5.2.1 ). Therefore, care must be exercised if a write 
followed by a read operation is carried out on the same 
1/0 port. The sequence of instructions should be such to 
allow the pin voltage to stabilize (load dependent) before 
the next instruction which causes that file to be read into 
the CPU is executed. Otherwise, the previous state of 
that pin may be read into the CPU rather than the new 
state. When in doubt, it is better to separate these 
instructions with a NOP or an other instruction not 
accessing this 1/0 port. 

:m1~1~1~:~1~1~1~:~1~1~1~:m1~1~1~: Note: 

R; i R; ~ PC+1 ~ : PC+2 X PC+3 : 
Instruction , MOVWF PORTB , MOVF PORTB, W , 1 NOP NOP 

fetched 1 Write to PORTB Read PORTB 1 
I 

RB (7:0) I law I 
,r~~~~~-.,..~~~~~~[tDf-..,._~,~~~~~,~~~~~-

: ; Portpin : 
_.! '..-sampled here 1 

I I 

Execute 'TPD Execute 
1 MOVWF PORTB ' MOVF PORTB, W 1 

Execute 
NOP 
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This example shows write 
to PORTB followed by a 
read from PORTS. Note 
that the data setup time = 
(0.25 TCY - TPD) where 
TCY = instruction cycle. 
Therefore, at higher clock 
frequencies, write followed 
by a read may be 
problematic. 
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5.4 TIMERO (TMRQ) Module 

The TMRO module timer/counter has the following lea· 
tures: 

8·bit timer/counter 
Readable and writable (file address 01 h) 
8·bit software programmable prescaler 
Internal or external clock select 
Interrupt on overflow from FFh to OOh 
Edge select for external clock 

Figure 5.4.1 is a simplified block diagram of the TMRO 
module. 

Timer mode is selected by clearing the RTS bit 
(OPTION<5>). In timer mode, the TMRO module will 
increment every instruction cycle (without prescaler). If 
TMRO is written, increment is inhibited for the following 

FIGURE 5.4.1: TIMERO (TMRO) BLOCK DIAGRAM 

RTCC 
PIN 

fosc/4 

r 
RTE RTS 

PROGRAMMABLE 
PRESCALER 

PS2, PS1, PSO PSA 

two cycles (see Figures 5.4.2 and 5.4.3). The user can 
work around this by writing an adjusted value to the 
TMRO module. 

Counter mode is selected by setting the RTS bit 
(OPTION<5>). In this mode TMRO will increment either 
on every rising or falling edge of pin RA4fTOCKI. The 
incrementing edge is determined by control bit RTE 
(OPTION<4>). Clearing the RTE bit selects the rising 
edge. Restrictions on the external clock input is dis
cussed in detail in Section 5.4.2. 

The prescaler is shared between the TMRO module and 
the watchdog timer. The prescaler assignment is con
trolled in software by control bit, PSA (OPTION<3>). 
Clearing the PSA bit will assign the prescaler to TMRO. 
The prescaler is not readable or writable. When the 
prescaler is assigned to the TMRO module, prescale 
value of 1 :2, 1 :4, ... , 1 :256 are selectable. Section 5.4.3 
details the operation of the prescaler. 

SYNC WITH 
!INTERNAL 

CLOCKS 

(2 CYCLE DELAY) 

DATA BUS 

8 

RTCC(B) 

SETTOIF 
INTERRUPT 

ON OVERFLOW 

Notes: 1. Bits, RTE, RTS, PS2, PS1, PSO AND PSA are located in OPTION register. 
2. The prescaler is shared with Watchdog Timer (refer to Figure 7-6 for detailed diagram). 

FIGURE 5.4.2: TIMERO (TMRO) TIMING: INTERNAL CLOCK/NO PRESCALE 

PC • 01 021 en 04' 01 021 en 04' 01 021 en 04' 01 
(PROGRAM I I I I 

COUNTER) ·~ ~, PC PC+ 1 ·,, I I . rv- .. PC+? ~ PC+3 PC+4 ~ PC+5 PC+6 

INST= I MOVWF TMRO I MOVF TMAO, w I MOVF TMRO, w I MOVF TMRO, w : MOVF TMRO, w : MOVF TMAO, w I 

TMRO RT+ 1 I RT+? I NAT X NAT X NAT NRT+1 I NRT+2 C 
t ' t t t ' t 
Write TMRO 1 Read TMAO ReadTMRO ' ReadTMRO ' ReadTMRO ' ReadTMRO 
executed reads NAT reads NAT reads NAT reads NAT+ 1 readsNRT + 2 

FIGURE 5.4.3: TIMERO (TMRO) TIMING: INTERNAL CLOCK/PRESCALE 1 :2 

PC 
(PROGRAM 
COUNTER) 

•rn1m1m1~·rn1m1m1~·rn1m1m1~·rn1m1m1~•rn1m1m1~·rn1m1m1~·rn1m1m1~·rn1m1m1~· 
I I I I I I I I I 

INST= 
ec.1 I Rf l PC+1 ~ PC+? PC+3 k PC+4 PC+S I PC+6 

: MOVWFTMRO 1 MOVFTMRO,W 1 MOVFTMRO,W: MOVFTMRO,W : MOVFTMRO,W: MOVFTMAO,W: . 
TMRO Rr RT+1 I RT+? I NAT NAT x NRT+1 I NRT+2 NRT+3 c 

' t t . t . t . t . t 
WriteTMRO ReadTMRO ' ReadTMRO ReadTMRO ' ReadTMRO ' ReadTMRO 

' executed ieaclsNRT . reads NAT readsNRT + 1 ' reads NAT +2 reads NAT+ 3 . 
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5.4.1 TIMERO CTMROl INTERRUPT 

TMRO interrupt is generated when the TMRO module 
timer/counter overflows from FFh to OOh. This overflow 
sets the TOIF bit. The interrupt can be masked by 
clearing the TOIE bit (INTCON<5>). The TOIF bit 
(INTCON<2>) must be cleared in software by the TMRO 
module interrupt service routine before re-enabling this 
interrupt. The TMRO module interrupt can not wake the 
processor from SLEEP since the timer is shut off during 
SLEEP. See Figure 5.4.4 for TMRO interrupt timing. 

5.4.2 USING TMRO WITH EXTERNAL CLOCK 

When external clock input is used for TMRO, it is syn
chronized with the internal phase clocks. Therefore, the 
external clock input must meet certain requirements. 

Also, there is some delay from the occurance of the 
external clock edge to the actual incrementing of TMRO. 
Referring to Figure 5.4.5, the synchronization is done 
after the prescaler. The output of the prescaler is 
sampled twice in every instruction cycle to detect rising 
or falling edges. Therefore, it is necessary for Psour to 
be high for at least 2 tosc and low for at least 2 tosc 
where: 

tosc = oscillator time period. 

FIGURE 5.4.4: TIMERO (TMRO) INTERRUPT TIMING 

OSC1 

CLKOUJ(3) 

TOIFbit 
(INTCON <2>) 1-----....;.---I 

GIEbit !--------+------+---~ 

PIC16C84 

When no prescaler js used, Psour (Prescaler output, 
see Figure 4.2.1) is the same as TMRO clock input and 
therefore the requirements are: 

TRTH TMRO high time 2 2tosc + AT 
(See parameter #40) 

TRTL TMRO low time 2 2tosc + AT 
(See parameter #41) 

When prescaler is used, the TMRO module input is 
divided by the asynchronous ripple counter-type prescaler 
and so the prescaler output is symmetrical. 

Then: 

Psour high time= Psour low time= N •2TRT 

where 

TRT TMRO input period 

N prescale value (2, 4, ... ., 256). 

The requirement is, therefore: 

N •2TRT 2 2 tosc +AT, or TRT 2 4 lose~ 2 6.T 

where 

AT small RC delay 

(see Timing Specifications). 

The user will notice that no requirement on TMRO high 
time or low time is specified. However, if the high time 
or low time on TMRO is too small then the pulse may not 
be detected, hence a minimum high or low time of 10 ns 
is required. In summary, the TMRO module input re
quirements are: 

TRT TMRO period 2 (4 tosc + 2 AT)/N 

TRTH TMRO high time 2 AT 

TRTL TMRO low time 2 AT 

(INTCON<7>) ~----<1-------1-------1---------t 

INSTRUCTION FLOW 

Instruction{ 
fetched 

Instruction{ 
executed 

lnst(PC) 

lnst(PC·1) 

Notes: 

lnS1(PC+ 1) 

lnS1(PC) 

1. TOIF interrupt flag is sampled here (every 01) 

(Note 2) 

Dummy cycle Dummy cycle 

2. Interrupt latency= 4 Tcy where Tcy =instruction cycle time. 
3. CLKOUT is available only in RC oscillator mode. 

© 1994 Microchip Technology Incorporated ~IT'®~DITiTilDITil®IT'W 
2-561 

lnS1 (0004h) Inst (0005h) 

Dummy cycle lnS1 (0004h) 

DS30081C-page 27 

• 



PIC16C84 

Delay from external clock edge: Since the prescaler 
output is synchronized with the internal clocks, there is 
a small delay from the time the external clock edge 
occurs to the time the TMRO module is actually 
incremented. Referring to Figure 5.4.5, the reader can 
see that this delay is between 3 tosc and 7 tosc. Thus, 
for example, measuring the interval between two edges 
(e.g. period) will be accurate within ±4 tosc (±200ns@ 
20 MHz). 

5.4.3 PRESCALER 

An 8-bit counter is available as a prescaler for the TMRO 
module, or as a post-scaler for the Watchdog Timer, 
respectively(see Figure5.4.6). For simplicity, this counter 
is being referred to as 'prescaler' throughout this data 

sheet. Note that there is. only one prescaler available 
which is mutually exclusively shared between the TMRO 
module and the Watchdog Timer. Thus, a prescaler 
assignment for the TMRO module means that there is no 
prescaler for the Watchdog Timer, and vice-versa. 

The PSA and PS2-PSO bits (OPTION<3:0>) determine 
the prescaler assignment and pre-scale ratio. 

When assigned to the TMRO module, all instructions 
writing to the TMRO module (e.g. CLRF TMRO, MOVWF 

TMRO, BSF TMRO,x .•.. etc.) will clear the prescaler. 
When assigned to WOT, a CLRWDT instruction will clear 
the prescaler along with the Watchdog Timer. The 
prescaler is not readable or writable. 

FIGURE 5.4.5: TIMERO TIMING WITH EXTERNAL CLOCK 

:rn1~1~1~:rn1~1~1~:rn1~1~1~:rn1~1~1~: 
EXT CLOCK INPUT OR 1 Sr:nall pulse 1 • 

PRESCALER OUT (NOTE 2) ' misses sampling 

EXT CLOCK/PRESCALER ~ t 
OUTPUT AFTER SAMPLING 

INCREMENT TMRO (04) '-' ------'------' 

TMRO 'R R+1 R+2 
Notes: 

1. Delay from clock input change to TMRO increment is 3 lose to 7 lose. (Duration of Q =lose). 
Therefore, the error in measuring the interval between two edges on TMRO input = ± 4 lose max. 

2. External clock if no presealer selected, Presealer output otherwise. 
3. The arrows indicate the points in time where sampling occurs. 

FIGURE 5.4.6: BLOCK DIAGRAM OF THE TMRO/WDT PRESCALER 

TOCKI~ 
Pin ~ ,...) 

RTE 

Watchdog c-----i 
Timer 

WOT Enable 
EPROM Fuse 
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0 

PSA 

M 
u 
x 

RTS 

0 

MUX 

M 
u 

0 x 

PSA 

SYNC 
2 

CYCLES 

PSO-PS2 

Data Bus 

8 

TMRO 

SetTOIF 
Interrupt 

on Overflow 

WOT Note: RTE, RTS, PSA, PSO-PS2 
Time-out are bits in the OPTION register 
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5.4.4 SWITCHING PRESCALER ASSIGNMENT 

The prescaler assignment is fully under software con
trol, i.e., it can be changed 'on the fly' during program 
execution. To avoid an unintended device RESET, the 

following instruction sequence (shown in Example 5-2) 
must be executed when changing the prescaler assign
ment from TMRO to WOT. Depending on the selected 
prescaler value (lines 1 and 2) determines if lines 7 and 
8 are required: 

EXAMPLE 5-2: CHANGING PRESCALER 
(TMRO~WDT) 

1. BCF STATUS, RPO ;Bank 0 
2. CLRF TMRO ;Clear TMRO 
3. BSF STATUS, RPO ;Bank 1 
4. CLRWDT ;Clears WDT and 

prescale 
5. MOVLW B ' xxx.xlxxx ' ;Select new prescale 
6. MOVWF OPTION value 
7. BCF STATUS, RPO ;Bank 0 

TABLE 5.4.1: SUMMARY OF TMRO REGISTERS 

Register Name Function 

TMRO Timer/counter register 

OPTION Configuration and prescaler assignment 
bits for TMRO. See Figure 4-4 

PIC16C84 

Steps 1 and 2 are only required if an external TMRO 
source is used. Steps 7 and 8 are necessary only if the 
desired prescale value is '000' or '001 '. 

To change prescaler from the WOT to the TMRO module 
use the sequence shown in Example 7-3. This precau
tion must be taken even if the WOT is disabled. 

EXAMPLE 5-3: CHANGING PRESCALER 
(WDT~TMRO) 

1. CLRWDT Clear WDT and 
prescaler 

2. MOVLW B'xxxxOxxx• Select TMRO, new 
prescale value and 
clock source 

3. MOVWF OPTION 

Address Power-on Reset Value 

01h xxxx xxxx 

81h 1111 1111 

INTCON TMRO overflow interrupt flag and mask bits OBh 0000 OOOX 
See Figure 4-5 

TABLE 5.4.2: REGISTERS ASSOCIATED WITH TMRO 

Address Name Bit7 Bit6 

01 TMRO 

OB/88 INTCON 

81 OPTION 

85 TRISA 

Legend - = Unimplemented locations, Read as 'O' 
Shaded boxes are not used by TMRO module. 

Bit 5 Bit4 

© 1994 Microchip Technology Incorporated lJV [!®~ o ITiTil o ITTl®[JW 
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5.5 OPIION Register 

The OPTION register (address 81h) is a readable and 
writable register which contains various control bits to 
configure the prescaler, the external INT interrupt edge 
select, the TMRO and the weak pull-ups on PORTS. 

FIGURE 5.5.1 • OPTION REGISTER 

R/W R/W R/W R/W R/W R/W 

[ RBPii INTED~ RTsI RTEI PSAI Ps2[ PS~ Pso] 
PORVALUE: FAl RNV: Readable & writable 

0530081 C-page 30 

bitO ADDA: 81h R read onl 
_/ 

PRESCALER VALUE TMRORATE WDTRATE 

0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
1 1 
1 1 

Prescaler assignment bit: 
0 .... TM RO 

T 1 .... WD 

TMROsig naledge: 

0 1 : 2 
1 1 : 4 
0 1 : 8 
1 1 : 16 
0 1 : 32 
1 1 : 64 
0 1 : 128 
1 1 : 256 

o ..•. Inc 
1 •... Inc 

rement on low-to-high transition on RA41TOCKI pin 
rement on high-to-low transition on RA41TOCKI pin 

TMROsi gnal source: 
o •.•• lnte mat instruction cycle clock (CLKOUT) 

nsition on RA41TOCKI pin 1 .... Tra 

INT inter rupt edge select 
o .... lnte rrupt on falling edge 
1 .... lnte rrupt on rising edge 

PORTB pull-up enable 

1 
2 
4 
8 
16 
32 
64 
128 

RBPU = o : PORTB pull-ups are enabled by individual port-latch values 
RBPU = 1 : PORTB pull-ups are disabled overriding any port latch value 
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5.6 EEPROM Data Memoey 

The PIC16C84 has 64x8 EEPROM data memory which 
is readable and writable during normal operation (full 
Voo range). This memory is not directly mapped in the 
register file space. Instead it is accessed through two 
registers: EEDATA<08h> which holds the 8-bit data for 
read/write, EEADR<09h> which holds the address of 
the EEPROM location being accessed. The 64 bytes 
are in the address range Oh· 63h. Additionally, there are 
two control registers: EECON1<88h> and 
EECON2<89h>. 

The EEPROM data memory allows byte read and write. 
A byte write automatically erases the location and writes 
the new data (erase before write). The EEPROM data 
memory is rated for high erase/write cycles. The write 
time is nominally 1 o ms, and is controlled by an on-chip 
timer. The actual write-time will vary with voltage and 
temperature as well as from chip to chip. Please refer to 
AC specifications for exact limits. 

FIGURE 5.6.3.1 - EECON1 REGISTER 

u u u R/W R/W R/W R/W R/W 

EEIF WRERR WREN WR 

PIC16C84 

5.6.1 EECON1 AND EECON2 REGISTERS 

EECON1 (address 88h) is the control register with five 
low order bits physically implemented. The upper-three 
bits are non-existent and read as 'O's. 

Control bits RD and WR initiate read and write, respec· 
tively. These bits can only be set in software. They are 
reset in hardware at completion of read or write opera· 
tion. Inability to clear WR bit in software prevents 
accidental termination of a write operation prematurely. 

WREN bit, when set will allow a write operation. On 
power-up WREN = o. WRERR bit is set when a write 
operation is interrupted by MCLR reset or a WOT time
out reset during normal operation. In these situations, 
following reset the user can check for WRERR bit and 
rewrite the location. The data and address will be 
unchanged in EEDATA and EEADR registers. 

EEIF bit is the interrupt flag set when write is complete. 
It must be cleared in software. 

EECON2 is not a physical register. Reading EECON2 
will read 'O's. 

Address: 88h R/W: Readable & writable 
Reset value: OOOOxOOOb R: Read only 

Read control bit. Setting RD = 1 initiates an 
EEPROM read. Read takes one clock cycle. 
RD is cleared in hardware. RD bit can only be 
set (but not cleared) in software. 

Write control bit setting WR = 1 will initiate a 
write cycle. The bit is cleared by hardware 
once write is complete. WR bit can only be set 
(but not cleared) in software. 

EEPROM write enable bit. WREN= 0 inhibits 
write to the data EEPROM. WREN= 1 allows 
write operation. 

WRERR error flag is set if a write operation is 
prematurely terminated by a MCLR reset 
(during SLEEP or normal operation) or by a 
WOT reset during normal operation. 

EEPROM write completion interrupt flag bit. 
Set when write is completed. Must be reset in 
software. Corresponding enable bit is EEIE in 
INTCON register. 
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5.6.2 READING THE EEPROM DATA 
MEMORY 

To read a data memory location, the user must write the 
address to the EEADR register and then set control bit 
RD (EECON 1 <0> ). The data is available in the very next 
cycle in the EEDA TA register; therefore it can be read in 
the next instruction. EEDATA will hold this value until 
another read or until it is written to by the user (during a 
write operation). 

5.6.3 WRITING TO THE EEPROM DATA 
MEMORY 

To write an EEPROM data location, the user must first 
write the address to EEADR register and the data to the 
EEDATA register. Then the user must follow a specific 
sequence to initiate write: 

movlw 55h 
movwf EECON2 
movlw AAh 
movwf EECON2 
bsf EECONl,WR ;set WR bit 

;begin write 

Write will not initiate if this sequence (write 55h to 
EECON2, write AAh to EECON2, then set WR bit) is not 
followed with exact timing. The user must disable 
interrupts during this code segment. 

Additionally WREN bit in EECON1 must be set to enable 
write. This mechanism is to prevent accidental writes to 
data EEPROM due to errant (unexpected) code execu
tion i.e. lost programs. The user is recommended to 
keep WREN off at all times except when updating 
EEPROM. Furthermore, the code segments that en
ables WREN and initiates write should be kept at sepa
rate locations to prevent accidental execution of both of 
them in the event of a software malfunction. 

At the end of the write, the WR bit is cleared in hardware 
and the EE write complete interrupt flag is set (bit EEIF). 
The user can either enable this interrupt or poll this bit. 
EEIF must be cleared in software. 

TABLE 5.6.2 - SUMMARY OF EEPROM REGISTERS 

R1!9_ister Name Function 

EEDATA EEPROM data r~ster 

EEADR EEPROM address r~ster 

EECON1 EEPROM control r~ster1 

EECON2 EEPROM control register2 

5.6.4 PROTECTION AGAINST SPURIOUS 

WBIIE 
Various mechanisms are built in to prevent spurious 
EEPROM write. On power-up WREN is cleared. Also, 
the power-up timer (72ms duration) prevents EEPROM 
write. 

The write initiate sequence and the WREN bit together 
help prevent an accidental write during brown-out or 
power glitch or software malfunction. 

Address Power-on-Reset Value 

OBh xxxx xxxx 
09h xxxx xxxx 
BBh 0000 xooo 
89h -
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6.0 PROGRAMMING THE PIC16C84 

The PIC1SCXX microcontrollers can be serially pro
grammed while in the end application circuit. This is 
simply done with two lines for clock and date and three 
other lines for power, ground and programming voltage. 
This allows customers to manufacture boards with un
p rog rammed devices, and then program the 
microcontroller just before shipping the product. This 
allows the most recent firmware or a custom firmware to 
be programmed. 

The device is placed into a program/verify mode by 
holding the RBS and RB7 pins low while raising the 
MCLR (vpp) pin from Vil to Vihh. RBS becomes the 
programming clock and RB7 becomes the programming 
data. Both RBS and RB7 are schmidt trigger inputs in 
this mode. 

After reset, to place the device into programming/verify 
mode, the program counter (PC) is at location OOh. A 
S-bit command is then supplied to the device. Depend
ing on the command, 14-bits of program date are then 
supplied to or from the device, depending if the com
mand was a load or a read. For complete details of serial 
programming, please refer to the PIC1 SCXX Program
ming Specifications (Literature #0830189). 

A typical in-system serial programming connection is 
shown in Figure S-1. 

PIC16C84 

FIGURE 6.1: TYPICAL IN-SYSTEM SERIAL 
PROGRAMMING 
CONNECTION 

External I 

Connector I 
I 

Signals I 

+5V 

ov 

VPP j_ 

CLK j_ 

Oata 1/0 _[_ 

To Normal 
C ecf onn IOnS 

l 
.,. 

:t 
To Normal 

Connections 

PIC16CXX 

Voe 

Vss 
--
MCLANPP 

RB6 

RB7 
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7.0 INSTRUCTION SET SUMMARY 

Each PIC16CXX instruction is a 14-bit word divided into 
an OPCODE which specifies the instruction type and 
one or more operands which further specify the opera
tion of the instruction. The PIC16CXX instruction set 
summary in Table 7-2 lists byte-oriented, bit-oriented, 
and literal and control operations. Table 7-1 shows the 
opcode field descriptions. 

For byte-oriented instructions, 'f' represents a file regis
ter designator and 'd' represents a destination designa
tor. The file register designator specifies which file 
register is to be utilized by the instruction. 

The destination designator specifies where the result of 
the operation is to be placed. If "d' is zero, the result is 
placed in the W register. If "d" is one, the result is placed 
in the file register specified in the instruction. 

For bit-oriented instructions, "b' represents a bit field 
designator which selects the number of the bit affected 
by the operation, while "f" represents the number of the 
file in which the bit is located. 

For literal and control operations, 'k' represents an 8- or 
11-bit constant or literal value. 

TABLE 7.1: OPCODE FIELD 
DESCRIPTIONS 

Field Description 

f Rfill_ister file address_iOxOO to Ox7F) 
w Working register (accumulate~ 
b Bit address within an 8 bit file reaister 
k Literal field constant data or label 
x Don't care location(= O or 1) 

The assembler will generate code with x = 
0. It is the recommended form of use for 
com..Q.atibili1'.L with all software tools. 

d Destination select; d = O: store result in W, 
d = 1: store result in file register f. 
Default is d - 1 

.J..a.beJ. I :ih<>ln:im<> 

TOS Top of Stack 
PC Program Counter 

PCLATH Pro_Qfam Counter Hjg_h Latch 
GIE Global Interrupt Enable Bit 
WDT Watchdqg_ Timer Counter 
TO Time-out Bit 
PD Power-down Bit 

dest Destination either the W register or the 
~ecified rfill_ister file location 

[ 1 Options 
( ) Contents 
-? Assigned to 

< > R~ster bit field 
E In the set of 

italic:!'_ User defined term 

The instruction set is highly orthogonal and is grouped 
into three basic categories: 

• Byte oriented operations 
• Bit oriented operations 
• Literal and control operations 

All instructions are executed within one single instruc
tion cycle, unless a conditional test is true or the program 
counter is changed as a result of an instruction. In this 
case, the execution takes two instruction cycles with the 
second cycle executed as a NOP. One instruction cycle 
consists of four oscillator periods. Thus, for an oscillator 
frequency of 4 MHz, the normal instruction execution 
time is 1 µsec. If a conditional test is true or the program 
counter is changed as a result of an instruction, the 
instruction execution time is 2 µsec. 

Table 7-2 lists the instructions recognized by the MPASM 
assembler. 

Figure 7-1 shows the three general formats that the 
instructions can have. 

All examples use the following format to represent a 
hexidecimal number: 

Oxhh 

where h signifies a hexidecimal digit. 

FIGURE 7.1: GENERAL FORMAT FOR 
INSTRUCTIONS 

Byte-oriented file register operations 
13 8 7 6 0 

OPCODE I d I !(FILE#) 
d = o for destination W 
d = 1 for destination I 
I= 7-bit file register address 

Bit-oriented file register operations 

13 10 9 7 6 0 

I OPCODE I b(BIT #) I !(FILE #) 
b = 3-bit bit address 
I = 7-bit file register address 

Literal and control operations 

13 8 7 0 

I OPCODE I k (LITERAL) 
k = 8-bit immediate value. 
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TABLE 7 .2: INSTRUCTION SET 

Mnemonic, Description Cycles 14-Blt OJ!!:ode Status Notes 
Operands msb lsb Affected 

BYTE-ORIENTED FILE REGISTER OPERATIONS 

ADDWF f, d Add Wand I 1 00 0111 dfff ffff C, DC,Z 1, 2 
ANDWF f, d AND Wand I 1 00 0101 dfff ffff z 1, 2 
CLRF f Clear! 1 00 0001 lfff ffff z 2 
CLRW - Clearw 1 00 0001 Oxxx xxxx z 
COMF f, d Complement I 1 00 1001 dfff ffff z 1, 2 
DECF f, d Decrement I 1 00 0011 dfff ffff z 1, 2 
DECFSZ f, d Decrement I, Skip if 0 1 (2) 00 1011 dfff ffff 1, 2, 3 
INCF f, d Increment I 1 00 1010 dfff ffff z 1, 2 
INCFSZ f, d Increment I, Skip if 0 1 (2) 00 1111 dfff ffff 1, 2, 3 
IORWF f, d Inclusive OR Wand I 1 00 0100 dfff ffff z 1, 2 
MOVF f, d Move! 1 00 1000 dfff ffff z 1, 2 
MOVWF f MoveWtof 1 00 0000 lfff ffff 
NOP - No Operation 1 00 0000 OxxO 0000 
RLF f, d Rotate left I through carry 1 00 1101 dfff ffff c 1, 2 
RRF f, d Rotate right I through carry 1 00 1100 dfff ffff c 1, 2 
SUBWF f, d Subtract W from I 1 00 0010 dfff ffff C, DC,Z 1, 2 
SWAPF f, d Swap halves f 1 00 1110 dfff ffff 1, 2 
XORWF f, d Exclusive OR W and I 1 00 0110 dfff ffff z 1, 2 

BIT-ORIENTED FILE REGISTER OPERATIONS 

BCF I, b Bit Clear I 1 01 OObb bfff ffff 1, 2 
BSF I, b Bit Set f 1 01 Olbb bfff ffff 1, 2 
BTFSC f, b Bit Test I, Skip if Clear 1 (2) 01 lObb bfff ffff 3 
BTFSS f, b Bit Test I, Skip if Set 1 (2) 01 llbb bfff ffff 3 

LITERAL AND CONTROL OPERATIONS 

ADDLW k Add literal to W 1 11 lllx kkkk kkkk C, DC,Z 
ANDLW k AND literal to W 1 11 1001 kkkk kkkk z 
CALL k Call subroutine 2 10 Okkk kkkk kkkk 

--
CLRWDT - Clear watchdog timer 1 00 0000 0110 0100 TO, PD 
GOTO k Go to address 2 10 lkkk kkkk kkkk 
IORLW k Inclusive OR literal to W 1 11 1000 kkkk kkkk z 
MOVLW k Move literal to W 1 11 OOxx kkkk kkkk 
RETFIE - Return from interrupt 2 00 0000 0000 1001 
RETLW k Return with literal in W 2 11 Olxx kkkk kkkk 
RETURN - Return from subroutine 2 00 0000 0000 1000 

--
SLEEP - Go into standby mode 1 00 0000 0110 0011 TO,PD 
SUBLW k Subtract W from literal 1 11 llOx kkkk kkkk C, DC,Z 
XORLW k Exel. OR literal to W 1 11 1010 kkkk kkkk z 

Notes: 1. When an 1/0 register is modified as a function of itself (e.g. MOVF PORTB, 1), the value used will be that value present on 
the pins themselves. For example, if the data latch is "1" for a pin configured as input and is driven low by an external device, 
the data will be written back with a 'O'. 

2. If this instruction is executed on the TMRO register (and, where applicable, d=1 ), the prescaler will be cleared if assigned to 
theTMRO. 

3. If Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The second cycle is 
executed as a NOP. 
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7.1 Instruction Descriptions 

ADDLW 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

ADDWF 

Syntax: 

Add Literal to W 

[label] ADDLW k 

Osks255 

(W)+k~W 

C,DC,Z 

I 11 I lllX I kkkk I kkkk 

The contents of the W register are 
added to the 8-bit literal "k" and the 
result is placed in the W register. 

1 

ADDLW Ox15 

Before Instruction 
W = Ox10 

After Instruction 
W = Ox25 

ADDWtof 

[label] ADDWF f,d 

Operands: Os f s 127 
d E [0,1] 

Operation: (W) + (f) ~ (des!) 

Status Affected: C, DC, Z 
Encoding: j~o_o_j_o_11_1_j _d_f_f_f _j _f-ff_f_ 

Description: 

Words: 

Cycles: 

Example: 

Add the contents of the W register to 
register T. If "d" is o the result is 
stored in the W register. If "d" is 1 the 
result is stored back in register "f". 

1 

1 

ADDWF FSR, 0 

Before Instruction 
W = Ox17 
FSR = OxC2 

After Instruction 
W OxD9 
FSR = OxC2 

ANDLW AND Literal and W 

Syntax: 

Operands: 

[label] ANDLW k 

osks255 

Operation: (W) .AND. (k) ~ W 

Status Affected: Z 
~~~~~~~~~~~-

Encoding: I 11 j 1001 I kkkk I kkkk 

Description: 

Words: 

Cycles: 

Example: 

ANDWF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

The contents of W register are AND'ed 
with the 8-bit literal "k". The result is 
placed in the W register. 

1 

1 

ANDLW Ox5F 

Before Instruction 
W = OxA3 

After Instruction 
W = Ox03 

ANDWwithf 

[label] ANDWF f,d 

osfs127 
d E [0,1] 

(W) .AND. (I) ~ dest 

z 
I oo I 0101 I dfffl ffff 

AND the W register with register T. If 
"d" is O the result is stored in the W 
register. If "d" is 1 the result is stored 
back in register T. 

ANDWF FSR, 1 

Before Instruction 
W = Ox17 
FSR = OxC2 

After Instruction 
W Ox17 
FSR = Ox02 
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BCF 

Syntax: 

Operands: 

Bit Clear f 

[label] BCF 

0$f$127 
0$b$7 

f,b 

Operation: O -+ kb> 

Status Affected: None 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

BSF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

I 01 I OObb I bf ff I ff ff 

Bit "b" in register "I" is reset to 0. 

1 

BCF FLAG_REG, 7 

Before Instruction 
FLAG_REG = OxC7 

After Instruction 
FLAG_REG = Ox47 

Bit Set f 

[label] BSF f,b 

0$f$127 
0$b$7 

1 .-+kb> 

None 

01 I Olbb I bf ff I ffff 
Bit "b" in register "I" is set to 1. 

BSF FLAG_REG, 7 

Before Instruction 
FLAG_REG = OxOA 

After Instruction 
FLAG_REG = Ox8A 

PIC16C84 

BTFSC Bit Test. skip if Clear 

Syntax: [label] BTFSC f,b 

Operands: O,,; f,,; 127 
0$b$7 

Operation: skip if (kb>)= O 

Status Affected: None 
Encoding: .----o-1__,l_1_0_bb---.--I _b_f_f_f""Tl _f_f_ff__, 

Description: 

Words: 

Cycles: 

Example: 

BTFSS 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

If bit 'b' in register 'f is 'O' then the next 
instruction is skipped. 

If bit 'b' is 'O', the next instruction, 
fetched during the current instruction 
execution, is discarded and a NOP is 
executed instead making this a two
cycle instruction. 

1(2) 

HERE BTFSC FLAG,l 
FALSE GOTO 
TRUE 

Before Instruction 

PROCESS_ CODE 

PC = address HERE 

After Instruction 
if FLAG<1> = 0, PC= address TRUE 

if FLAG<1> = 1, PC= address FALSE 

Bit Test. skip if Set 

[label] BTFSS f,b 

0$f$127 
0$b$7 

skip if (kb>) = 1 

None 

01 I 11bbl bfff I ffff 
If bit "b" in register "I" is "1" then the 
next instruction is skipped. 

If bit "'b' is "O', the next instruction, 
fetched during the current instruction 
execution, is discarded and a NOP is 
executed instead making this a two
cycle instruction. 

1 

1 (2) 

HERE BTFSC FLAG,l 

FALSE GOTO PROCESS_CODE 
TRUE 

Before Instruction 
PC = address HERE 

After Instruction 
if FLAG<1> = 0, PC= address FALSE 

if FLAG<1> = 1,PC =address TRUE 
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CALL Subroutine Call 

Syntax: [ label] CALL k 

Operands: 0SkS2048 

Operation: (PC) + 1 ~ TOS, 
k ~ PC<10:0>, 
(PCLATH<4:3>) ~ PC<12:11>; 

Status Affected: None 
Encoding: ... , -1-o~l-ok_k_k...,,-kk_k_k...,,-k-k-kk--.... 

Description: 

Words: 

Cycles: 

Example: 

CLRF 

Syntax: 

Operands: 

Operation: 

Subroutine call. First, return address 
(PC+ 1) is pushed onto the stack. The 
11-bit immediate address is loaded 
into PC bits <10:0>. The upper bits of 
the PC are loaded from PCLA TH (f03). 
CALL is a two-cycle instruction. 

2 

HERE CALL THERE 

Before Instruction 
PC = Address HERE 

After Instruction 
PC = Address THERE 

TOS = Address HERE 

Clear f 

[ label] CLRF 

osfs 121 

OOh~f 

1~Z 

Status Affected: Z 
Encoding: ... , -0-0---.,.-0 0_0_1...,l_1_f f-f...,,.---f-f f-f-1 

Description: 

Words: 

Cycles: 

Example: 

The contents of register "f' are cleared 
and the Z bit is set. 

CLRF FLAG_REG 

Before Instruction 
FLAG_REG = Ox5A 

After Instruction 
FLAG_REG = OxOO 
Z=1 

CLAW 

Syntax: 

Operands: 

Operation: 

Clear W Register 

[ label] CLAW 

None 

OOh~(W) 

1 ~z 

Status Affected: Z 
Encoding: ... , -0-0---.,.l-00_0_1...,l-ox_xx_l.---xx_xx__,I 

Description: 

Words: 

Cycles: 

W registered is cleared. Zero bit (Z) is 
set. 

Example: CLRW 

CLRWDT 

Syntax: 

Operands: 

Operation: 

Before Instruction 
W = Ox5A 

After Instruction 
W OxOO 
z = 1 

Clear Watchdog Timer 

[ label] CLRWDT 

None 

OOh ~WOT, 
0 ~WOT prescaler, 

1 ~TO 

1 ~PD 

Status Affected: TO , PD 
Encoding: r-1 -o-o--....l-o-oo-o....,l,--0-11-0-.-I -0-1-00---,I 

Description: 

Words: 

Cycles: 

Example: 

CLRWDT instruction resets the 
Watchdog Timer. It also resets the 
prescaler of the WOT. Status bits TO 
and PD are set. 

CLRWDT 

Before Instruction 
WOT counter = ? 

After Instruction 
WOT counter = OxOO 
WOT prescale = O 

TO =0 
PD =0 
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COMF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

DECF 

Syntax: 

Operands: 

Complement f 

[label] COMF f,d 

o:;;f:;; 127 
d E (0,1] 

(f) -+ ( dest) 

z 
I oo I 1001 I dfff I ffff I 
The contents of registerT are comple
mented. If "r!' is O the result is stored 
in W. If "d" is 1 the result is stored back 
in register T. 

COMF REGl, 0 

Before Instruction 
REG1 = Ox13 

After Instruction 
REG1 = Ox13 
W = OxEC 

Decrement f 

[label] DECF f,d 

O:;;f:;; 127 
de (0,1] 

Operation: (f)-1 -+ ( dest) 

Status Affected: Z 
Encoding: ...-I -0-0--.l-00_1_1.,lr-d-ff-f-.--I -f-ff_f.,I 

Description: 

Words: 

Cycles: 

Example: 

Decrement register T. If "d" is O the 
result is stored in the W register. If "d" 
is 1 the result is stored back in register 
T. 

DECF CNT, 1 

Before Instruction 
CNT = Ox01 
z = 0 

After Instruction 
CNT = OxOO 
z = 1 

DECFSZ 

Syntax: 

Operands: 

PIC16C84 

Decrement f. skip if O 

[label] DECFSZ f,d 

o:;;f:;; 121 
d E (0,1) 

Operation: (f) - 1 -+ d; skip if result = O 

Status Affected: None 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

GOTO 

Syntax: 

Operands: 

Operation: 

I oo 1011 I dfff I ffff I 
The contents of register Tare decre
mented. If "r!' is O the result is placed 
in the W register. If "r!' is 1 the result 
is placed back in register T. 

If the result is 0, the next instruction, 
which is already fetched, is discarded. 
A NOP is executed instead making it 
a two-cycle instruction. 

1 

1 (2) 

HERE DECFSZ 
GOTO 

CONTINUE • 

Before Instruction 

CNT, 1 
LOOP 

PC = address HERE 
After Instruction 

CNT=CNT-1 
H CNT = 0, PC = address CONTINUE 
H CNT ~ 0, PC = address HERE + l 

Unconditional Branch 

[label] GOTO k 

O:>;k:>;2048 

k-+ PC<10:0>, 
(PCLATH<4:3>)-+ PC<12:11> 

Status Affected: None 
Encoding: ...-1 -1-o~l-1_k_k_k~l-k_k_kk~lr-kk-kk~I 

Description: 

Words: 

Cycles: 

Example: 

GOTO is an unconditional branch. 
The eleven bit immediate value is 
loaded into PC bits <10:0>. The up
per bits of PC are loaded from 
PCLATH <4:3>. GOTO is a two
cycle instruction. 

1 

2 

GOTO THERE 

After Instruction 
PC = Address of THERE 
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INCF lncrementf 

Syntax: [label] INCF f,d 

Operands: osfs 121 
d E (0,1] 

Operation: (f) + 1 ~ (dest) 

Status Affected: Z 
Encoding: ..... , -0-0---rl-10-1-0....,l...--d-f f-f-.-1 f_f_f_f--. 

Description: 

Words: 

Cycles: 

Example: 

INCFsz 

Syntax: 

Operands: 

The contents of register T are incre
mented. If •er is o the result is placed 
in the W register. If ·er is 1 the result 
is placed back in register T. 

1 

INCF CNT, 1 

Before Instruction 
CNT = OxFF 
z = 0 

After Instruction 
CNT = OxOO 
z = 1 

Increment f. skip if O 

[label] INCFSZ f,d 

Osfs 127 
de [0,1] 

Operation: (f) + 1 ~ (dest), skip if result= O 

Status Affected: None 
Encoding: ~, -o-o--.1-. _11_1_1_,l...--d-ff-f-.-I -f-f-ff--.1 

Description: 

Words: 

Cycles: 

Example: 

The contents of register Tare incre· 
mented. If "d" is O the result is placed 
in the W register. If "d" is 1 the result 
is placed back in register T. 

If the result is o, the next instruction, 
which is already fetched, is discarded. 
A NOP is executed instead making it 
a two-cycle instruction. 

1 

1 (2) 

HERE INCFSZ 

GOTO 
CONTINUE • 

Before Instruction 
PC = address HERE 

After Instruction 
CNT=CNT+1 

CNT, 1 

LOOP 

if CNT = 0, PC = address CONTINUE 
if CNT ¢ 0, PC = address HERE + l 

IORLW 

Syntax: 

Operands: 

Inclusive OR Literal with W 

[label] IORLW k 

0SkS255 

Operation: (W) .OR. (k) ~ (W) 

Status Affected: Z 
Encoding: ,...., _1_1__,l_1_0_0_0 ..,l_k_k_k_k....,,...--kk_k_k-,1 

Description: 

Words: 

Cycles: 

Example: 

IORWF 

Syntax: 

The contents of the W register are 
OR'ed with the 8-bit literal "k". The 
result is placed in the W register. 

1 

IORLW Ox35 

Before Instruction 
W = Ox9A 

After Instruction 
W = OxBF 

Inclusive OR W with f 

[label] IORWF f,d 

Operands: o sf s 127 
d E [0,1] 

Operation: (W) .OR. (f) ~ (dest) 

Status Affected: Z 
Encoding: ..... , -0-0---rl-01_0_0-,l-d-ff-f....,l...--f-ff_f_I 

Description: 

Words: 

Cycles: 

Example: 

Inclusive OR the W register with reg
ister "f". If "d" is O the result is stored 
in the W register. If "d" is 1 the result 
is stored back in register T. 

IORWF RESULT, 0 

Before Instruction 
RESULT= Ox13 
W = Ox91 

After Instruction 
RESULT = Ox13 
W = Ox93 

DS30081C-page 40 IP IF~~ ~m ~ IT11~11ryi C 1994 Microchip Technology Inc. 

2-574 



MOVLW Move Ljteral to W 

Syntax: [label] MOVLW k 

Operands: O s; k s; 255 

Operation: k ~ (W) 

Status Affected: None 
Encoding: ~I -1-1~1-o_o_xx~l-kkk-k~l-kkk-k~I 

Description: 

Words: 

Cycles: 

Example: 

MOVF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

The 8-bit literal "k" is loaded into W 
register. 

1 

MOVLW OxSA 

After Instruction 
W = Ox5A 

Movef 

[label] MOVF 

Qs;fs; 127 
de [0,1] 

(f) ~ (dest) 

z 
I 00 I 1000 I 

f,d 

dfff I ffff I 
The contents of register f is moved to 
destination d. If d=O, destination is W 
register. If d = 1, the destination is file 
register f itself. d = 1 is useful to test 
a file register since status flag Z is 
affected. 

MOVF FSR, 0 

After Instruction 
W = value in FSA register 

MOVWF 

Syntax: 

Operands: 

PIC16C84 

MoveWtof 

[ label] MOVWF 

Qs;fs;127 

Operation: (W) ~ (f) 

Status Affected: None 
Encoding: ,...I -o-o__,.l-0-00-0..,.l-1-ff-f-.l,,_f-f-f-f-. 

Description: 

Words: 

Cycles: 

Example: 

NQP 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: I 
Description: 

Words: 

Cycles: 

Example: 

Move data from W register to register 
"f'. 

MOVWF OPTION 

Before Instruction 
OPTION = OxFF 
W Ox4F 

After Instruction 
OPTION Ox4F 
W = Ox4F 

Ng Qe!!:!llS!!l 

[label] NOP 

None 

No operation 

None 

00 I 00001 oxxo 1 
No operation 

1 

NOP 

ooool 
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RETEIE 

Syntax: 

Operands: 

Operation: 

Return from Interrupt 

[label] RETFIE 

None 

TOS-+ PC, 
1-+ GIE; 

Status Affected: None 
Encoding: ,..I -o-o__,.l-oo_o_o--.l-oo-o-o....,lr--1-00-1....,I 

Description: 

Words: 

Return from Interrupt. Stack is 
popped and Top of the Stack (TOS) 
is loaded in PC. Interrupts are en
abled by setting the GIE bit. GIE is 
the global interrupt enable bit (IN
TCON<7>). This is a two-cycle 
instruction. 

Cycles: 2 

Example: RETFIE 

After Interrupt 
PC = TOS 
GIE = 1 

RETLW Return Literal to W 

Syntax: [label] RETLW k 

Operands: O s k s 255 

Operation: k -+ W; TOS -+ PC; 

Status Affected: None 
Encoding: ..-1 _1_1__,..l -o-1xx-...-l -k_kk_k--.-l -k-kk_k_,I 

Description: 

Words: 

Cycles: 

Example: 

The W register is loaded with the 8-
bit literal "k". The program counter is 
loaded from the top of the stack (the 
return address). This is a two-cycle 
instruction. 

2 

CALL TABLE ; W contains table offset 
; value 

TABLE ADDWF PC 
RETLW kl 
RETLW k2 

. 
RETLW kn 

RETURN 

Syntax: 

Operands: 

; W now has table value 

; W = offset 
; Begin table 

; End of table 

Before Instruction 
W = Ox07 

After Instruction 
W = value of k7 

Return from Subroutine 

[label] RETURN 

None 

Operation: TOS -+ PC; 

Status Affected: None 
Encoding: r-l _o_o-rl -o_o_o_o -r--00_0_0-,.-1-0_0_0...., 

Description: 

Words: 

Cycles: 

Example: 

Return from subroutine. The stack is 
popped and the top of the stack (TOS) 
is loaded into the program counter. 
This is a two-cycle instruction. 

2 

RETURN 

After Interrupt 
PC = TOS 
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RLF Rotate Left f through Carry 

Syntax: [label] RLF 

Operands: Os f s 127 
d E [0,1) 

f,d 

Operation: f<n>-+ d<n+1>, f<7>-+ C, C -+ 
d<O>; 

Status Affected: C 
Encoding: l.----0-0--..-1-1_0_1....,l-df_f_f....,l-ff_f_f..,I 

Description: The contents of registerT are rotated 
1-bitto the left through the Carry Flag. 
If •er is O the result is placed in the W 
register. If "d' is 1 the result is stored 
back in register T. 

Words: 

Cycles: 

Example: 

RRF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

@ register f h 

RLF REGl,0 

Before Instruction 
REG1 = 11100110 
c = 0 

After Instruction 
REG1 = 11100110 
w = 11001100 
c = 1 

Rotate Right f through Carrv 

[label] RRF f,d 

Ost S 127 
d E (0,1) 

f<n> -+ d<n-1>, 
f<O> -+ C, 
C-+ d<7>; 

c 
I 00 I 1100 I dfff I ffff I 

Description: The contents of registerT are rotated 
1-bit to the right through the Carry 
Flag. If •er is o the result is placed in 
the W register. If "d" is 1 the result is 
placed back in register T. 

Words: 

Cycles: 

Example: 

@ registerf b 

RRF REGl,0 
Before Instruction 

REG1 = 11100110 
c = 0 

After Instruction 
REG1 11100110 
w 01110011 
c 1 

PIC16C84 

SLEEP 

Syntax: [label] SLEEP 

Operands: None 

Operation: OOh -+ WOT, 
O -+ WOT prescaler 
1-+ IQ, 
0-+PD 

Status Affected: TO, PD 
Encoding: ,...I _o_o_l.--o-o o-o--..-o-1_1_0....,...-0-0-11--. 

Description: The power down status bit (PD) is • 
cleared. Time-out status bit (TO) is 
set. Watchdog Timer and its pres-
caler are cleared. 

Words: 

Cycles: 

Example: 

SUBLW 

Syntax: 

Operands: 

The processor is put into SLEEP mode 
with the oscillator stopped. See sec
tion on SLEEP mode for more details. 

SLEEP 

Subtract W from L!Jeml 

[label] SUBLW k 

0SkS255 

Operation: k - (W) -+ (W) 

Status Affected: C, DC, Z 
Encoding: ,...I -1-1~l-1_1_o_x ..... l_k_k_k_k_,1.-kkk--k...,I 

Description: 

Words: 
Cycles: 

Example 1: 

Example2: 

The W register is subtracted (two's 
complement method) from the 8-bit 
literal "k". The result is placed in the W 
register. 

SUBLW 0X02 
Before Instruction 

w = 1 
c = ? 

After Instruction 
w = 1 
C = 1 ; result is positive 

Before Instruction 
w = 3 
c = ? 

After Instruction 
W FF 
C = O ; result is negative 
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SUBWF Subtract W from f 

Syntax: [ /abe/] SUBWF f,d 

Operands: Os; f s; 127 
de [0,1] 

Operation: (f)-(W) -+ ( dest) 

Status Affected: C, DC, Z 
Encoding: ~, -o-o~,-0-01_0_, ~,-d_f_f_f ~,-f-ff-f~ 

Description: 

Words: 

Cycles: 

Example 1: 

Example 2: 

SWAPF 

Syntax: 

Operands: 

Operation: 

Subtract (two's complement method) 
the W register from register "f'. If "d" 
is O the result is stored in the W 
register. If "d" is 1 the result is stored 
back in register "f'. 

1 

SUBWF REGl,l 
Before Instruction 

REG1 =0 
W=1 
C=? 

After Instruction 
REG1 =FF 
W=1 
C = O ; result is negative 

Before Instruction 
REG1 =FF 
W=O 
C=? 

After Instruction 
REG1 =FF 
W=O 
C = 1 ; result is positive 

Swapf 

[label] SWAPF f,d 

0 s; f s; 127 
d E (0,1) 

f<0:3> -+ d<4:7>; 
f<4:7> -+ d<0:,3>; 

Status Affected: None 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

I oo I 1110 I dfff I ffff I 
The upper and lower nibbles of regis
ter "f' are exchanged. If "d" is o the 
result is placed in W register. If "d" is 
1 the result is placed in register "f'. 

1 

SWAPF REG, 0 

Before Instruction 
REG = OxA5 

After Instruction 
REG = OxA5 
W = Ox5A 

XORLW 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 
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Exclusive OR literal with W 

[ /abe/] XORLW k 

0SkS255 

(W) .XOR. k -+ (W) 

z 
I 11 I 1010 I kkkk 

The contents of the W register are 
XOR'ed with the 8-bit literal "k". The 
result is placed in the W register. 

1 

XORLW OxAF 

Before Instruction 
W = OxB5 

After Instruction 
W = Ox1A 
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XORWF Exclusive OR W with f 

Syntax: [ label] XORWF f,d 

Operands: o ~ f ~ 128 
d E (0,1] 

Operation: (W) .XOR. (f) ~ (dest) 

Status Affected Z 
Encoding: ~I -0-o~l-0_1_1_0~1-d_f_f_f_l~f-f f-f~I 

Description: 

Words: 

Cycles: 

Example: 

Exclusive OR the contents of the W 
register with register T. If "d" is O the 
result is stored in the W register. If "d" 
is 1 the result is stored back in register 
T. 

XORWF REG, 1 

Before Instruction 
REG = OxAF 
W = OxB5 

After Instruction 
REG Ox1A 
W = OxB5 
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8.0 DEVELOPMENT SUPPORT 

8.1 Development Tools 

The PIC16C5X and PIC16CXX microcontrollers are 
supported with a full range of hardware and software 
development tools: 

• PICMASTER™ Real-Time In-Circuit Emulator 
• PRO MATE™ Universal Programmer 
• PICSTART™ Low-Cost Prototype Programmer 
• Assembler 
• Software Simulator 

8.2 PICMASTER™: High Performance 
Universal In-Circuit Emulator 

The PICMASTER Universal In-Circuit Emulator is in
tended to provide the product development engineer 
with a complete microcontroller design tool set for all 
microcontrollers in the PIC16C5X, PIC16CXX and 
PIC17CXX families. 

Interchangeable target probes allow the system to be 
easily reconfigured for emulation of different proces
sors. The universal architecture of the PICMASTER 
allows expansion to support all new PIC16C5X, 
PIC16CXX and PIC17CXX microcontrollers. 

The Emulator System is designed to operate on PC 
compatible machines ranging from 80286-AT™ class 
ISA-bus systems through the new 80486 EISA-bus 
machines. The development software runs in the 
Microsoft Window~ 3.1 environment, allowing the op
erator access to a wide range of supporting software and 
accessories. 

The PICMASTER has been designed as a real-time 
emulation system with advanced features generally 
found on more expensive development tools. The AT 
platform and Windows 3.1 environment was chosen to 
best make these features available to you, the end user. 

The PICMASTER Emulator Universal System consists 
primarily of four major components: 

• Host-Interface Card 

• Emulator Control Pod 
• Target-Specific Emulator Probe 
• PC Host Emulation Control Software 

The Windows 3.1 System is a multitasking operating 
system which will allow the developer to take full advan
tage of the many powerful features and functions of the 
PICMASTER system. 

PICMASTER emulation can operate in one window, 
while a text editor is running in a second window. 

Dynamic Data Exchange (ODE), a feature of Windows 
3.1, will be available in this and future versions of the 
software. DOE allows data to be dynamically transferred 
between two or more Windows programs. With this 
feature, data collected with PICMASTER can be auto
matically transferred to a spreadsheet or database pro
gram for further analysis. 

Under Windows 3.1, two or more PICMASTER emula
tors can run simultaneously on the same PC making 
development of multi-microcontroller systems possible 
(e.g., a system containing a PIC16CXX processor and a 
PIC17CXX processor). 

8.3 PRO MATE™: Universal Programmer 

The PRO MATE Universal Programmer is a production 
quality programmer capable of operating in stand alone 
mode as well as PC-hosted mode. 

The PRO MATE has programmable Voo and VPP sup
plies which allows it to verify programmed memory at 
Voo min and Voo max for maximum reliability . It has an 
LCD display for displaying error messages, keys to enter 
commands and a modular detachable socket assembly 
to support various package types. In stand alone mode 
the PRO MATE can read, verify or program PIC16C5X, 
PIC16CXX and PIC17CXX devices. It can also set fuse 
configuration and code-protect in this mode. Its EE PROM 
memory holds data and parametric information even 
when powered down. It is ideal for low to moderate 
volume production. 

FIGURE 8·1: PICMASTER SYSTEM CONFIGURATION 

Common Interface Card 
PC Compatible Computer 

(AT/ISA Bus) (for Industry Standard Architecture) 
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In-Line 
Power Supply 

(Optional) 

PowerSWitch 

Power Connector 

Aux. 

PC-Interface 

9Q.250VAC 

PICMASTER Emulator Pod 

IP11®~~mij1Jil~11~ 
2-580 

© 1994 Microchip Technology Inc. 



In PC-hosted mode, the PRO MATE connects to the PC 
via one of the COM (RS232) ports. A PC based user
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and menu
based. Full screen display and editing of data, easy 
selection of fuse configuration and part type, easy selec
tion of Voo min, Voo max and VPP levels, load and store 
to and from disk files (intel hex format) are some of the 
features of the software. Essential commands such as 
read, verify, program, blank check can be issued from 
the screen. Additionally, serial programming support is 
possible where each part is programmed with a different 
serial number, sequential or random. 

The PRO MATE has a modular 'programming socket 
module'. Different socket modules are required for 
different processor types and/or package types. 
PRO MATE supports all PIC16C5X, PIC16CXX and 
PIC17CXX processors. 

8.4 PICSJARTT• Programmer 

The PICSTART™ programmer is an easy to use, very 
low-<:ost prototype programmer. It connects to the PC 
via one of the COM (RS232) ports. A PC based user 
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and menu
based. 

8.5 Assembler <MPASM) 
Cross Assembler is a PC hosted symbolic assembler. It 
supports all microcontroller series including the 
PIC16C5X CMOS, PIC16CXX, and PIC17CXX families. 

MPASM offers fully featured Macro capabilities, condi· 
tional assembly, and several source and listing formats. 
It generates various object code formats to support 
Microchip's development tools as well as third party 
programmers. 

MPASM allows full symbolic debugging from the Micro
chip Universal Emulator System (PICMASTER). 

MPASM has the following features to assist in develop
ing software for specific use applications. 

• Provides translation of Assembler source code to 
object code for all Microchip microcontrollers. 

• Macro Assembly Capability 

• Provides Object, Listing, Symbol and special files 
required for debugging with one of the Microchip 
Emulator systems. 

• Supports Hex (default), Decimal and Octal source 
and listing formats. 

MPASM provides a full feature directive language repre
sented by four basic classes of directives: 

• Data Directives are those that control the allocation 
of memory and provide a way to refer to data items 
symbolically, by meaningful names. 

• Listing Directives control the MPASM listing dis 
play. They allow the specification of titles and sub
titles, page ejects and other listing control. 

PIC16C84 

• Control Directives permit sections of conditionally 
assembled code. 

• Macro Directives control the execution and data 
allocation within macro body definitions. 

8.6 Software Simulator (MPSIM) 

The Software Simulator allows code development in a 
PC host environment. It allows the user to simulate the 
PIC16C5X and PIC16CXX series microcontrollers on 
an instruction level. On any given instruction, the user 
may examine or modify any of the data areas or provide 
external stimulus to any of the pins. The input/output 
radix can be set by the user and the execution can be 
performed in single step, execute until break or in a trace 
mode. Two forms of symbolic debugging are available: 
an internal symbol table for disassembling opcodes and 
the displaying of source code from a listing file. The 
Software Simulator offers the low cost flexibility to de
velop and debug code outside of the laboratory environ
ment making itan excellent multi-project software devel· 
opmenttool. 

9.7 Development Systems 

For convenience, the development tools are packaged 
into comprehensive systems as listed in Table 9-1: 

TABLE 8-1: DEVELOPMENT SYSTEM 
PACKAGES 

Item Name System Description 

1. PICMASTER™ PICMASTER In-Circuit Emulator 
System with your choice of Target Probe, 

PRO MATE Programmer, 
Assembler, Software Simulator and 
Samples. 

2. PICSTART™ PICSTART™ Low-Cost Prototype 
System Programmer, Assembler, Software 

Simulator and Samples 

9.8 Probe Specifications 

The PICMASTER probes currently meet the following 
specifications: 

PROBE 
PICMASTER Devices Maximum Operating 

PROBE Supported Frequency Voltage 

PROBE· 16C PIC16C84 10 MHZ l 4.5V • 5.5V 
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9.0 ELECTRICAL CHARACTERISTICS 

Absolute Maximum Ratings+ 

Ambient temperature under bias.............................................................................................................. -55 to+ 125'C 

Storage Temperature •.•.••.•.••..•••.••••.••.••••.•..••..••.•....•.............•.•.•.........•..•.....................•....................... - 65"C to +150'C 
Voltage on any pin with respect to Vss 
(except Voo and MCLR) ................................................................................................................... -0.6V to Voo +0.6V 
Voltage on Voo with respect to Vss ~ ............................................................................................................................................. o to +7.5 V 
Voltage on MCLR with respect to Vss 
(Note 2) ........................................................................................................................................................... o to +14 V 
Total power Dissipation (Note 1) ............................•.•.••....•.•...•....••.••••..•.•••••••.•••.•••..••.••..•••...•.•••.•.••..•.•••••..•..••.••.• 800mW 
Max. Current out of VsS pin •..••••••••.••.•....•....................................................•........•........•.......•.....................•....... 150mA 
Max. Current into Voo pin .....••................•.........•....•.•..•.•...••..•.•...••••..•.••.••.••.•.••••..............•.•.........•......•••..••.....••.•. 1 OOmA 
Input clamp current, hK (Vl<O or VI> Voo) .•.....................................................................•.................................... ±20mA 
Output clamp current, loK (VO<O or VO> Voo) ..•.....•...••....•.•...........•..••.•.....••....•..•...........•...................•.••..........•.• ±20mA 
Max. Output Current sunk by any 1/0 pin ....•.......................................................................................................... 25mA 
Max. Output Current sourced by any 110 pin .•......•.•.•.......•.•..•....•.......•.•..•••...•.•.•....•.•••......•.•..•..•.•.•.•.•..........•••.....• 20mA 
Max. Output Current sunk by 1/0 PORTA .............................................................................................................. 80mA 
Max. Output Current sunk by 1/0 PORTB ...............................................................•......................•............... , ..... 150mA 
Max. Output Current sourced by 110 PORTA ....................•..........................•..•..•....•.••.•...................•..............•...... 50mA 
Max. Output Current sourced by 1/0 PORTB •.•.....•...•.................•..•.••.•..•...•.•..........•..•..................•.......•............•. 1 OOmA 

Notes: 1. Total power dissipation should not exceed 800 mW for the package. Power dissipation is calculated as 
follows: 

Pdis = Voo x {loo - I. loh} +I. {(Voo-Voh) x loh} + I.(Vol x lol) 
2. Voltage spikes below Vss at the MCLR pin, inducing currents greaterthan SomA, may cause latch-up. Thus, 

a series resistor of 50-1 oon should be used when applying a 'low' level to the MCLR pin rather than pulling 
this pin directly to Vss. 
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9.1 DC CHARACTERISTICS: PIC16C84-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16C84-10 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 

DC CHARACTERISTICS 

Characteristic Sym 

Supply Voltage 
Voo 

RAM Data Retention VDR 
Voltage (Note 2) 
Voo start voltage to VPDR 
guarantee power on reset 
Voo rise rate to guarantee Svoo 
power on reset 
Supply Current (Nole 3) 

loo 

Power Down Current 
(Note 4) 

Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40°C s: TA s: + 125°C for automotive, 

-40°C s: TA s: + 85°C for industrial and 
o·c s: TA s: + 1o·c for commercial 

Operating voltage Voo = 4.0V to 6.0V 

Typ 
Min (Note 1) Max Units 

4.0 6.0 v 
4.5 5.5 v 

1.5 v 

Vss 

0.05* 

Fosc = 4 MHz, Voo = 5.5V (Note 5) 
Fosc = 32 KHz, Voo = 4.0V, WOT disabled, 
LP osc configuration 
Fosc = 1 O MHz, Voo = 5.5V, HS osc configuration 
(PIC16C84-10 only) 

28 µA Voo = 4.0V, WOT enabled, -40°C to +85'C 
14 µA Voo = 4.0V, WOT disabled, 0°C to +70°C 
16 µA Voo = 4.0V, WOT disabled, -40°C to +85°C 
TBO µA Voo = 4.0V, WOT disabled, -40°C to+ 125°C 

Note 1: Dal in Q c umn labeled 'Typical' is based on characterization results at 25°C. This data is for design 
guidan on and is not tested for, or guaranteed·by Microchip Technology. 

Note 2: This is the · t to which Voo can be lowered in SLEEP mode without losing RAM data. 
Note 3: The supply current is mainly a function of the operating voltage and frequency. Other factors such as 110 pin 

loading and switching rate, oscillator type, internal code execution pattern, and temperature also have an impact 
on the current consumption. 
The test conditions for all loo measurements in active operation mode are: 
OSC1=external square wave, from rail to rail; all 1/0 pins tristated, pulled to Voo, TOCKI = Voo, MCLR = Voo; 
WOT enabled/disabled as specified. 

Note 4: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with all 1/0 pins in hi-impedance state and tied to Voo and Vss. 

Note 5: For RC osc configuration, current through Rext (external pull-up resistor) is not included. The current through 
the resistor can be estimated by the formula Ir = Voo/2Rext (mA) with Rext in kOhm. 
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9.2 DC CHARACTERISTICS: PIC16LC84-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 

DC CHARACTERISTICS Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40°C s TA s + 12s·c for automotive, 

-40°C S TA S + 85°C for industrial and 
o·c s TA s +1o·c for commercial 

Operating voltage Voo = 2.0V to 6.0V 

Characteristic 

Supply Voltage 

RAM Data Retention 
Voltage (Note 2) 
Yoo start voltage to 
guarantee power on reset 
Yoo rise rate to guarantee 
power on reset 
Supply Current (Note 3) 

Power Down Current 
(Note 4) 

Note2: 
Note3: 

Sym 

Voo 

VOR 

VPOR 

Svoo 

loo 

IPO 

Typ 
Min (Note 1) Max. Units 

2.0 6.0 v 
4.5 5.5 v 

1.5 v 

Vss v 

0.05* 

1.8 
15 

4 MHz, Voo = 5.5V (Note 5) 
= 32 KHz, Voo = 2.0V, WOT disabled, 

LP osc configuration 

Voo = 2.ov, WOT enabled, -40°C to +85°C 
Voo = 2.0V, WOT disabled, o·c to +70°C 
voo = 2.ov, WOT disabled, -4o·c to +85°C 
Voo = 2.ov, WOT disabled, -4o·c to + 125·c 

on characterization results at 25"C. This data is for design guidance only' and 
"""1-hv''Uil!' rochip Technology. 

n e lowered in SLEEP mode without losing RAM data. 
function of the operating voltage and frequency. Other factors such as VO pin loading and 

e, internal code execution pattern, and temperature also have an impact on the current 
' 

The test cond1 · ns r all loo measurements in active operation mode are: 
OSC1=external uare wave, from rail to rail; all l/O pins tristated, pulled to Voo, TOCKI = Voo, MCLR = Voo; WOT enabled/ 
disabled as specified. 

Note 4: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is measured with the 
part in SLEEP mode, with all 1/0 pins in hi-impedance state and tied to Voo and Vss. 

Note 5: For RC osc configuration, current through Rext (external pull-up resistor) is not included. The current through the resistor 
can be estimated by the formula Ir= VooJ2Rext (mA) with Rext in kOhm. 

Notes to Table 9.3 

Note 1: Data in the column labeled "T)'Pical" is based on characterization results at 25 • C. This data is for design guidance only and 
is not tested for, or guaranteed by Microchip Technology. 

Note 2 : In RC oscillator configuration, the OSC1 pin is a Schmitt trigger input. It is not recommended that the PIC16C84 be driven 
with external clock in RC mode. 

Note 3 : The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels represent 
normal operating conditions. Higher leakage current may be measured at different input voltages. 

Note 4 : Negative current is defined as coming out of the pin. 
Note 5: The user may use better of the two specifications. 
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9.3 DC CHARACTERISTICS: PIC16C84-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16C84-10 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16LC84-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 

DC CHARACTERISTICS Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40'C s TA s +125'C for automotive, 

-40 s TA s +85'C for industrial 
and o·c s TA s +70'C for commercial 

Operating voltage Voo range as described in DC spec Tables 9.1 and 9.2 

Characteristic Sym Min Typ Max Units Conditions • (Note 1) 

Input low Voltage 
1/0 ports VIL Vss 0.2 Voo v 
MCLR, TOCKI Vss 0.2 Voo v 
OSC1 (in RC configuration) Vss 0.1 Voo Note 2 
OSC1 (in XT, HS and LP Vss 0.3 Voo v 
configuration) 
Input High Voltage 
1/0 ports VIH 2.0 Voo 

0.7 VDD 
MCLR, TOCKI, OSC1 0.85 Voo Voo 
(in RC configuration) 
OSC1 (XT, HS and LP 0.7 Voo 
configuration) 
Input leakage Current 
(Notes 3, 4) 
1/0 ports RA, RB Ill Vss s VPIN s Voo. Pin at hi-impedance 
MCLR, TOCKI Vss $ VPIN $ Voo 
OSC1 Vss $ VPIN $ Voo ' XT, HS and LP osc 

configuration 
Porte Weak Pull·u Current IPU VPIN = Vss VDD = 5.0V 
Output Low Voltage 
110 Ports 0.6 v IDL = 8.5mA, Voo = 4.SV, -40'C to +85'C 

0.6 v IOL = 6.0mA, Voo = 4.SV, -40'C to+ 125'C 
OSC2/CLKOUT 0.6 v IDL = 1.6mA, Voo = 4.SV, -40'C to +85'C 
(RC osc configuration) 0.6 v IOL = 1.2mA, Voo = 4.SV, -40'C to+ 125'C 
Output High Voltage 
110 Ports (Note 4) v IOH = -3.0mA, Voo = 4.5V, -40'C to +85'C 

v IOH = -2.5mA, Voo = 4.5V, -40'C to+ 125'C 
OSC2/CLKOUT v IOH = -1.3mA, Voo = 4.5V, -40'C to +85'C 
(RC osc configuration) Voo-0.7 v IOH = -1.0mA, Voo = 4.5V, -40'C to+ 125'C 
Data EEPROM 
Endurance Ed 100,000 1,000,000 E/W 

cycles 
Voo for read/write Vdrw Full Voo range 
Erase/write c cle time tdew 10 ms 
Program EEPROM Memory See section 11 for more details on 

programming 
Endurance Ep 100 1000 EfW 

cycles 
Erase/write cycle time tpew 10 ms 
Voo for read Vpr Full Voo range 
Voo for erase/write Vpw 4.5 5.5 v 

Notes on previous page. 
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9.4 AC CHARACTERISTICS: 

AC CHARACTERISTICS 

Characteristic 

External CLOCKIN Frequency 
(Note 2) 

Oscillator Frequency 
(Note 2) 

lnstructi on Cycle Time 
(Note 2) 

erna 
(Note 4) 
Clock in (OSC1) High or Low Time 
XT oscillator type 
LP oscillator type 
HS oscillator type 
Clock in (OSC1) Rise or Fall Time 
XT oscillator type 
LP oscillator type 
HS oscillator type 
OSC1 high to CLKOUT low 
OSC1 high to CLKOUT high 
CLKOUT output rise time 
CLKOUT out ut fall time 
RESET Timing 
MCLR Pulse Width low 
TMRD Input Timing, No 
TMRO High Pulse Wi 
TM RO Low Pulse 1d 
TDCKI Input Ti ng, h 
TOCKI High Pulse idth 
TOCKI Low Pulse Wi 
TOCKI Period 

Watchdog mer imeout Per10 
(No Prescaler) 

1mmgs 
Oscillation Start-up Timer Period 
Power-up timer period 

PIC16C84-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16C84-10 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16LC84-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 

Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40°C :5 TA :5 + 12s·c for automotive, 

-40 :5 TA :5 +ss·c for industrial 
and o·c :s; TA :s; +1o·c for commercial 

Operating voltage Voo range as described in DC spec Tables 9.1 and 9.2 

Sym Min Typ Max Units Conditions 

Fosc 

Fosc 

Tcv 

TRTH 
TRTL 
TRTP 

DC 
DC 
DC 
DC 
DC 
DC 
0.1 
0.1 
1 
DC 
0.4 

150 

0.5 Tcv+ 20* 
0.5 Tcv+ 20* 

50 
50 

TCY+40 

TWDT 7* N 

Tosr 
TPWRT 28* 

(Note 1) 

2 MHz XT, RC DSC mode. 2V ~ Voo ~ 6V 
4 MHz XT, RC c mode. 3V ~ Voo ~ 6V 
10 MHz HS os m de (PIC16C84-10) 
200 KHz L 
2 MHz 2V ~ Voo ~ 6V 
4 z R osc m . 2V ~ Voo ~6V 
2 mode. 3V~Voo~6V 
4 ode. 3V ~ Voo ~6V 

ns 
µs 
ns 

ns 
ns 
ns 

osc mode (PIC16C84-10) 
osc mode 

ns Note 6 
ns Note 6 
ns Note 6 
ns Note 6 

ns 

ns Note 3 
ns Note 3 

ns Note 3 
ns Note 3 
ns Note 3. Where N = prescale 

value (2,4, .. ., 256) 

18* 33 • ms Voo = 5V, -40°C to + 125°C 

102 4 tosc ms tosc = OSC1 period 
72* 132* ms Voo = 5V, -4o·c to+ 125°C 

*These parameters are characterized, but not tested. (Cont. on next page) 
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9.4 AC CHARACTERISTICS: PIC16C84-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16C84-10 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16LC84-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 

AC CHARACTERISTICS 

Characteristic 

/0 Timing 
1/0 Pin Input Valid Before CLKOUTi 
1/0 Pin input Hold After CLKOUTi 
1/0 Pin Output Valid After CLKOUT J. 
1/0 Pin input Valid Before OSGi 
(1/0 Setup Time) 
OSC1 i to 1/0 pin input invalid 
(1/0 hold time) 
OSC1 i to 1/0 pin output valid 
1/0 pin output rise time 
1/0 pin output fall time 
Interrupt Timing 
INT pin high or low time 
RB <7:4> input change time for interrupt 
to be recognized 

apac1t1ve oa ng pees on utput ms 
OSC2 pin 

All l/O pins and OSC2 (in RC mode) 

NOTES TO TABLE 9.4 

Note 1: 

Note 2: 

Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40"C::;; TA::;; +125°C for automotive, 

-40::;; TA::;; +as·c for industrial 
and o·c::;; TA::;; +70"C for commercial 

Operating voltage Voo range as described in DC spec Tables 9.1 and 9.2 

Sym Min Typ Max Units Conditions 

TioV2ckH 
TckH2iol 
TioV2ckl 

TioV2osH 
TosH2iol 

TosH2ioV 
TioR 
TioF 

TinP 
TrbP 

cosc2 

CIO 

0.30 Tcv+ 30 
0 

TBD 
TBD 

20 
20 

(Note 1) 

ns 
ns 

120 ns 

50 pf 

In XT, HS or LP modes when 
external clock is used to drive 
OSC1 

I k input ls used, the "Max.• cycle lime limit is "DC" (no clock) for all devices. 
Note 3: For a detailed explanation of TMRO input clock requirements see Section 6.4.1. 
Note 4: Clock-in high-time is the duration for which clock input is at V1Hosc or higher. Clock-in low-lime is the duration for which 

clock input is at V1Hosc or lower. 
Note 5: All AC parameters are tested or characterized with these capacitive loads. 
Note 6: CLKOUT is available only in RC oscillator mode. 
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9.5 Electrical Structure of Pins 

FIGURE 9.5.1 - ELECTRICAL STRUCTURE OF 
1/0 PINS (RA, RB) 

l/Opin 

FIGURE 9.5.2 - ELECTRICAL STRUCTURE OF 
MCLR AND TOCKI PINS 

MCLR, 
RTCC 

vss Vss 

Schmitt trigger 
Input buffer 

Notes to Figures 9.5.1 and 9.5.2: The diodes and the grounded gate (or output driver) NMOS device are carefully designed to protect 
against ESD (Electrostatic discharge) and EOS (Electrical overstress). Rin is a small resistance to further protect the input buffer from 
ESD. 
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10.0 TIMING DIAGRAMS 

FIGURE 10.0.1 -TOCKI TIMING 

' :-TRTH ' ---. 
' ;r------..: 

:---TRTL --! 
: ' 

TOCKI 
"-----TRTP 

' ' ' ' 

FIGURE 10.0.2 - INPUT/OUTPUT TIMING FOR UO PORTS 

OSC1 

CLKOUT 

l/O Pin 
(input) 

Q4 01 

1---------__,r--;-i--..4 ~1T~H2ckl 

r-:, : !- TckF TioV2osH ;.--+j Tckl21oV -1+"1---+i 

1----~~~~~........, ........ ~~~_,.,.~~ 

:.. ..: 

02 

TioV2ckH 

PIC16C84 

03 

' ' ' ' 
l+-iTosH2ckH l :,,___ _____ _, 

-i iTckR 

T~H2ioV i 
:,------+----------+---------~ 

1/0Pin 
(output) old value new value 

1-----------<>----~:, ,:---------+----------+---------~ 
~:.--
TioR, TioF 

Notes: 
1. All timings are tested with specified capacitive loads 
2. CLKOUT Is available only in RC oscillator mode 
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11.0 DC & AC CHARACTERISTICS 
GRAPHS/TABLES 

The graphs and tables provided in this section are for 
design guidance and are not tested or guaranteed. In 
some graphs or tables the data presented are out
side specified operating range (e.g. outside speci
fied Voo range). This Is for information only and 
devices are guaranteed to operate properly only 
within the specified range. 

The data presented in this section is a statistical sum
mary of data collected on units from different lots over a 
period of time. 'Typical' represents the mean of the 
distribution while 'max' or 'min' represents (mean + 3o) 
and (mean - 3o) respectively where CJ is standard 
deviation. 

FIGURE 11.0.2 • TYPICAL RC OSCILLATOR 
FREQUENCY vs Voo• 

5.0 

4.5 

4.0 

3.5 

3.0 
F 
~ 

~ 
2.5 

2.0 

1.5 

1.0 

0.5 
A=100k 

2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 

Vco (Volts) 

*Measured in PDIP Packages. 

FIGURE 11.0.1 • TYPICAL RC OSCILLATOR 
FREQUENCY vs. 
TEMPERATURE 

-Fosc(25'C) 

FREQUENCY NORMALIZED TO +25'C 

1.10 r--+---+--- Rext~ 10Kn --<f----1 
Cext=100pF 

1.08 >---+---+---~-~--+----< 

1.08 r--+---+---+---+---t----l 

0.98 r--r----r-f~llllia;;;;l=-
0.98 l--t----b='\--\l--""'1111111111 
0.94 t--+--~'k=---*--+--= 

0.92 t---+-~.=::'k---"'.+1'-+ 

0.90 r--+-cr--7""'<-+-P......---+---+---t---; 

- L.3k 

1.4 f----t---+--+--+--+--f-----1 

~ 
~ 1.0 0----+--+--+---+--+--0---1 

~ 
0.8 f"""....q==--+--+-+--+--t--1 

T----t- A=10k 
r--i--1-_ _J 

0.6 >----+--+--+---+--+--0----1 

0.4 >----1--+--+---+--+--t---I 

Cext = 100pF, T = 25"C 
02r---t--~+--i1---t---+--t---I 

A=100k 

Oo----+--+--+--~i--+--+--~ 
2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 

Vco (Volts) 

*Measured in PDIP Packages. 
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FIGURE 11.0.4- TYPICAL RC OSCILLATOR 
FREQUENCY vs Yoo• 

o.1v 
~-.3k-... _ _J 

0.6 t----+--+--+---+---+--+----< 

~ N" 0.5 f----t--t=,,__,--=......___f---1 1--+--+---J 
! I~ 
~ 0.4 t---+--+---+---+--+--t-----1 

0.3 r--
f---r--_;r---tR=_1o_k-L._ ---...., 

0.2 t---+--+---+---+--+--t-----1 

Cext = 300pF, T = 25"C 

0.1 t---+--+--+---+---t--+-----i 

2 

A=100k 

2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 

Voe (Volts) 

0'-----+-~--+--~~'----'--~ 

2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 
Voo(Volts) 

PIC16C84 

TABLE 11.0.1 - RC OSCILLATOR 
FREQUENCIES* 

Cext Rext Average 

Fosc O 5V, 2s·c 

20pf 3.3k 
5k 

10k 
100k 

4.71 MHz 
3.31 MHz 
1.91 MHz 

207.76 KHz 

±28% 
±25% 
±24% 
±39% 

100pf 3.3k 
5k 

10k 
100k 

±18% 
±21% 
±18% 
±28% 

300pf ±14% 
±13% 
±13% 
±23% 

e v 1 tion indicated here is part to part 
nnal process distribution. The varia

·s ±3 standard deviation from average 

16 f---t--~~-+li-F-lj 
14t---+--+---+--+---+--+-~ 

12 l---f----+---1---1------v~LJt----+ 
1 10t---+--+---+--f-:...L.l'--t--+--~ y 

8 t---+--+---+-~+---+--+--~ y 
6 t---+--+-__,,'+--+---+--+--~ 

j/ 4z 
2 bL--+--+---+--+---+--+--~ 

0 '-----'----'---+--~---+---'--~ 
2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 

Vco (Volts) 
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FIGURE 112.0.7 - MAXIMUM lpd VS Voo 
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FIGURE 11.0.8 • MAXIMUM lpd vs Voo 
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• IPD, with watchdog timer enabled, has two components: 
operating current of the watchdog timer logic which i r 

rrent which Increases with higher temperature and the 
r temperature. At -40"C, the latter dominates explaining the 

apparently anomalous behavior. 
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FIGURE 11.0.10 • VIH, VIL OF MCLR, TOCKI AND OSC1 (IN RC MODE) vs VDO 
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FIGURE 11.0.12. TYPICAL loo VS FREQ (EXT CLOCK, 25°C} 
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FIGURE 11.0.14- WOT Timer Time-out Period 
vsVoo 
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FIGURE 11.0.16 - Transconductance (gm) 
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FIGURE 11.0.15-Transconductance (gm) of 
HS Oscillator vs Voo 
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FIGURE 11.0.18 • IOH vs VOH, VDD= 3V FIGURE 11.0.19 • IOH vs VOH, VDD = 5V 
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TABLE 11.0.2-INPUT CAPACITANCE* 

Typical Capacitance (pF) 
Pin Name 

18L PDIP 18L SOIC 

RA port 5.0 4.3 
RB port 5.0 4.3 
MCLR 17.0 17.0 
OSC1 4.0 3.5 
OSC2/CLKOUT 4.3 3.5 
RTCC 3.2 2.8 

*M~~~~re~~~~~~~~~A~~ 
part variation of ±25% (three standard deviations) 
should be taken into account. 

© 1994 Microchip Technology Incorporated rP1J®~DITlfilD[il)ffil1JW 
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12.0 PACKAGING DIAGRAMS AND DIMENSIONS 

See Section 11 of the Data Book. 

12.1 package Marking Information 

18L PDIP Example 

MMMMMMMMMMMMXXX 0 MMMMMMMMXXXXXXX 
~AABB COE 

PIC16C84-o lOE/P 
~9305 CBA 

18LSOIC Example 

0830081 C-page 64 

MMMMMMMMMMMM 
MMMMMMMMMMMM 

O~AABB CDE 

Legend: MM ... M 
xx ... x 
AA 
BB 
c 

D 
E 

PIC16LC84-
04I/S0218 

0~9310 CAA 

Microchip part number information 
Customer specific information* 
Year code (last 2 digits of calendar year) 
Week code (week of January 1 is week '01 ') 
Facility code of the plant at which wafer is manufactured. 
C =Chandler, Arizona, U.S.A. 
Mask revision number 
Assembly code of the plant or country of origin in which 
part was assembled. 

Note: In the event the full Microchip part number can not be marked on one 
line, it will be carried over to the next line thus limiting the number 
of available characters for customer specific information. 

•Standard OTP marking consists of Microchip part number, year code, week code, 
facility code, mask rev#, and assembly code. For OTP marking beyond this, 
certain price adders apply. Please check with your Microchip Sales Office. For 
QTP devices, any special marking adders are included in QTP price. 
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APPENDIX A 
The following are the list of modifications over the 
PIC16C5X microcontroller family: 

1. Instruction word length is increased to 14-bit. This 
allows larger page sizes both in program memory 
(2K now as opposed to 512 before) and register file 
( 128 bytes now versus 32 bytes before). 

2. A PC high latch register (PCLATH) is added to 
handle program memory paging. PA2, PA 1, PAO 
bits are removed from status register. 

3. Data memory paging is redefined slightly. Status 
register is modified. 

4. Four new instructions have been added: RETURN, 
RETFIE, ADDLW, and SUBLW. 

Two instructions TRIS and OPTION are being 
phased out although they are kept for compatibility 
with PIC16C5X. 

5. OPTION and TRIS registers are made addressible. 

6. Interrupt capability is added. Interrupt vector is at 
0004h. 

7. Stack size is increased to eight deep. 

8. Reset vector is changed to OOOOh. 

9. Reset of all registers is revisited. Five different 
reset (and wake-up) types are recognized. Regis
ters are reset differently. 

10. Wake up from SLEEP through interrupt is added. 

11. Two separate timers Oscillator Start-up Timer (OST) 
and Power-up Timer (PWRT) are included for more 
reliable power-up. These timers are invoked selec
tively to avoid unnecessary delays on power-up 
and wake-up. 

12. PORTS has weak pull-ups and interrupt on change 
feature. 

13. RTCC pin is also a port pin (RA4) now. 

14. Location 07h (PortC) is unimplemented and not a 
general purpose register. 

15. FSR is made a full 8-bit register. 

16. 'In system programming• is made possible. The 
user can program the PIC16C84 using only five 
pins: Voo, Vss, MCLRNPP, RB6 (clock) and RB? 
(data in/out). 

PIC16C84 

APPENDIX B 

To convert code written for PIC16C5X to PIC16C84, the 
user should take the following steps: 

1. Remove any program memory page select opera
tions (PA2, PA 1, PAO bits) for CALL, GOTO. 

2. Revisit any computed jump operations (write to PC 
or add to PC, etc.) to make sure page bits are set 
properly under the new scheme. 

3. Eliminate any data memory page switching. Rede
fine data variables to reallocate them . 

4. Verify all writes to STATUS, OPTION, and FSR 
registers since these have changed. 

5. Change reset vector to OOOOh. 

6. Note that location 07h is an unimplemented data 
memory location. 
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Power-down ............................................................ 20 
Power-On Reset ................................................ 14-17 
Power-up Timer ................................................. 15, 16 
Program counter ....................................................... 7 
Program memory ...................................................... 6 
Programming information ......................................... 62 
QTP ........................................................................... 4 
Register file ..................................................... 7, 8, 15 
Reset ................................................................. 14, 15 
TIMERO ............................................................. 26-28 
SLEEP ..................... :. ........................................ 20, 21 
Stack ......................................................................... 7 
STATUS register ..................................................... 10 
SQTP ........................................................................ 4 
TO bit .................................................................. 9, 10 
Watchdog Timer ...................................................... 17 
W register ................................................................ 11 
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CONNECTING TO MICROCHIP BBS 

Connect world wide to the Microchip BBS using the 
Compuserve communications network. In most cases a 
local call is your only expense. The Microchip BBS 
connection does not use Compuserve membership ser
vices, therefore you do not need Compuserve mem
bership to join Mlcrochlp's BBS. 

The procedure to connect will vary slightly from country 
to country. Please check with your local Compuserve 
agent for details if you have a problem. Compuserve 
services allows multiple users at baud rates up to 9600. 

To connect: 

1. Set your modem to 8-bit, No parity, and One stop 
(8N1). This is not the normal Compuserve setting 
which is 7E1. 

2. Dial your local Compuserve phone number. 

3. Depress <ENTER> and a garbage string will appear 
because Compuserve is expecting a 7E1 setting. 

4. Type +<ENTER> and Host Name: will appear. 

5. Type MCHIPBBS<ENTER> and you will be con
nected to the Microchip BBS. 

In the United States, to find Compuserve's phone num
ber closest to you, set your modem to 7E1 and dial (800) 
848-4480 for 300-2400 baud or (800) 331-7166 for 9600 
baud connection. After the system responds with Host 
Name:, type 

NETWORK<ENTER> and follow Compuserve's direc
tions. 

For voice information (or calling from overseas), you 
may call (614) 457-1550 for your local Compuserve 
number. 

PIC16C84 

Trademarlcs: 

PIC is a registered trademark of Microchip Technology 
Incorporated in the United States. 

PICMASTER, PRO MATE and PICSTART are trademarks 
of Microchip Technology Incorporated. 

IBM PC and ATare registered trademarks of IBM Corpora
tion. 

MS-DOS and Microsoft Windows are registered trade
marks of Microsoft Corporation. 
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PIC16C84 Product Identification System 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 

PART NO. -XX X /XX XXX 
-r-

~-' 
3-Digit Pattern Code for QTP (blank otherwise) 

Package: p = PDIP 
so= SOIC (Gull Wing, 300 mil body) 

Examples: 1 Temperature • = o·c k> +70'C (T fortape/reeQ a) PIC16C84 • 04/P 301 = 

Range: I = -40'C k> +85'C (S for tape/reel) Commeroial temp., PDIP package, 

E = -40'C k> +125'C 4 MHz, nonnal V DO limits, 
OTP pattern# 301 

1 Frequency 04 4MHz 
b) PIC16LC84 -04VS0= 

= Industrial temp., SOIC package, 
Range: 10 = 10MHz 4 MHz, extended V DO imits 

l Device: 
c) PIC16C84 • 10E/P = 

PIC16C84 : VDO range 4.0V to 6.0V Automotive temp., PDIP package, 
PIC16LC84 : Voo range 3.0V to 6.0V 10 MHz, normal Voo limits 

Sales and Support 

Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and 
recommended wo.rkarounds. To determine Han errata sheet exists for a particular device, please contact one of the following: 
1. Your local Microchip sales olllce (see below) 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchlp's Bulletin Board, via your local Compuserve number. 

Please specHy which device, revision of silicon and Data Sheet (Include Literature #) you are using. 

For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602· 786-7302. 
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MICROCHIP PIC17C42 
High-Performance 8-Bit CMOS EPROM Microcontroller 

FEATURES 
Powerful CPU 

• Fully static design 
• 8-bit wide data path 
• 16-bit wide instructions 
• All instructions are single word 
• Most instructions are single cycle, a few are two cycle 
• 160ns cycle time (at 25 MHz). 
• 64K x 16 of addressable program memory space 
• Direct, indirect (with auto increment and decrement), 

immediate and relative addressing 
• Four modes of operation 

- Microcontroller mode 
- Secure microcontroller mode 
- Extended microcontroller mode (both internal and 

external program memory access) 
- Microprocessor mode (external only program 

memory access) 

High-level of Integration 

• 2K x 16 on chip EPROM program memory 
• 232 x 8 general purpose registers (SAAM) 
• 48 special function registers 
• 16 x 16 hardware stack 
• 11 extemaVinternal interrupts 
• Up to 33 110 pins 

Three 16-bit timer/counters 
• Two 16-bit capture registers 
• Two high-speed PWM outputs (10-bit, 15.6 KHz) 
• Full-featured serial port (USART) with baud rate 

generator 

Special microcontroller features 

• Watchdog Timer with its own on-chip RC oscillator for 
reliable operation 

• Power saving SLEEP mode 
• On-chip Power-up Timer and Power-On Reset saves 

external circuitry 
• On-chip Oscillator Start-up Timer 
• Fuse selectable oscillator options: standard crystal 

oscillator, low frequency crystal oscillator, RC oscilla
tor or external clocking 

• Code protection feature to protect on-chip EPROM 
program memory 

Package Options 

• 40L PDIP, 44L PLCC and 44L PQFP 

PACKAGE TYPES 

PDIP, 
Windowed 
CERDIP 

voo
FICO.'ADO-.

RCt/AD1 --
RC2/AD2 -- 4 

AC3/AD3 -
R!WAD4-

RC51ADS -
RC81All6 -
RC7/AD7 --- 9 

vss-
RllG'CAP1 -
AB1/CAP2 --

RB2/PWM1 -
Rfl3.IPWM2 -

RB41TCLK12 --
RB51TCLK3 --

RB6-.-

-- RDOIADB 
--RD1/AD9 
_... AD2/AD10 

--- RD3/AD11 
-- RD4/AD12 
-- AD5/AD13 
-- R06/AD14 
-- AD7/A015 

- MCU\IVPP 
--vss 
-- REOIALE 
--REt/OE 

-- RE2/WR 
._TEST 

- RAOllNT 
- RA11TOCKI 

-- RA2 
RB7-- -- RA3 

OSC1/CLKIN --- --. RM/RX/OT 

OSC21CLKOUT --~~--=''~ -- RA5/TXICK 

PLCC ~!U ssHH a: a::a::~>>a::a:a::a: 
1111 111111 

RC41AD4- - RD4/AD12 
RCSIADS- - RD5'AD13 
RC81AD8- - RD61AD14 
AC7/AD7- - R07/A015 

vss-
PIC17C42 

-m:aw .. 
vss- -vss 

RllG'CAP1- -v .. 
RB1/CAP2.- - REOIALE 
RB21PWM1- - REt!OE 
RB31PWM2- - RE2IWii 

RB41TCUC12 - -TEST 

11111111111 

~H~~1r!~~ 
~ ~~" f' 

PQFP 5z 
1z"' r~~ g 
~~~~dhu~ 
11111111111 

TEST- - RB41TQX12 
RE21WA- - RB3/PWM2 
Re116E- - RB2/PWM1 

REOfALE- - RB11CAP2 
v .. - PIC17C42 - RBOICAPO 
v .. - -v .. 

MCLRIVPP- -vu 
RD7/AD15- - AC7/AD7 
RD&'A0t4- - RC61AD6 
RD51AD13 - - RC5/AD5 
R04/A0t2- - R!WAD4 

111111 1111 
::U::U::D::U<f~::u::u~::n 

~~~r ~~,.~ 
::~ 8!Hl8 

© 1994 Microchip Technology Inc. Pir®~nmnlrillffiiry 05300730-page 1 

2-603 

• 



5l 

~ 
i 
N 

1QJ 
9 
(@ 

I\)=· 

8: 3 
~ =· 
~ 
@)) 

~ 

@ .... 
~ 
3:: 

! 
'6' 

i 
I 
~ 

FIGURE B - PIC17C42 BLOCK DIAGRAM 

IRBUSc18> 

Il 
I I Shifter 

][ 

][ 
READIWRITE 

DECODE 
FOR REGISTERS 

MAPPED 
IN DATA 
SPACE 

n 
RDF WRF 

8lf IR BUS <7:0> 

RAM ADDA BUFFER 

DATA RAM 
232X8 

DATA LATCH 

DATABUS<I> ~ 

1J 
~ 

PORTS r - - - - - - - - - u. 3 II 
RBOICAP1 TMR1.TMR2.TMR3 Ir , 1Rc2.~ 
:i=1 I ~RE ' RB3/PWM2 

=~n I = I ~ 
I 

!.... 

PORTA 

RAD/INT 
RA1/TOCKI 
RA2 
RA3 
RM/RX/OT 
RA5/TX/CK 

rM DIGITALl/O ""[•~ I 
PORTEA.B ...., 

I r ~ I 
~ I 

e _ _j_ 2 ~ 
• SERIAL I,. l! ll n. 

PORT i.:::: !tee I 
I ~~' ~ 
I 

RA11 I Ii= I 1TOC~ TMRO ll ~ 
,.-- Module IA. I I 

I 
I 

'+ .fEf!!P!::!,E~L§. 
RAJI!!!. 

RAO/INT 

I 

_____ J 

~ PCL 

PROGRAM 
MEM dJ ~~) 

8 11 

I TASLEPTR<1fl> I 

18 

18 

Q1,Q2,QO,Q4 <=== 

lnlonupt 
Module 1--= Chip __ 

&Other~. 
to CPU 

-; -.14-ll· 1 ~ I 

DATABUS<I> 

r--

~~ 

CLOCK GENERATOR 
POWER ON RESET 
WATCH DOG TIMER 

OSC STARTUP TIMER 
TEST MODE SELECT 

ADc15.1b/ 
PORTC,D 

~ 

OSC1, 

"'CJ 
0 ..... ..._,. 
0 
t 



Table of Contents 

1.0 
1.1 
1.2 
1.3 
1.4 
1.5 
1.5.1 
1.6 
1.6.1 
2.0 
2.1 

2.2 

2.3 

2.4 
2.5 
2.6 
2.6.1 
2.6.2 
2.7 
2.7.1 
2.7.2 
2.7.3 
2.7.4 
2.8 
3.0 
3.1 
3.2 
3.2.1 
3.2.2 
3.2.3 
3.2.4 
3.3 
3.4 

3.5 
3.5.1 
3.5.2 
3.5.3 

3.6 
3.6.1 
3.7 
3.8 
4.0 
4.1 

5.0 
5.0.1 
5.1 
5.1.1 
5.2 
5.2.1 
5.3 
5.3.1 
5.4 
5.4.1 
5.5 
5.5.1 
6.0 

6.1 
6.1.1 
6.1.2 
6.2 
6.2.1 

Architectural Overview .............••.•..•....•.................. 5 
PIC17C42 Pinout Description ..•.•.••.•..•......•.......•.... 5 
Internal Clocking Scheme ....•............•...•.•..•..•..•.•... 6 
Instruction Flow/Pipelining .•.....•.•.••....•.••...•.......•.... 7 
Memory Organization •..•...........•.•.••....•....•.......•...... 7 
Different Program Memory Organization ....•.......... 7 
External Program Memory Interface ..•..•....•..•.•.....• 9 
Data Memory Organization ..........•..•..•...•.....•....•.. 10 
Organization of Special Function Registers •.•..•.•. 1 O 
Hardware Description of the CPU ...............••....... 12 
Indirect Addressing Registers (Files OOh 
& 08h) ..........••.............•.....•...•.•....•.......•.......•........ 12 
File Select Registers (FSRO and FSR1, 
Files 01 h and 09h) ..••....•..•...•.•...•..•....•........•........ 12 
Table Pointer (TBLPTRL Files and TBLPTRH, 
Files ODh and OEh) .•....••.•..•....••.•..•....•..............•. 12 
Table latch (TBLATH, TBLATL) .....•..•....•............ 12 
Program Counter Module .•...•..•.........•..•...•..••.•..... 12 
Stack ...•.•....•......•.•.•..•.•...•.••.•..•.••..........•..••......•..•. 13 
Stack Available Status Bit (Bit 5, CPUSTA) .•....... 13 
Using the STKAVL Bil ....•.....•.•.....•....•..........•.•.•... 13 
Interrupt Logic •.•...........•..•..........•..•.•..•.....•.......•... 13 
Interrupt Flag and Mask Bits •.•.•.......•.....•.•...•...•... 14 
Peripheral Interrupts .•....••....•.....•....•....•................ 14 
Interrupt and TABLWT Interaction .........•....•.......• 14 
INT and RT External Interrupts ..............•............• 16 
ALU .......•.•......•......•.......•...................•.•...............• 17 
Special Features of the CPU ..•.•..•.......•..•.•.......... 18 
Reset .••...•...•.•....•.•.•..•.•.•..................••.....••..•.....•.•. 18 
Oscillator .•......•.•..•.•...•...•.........•....••...........•.......•.. 19 
EC: External Clock Input Mode •.••.•..•.•••.•...•.....••.. 19 
RC: RC Oscillator Mode ..•..•..•.•....•.........•............. 19 
XT: Crystal Oscillator Mode ..•..........................•... 19 
LF: Low Frequency Crystal Oscillator Mode .•...... 19 
Oscillator Start-up Timer (OST) •..•.....•.....•........... 21 
Power-up Timer (PWRT) and Power on 
Reset (POR) ........•......•...........•.................•........... 23 
Sleep Mode ...........•.•..•.................•...........•....•..•... 23 
Wake-up from SLEEP ...........•....•..•...............•..•... 23 
lnterrupVSLEEP Interaction .....•........................... 24 
Minimizing current consumption in SLEEP 
Mode ......•.•..............................•...•.•.........•............ 24 
Watchdog Timer .............••.•.......•....•..................... 25 
WOT as a Regular Timer ..................................... 25 
Code Protection and Write Protection ..........•..•.... 25 
Configuration Fuses .....•.............................•......... 25 
Overview of Peripherals .......•.........•..................... 26 
The Bank Select Register (BSA, Address 
OFh) ••••••••••••••••••••••••••••••••••••••••••••••••••••••...•••.....•••.. 26 
Digital VO Ports ....•..•.......•.................•.........•........ 27 
Using RA2, RA3 Pins as Output ....•..•...........•...... 28 
PORTA •..................................•......•.•................•... 28 
Summary of PORTA Registers .........•..•..•...•.....•.• 28 
PORTB .••..••.....•.•....•...•......•.......••..•.•..•....•.....•.••... 29 
Summary of PORTS Registers ....•.....•....•..•......... 31 
PORTC ..•..•......•........•......•.•...........•......••.•.....•..•... 30 
Summary of PORTC Registers .•.....•..•.......•......•.. 32 
PORTD ......•......•...•...•.............•..••.........•.............•. 33 
Summary of PORTO Registers ......•..•.......•..•....... 33 
PORTE ....•.•.•......................•....••....•.•....•..•............ 33 
Summary of PORTE Registers .......•.................... 33 
Universal Synchronous Asynchronous 
Receiver Transmitter (USART) ....•..........•.••......•.. 34 
Asynchronous Mode .............•......•.•.................•... 34 
Asynchronous Mode Transmission ...........•.......•.. 34 
Asynchronous Mode Reception ........................... 35 
Synchronous Mode .................•.........................•.. 36 
Synchronous Mode Transmission ....•.............•..... 36 

PIC17C42 

6.2.2 Synchronous Mode Reception •••..........•.•...•...•..... 37 
6.2.3 Synchronous Slave Mode/SLEEP Mode 

6.3 
6.4 
6.4.1 
6.5 
7.0 
7.1 
7.2 
7.2.1 
7.2.2 
7.2.3 
7.2.4 
7.3 
7.3.1 
7.3.2 
7.3.3 
7.3.4 
7.4 
7.4.1 
7.4.2 
7.4.3 
8.0 
8.1 

8.2 
8.3 
9.0 
9.1 
10.0 
10.1 

10.2 
11.0 
11.1 
11.2 

Interaction: ...•.•..••..•.........•..•.•••..•..•.........••....•••.•..• 39 
Baud Rate Generator ........................................... 39 
Serial Port Registers .............•.................•••.••..••... 42 
Summary of Serial Port Registers .•.•...•..•..•...•...... 42 
Summary of Serial Port Pins ..........•.••.•.••.•..•.•...•.• 42 
Timer/Counters: Overview •...••..........••••...•••••...•... 43 
Role of the Timer/Counters ...•........•......•.•..•••......• 43 
TMRO Module ...•.........•.•...•.•..•...........•......•..••.....• 43 
TMRO Operation ........................... , ......•....•.••....... 44 
Read/Write Consideration for RTCC ••...•.••..••....... 45 
External Clock Considerations ...•....••......•.....•...•.. 46 
Summary of RTCC Registers ••.•....•...•......•...•...... 46 
Timer1 & Timer2 .....•.•.••......•...•.•.•..•.••..••..•..•...•.••. 46 
Timer1, Timer2 in 8 Bit Mode ...•..•.••....•••.•..••.••..... 47 
Timer1 & Timer2 in 16 Bit Mode .....•.•...•.....•........ 47 
External Clock Input for Timer1, Timer2 .....•.•...... 50 
Summary of Timer1, Timer2 Registers ................ 51 
Timer/Counter 3 •......................•.•....•.•...•..••.......... 51 
External Clock Input for Timer3 ........••••..............• 51 
Reading/Writing Timer3 ....................................... 51 
Summary of Timer3 Registers .•.•..•.•...•.........•...... 53 
Capture Module ................................................... 53 
One Capture + Timer/Counter3 + Period 
Register Mode .•.•...•......••........•......•....•................. 53 
Two Capture + Timer/Counter3 Mode .•.....•......... 53 
Summary of Capture Registers ..••..•..•..........•....... 54 
Pulse Width Modulation (PWM) Outputs ....•...••••. 55 
Summary of PWM Registers •.••.....•......•....••..••...•. 56 
Instruction Set .•.•.•.••.•..•.••.•.....•••...............•.........•. 57 
Special Function Registers as Source/ 
Destination ..........•............•.•.•..•.•.•........•...•.....•..... 57 
Instruction Description ......................................... 60 
Development Support .......................................... 70 
Development Tools .....••.••..•......•...•..........•..•....•.•. 70 
PICMASTER™ High Performance Universal 
In-Circuit Emulator ...•.•.....•...•..........•......•.....•....... 70 

11.3 PRO MATE™ Universal Programmer ...••.•........... 70 
11.4 Assembler (MPASM) ........................................... 71 
11.5 Software Simulator (MPSIM) ............................... 71 
11.6 Development Systems •...•....•.........•..•..•..•......•..•.. 71 
12.0 Electrical Characteristics ...................................... 72 
12.1 Absolute Maximum Ratings ....••.....•.....•••......•....•. 72 
12.2 DC Characteristics ......•...........•......•............•..•..... 73 
12.3 AC Characteristics ..........•.......•.•..•.••..••.....•.......... 7 4 
12.3.1 AC Characteristics: OSC/ReseVSystem Bus ..•...• 74 
12.3.2 AC Characteristics: Serial Port .••.•...•.......••......•... 75 
12.3.3 AC Characteristics: 1/0 Port .•..•.................••.•....... 75 
12.3.4 AC Characteristics: RTCC and INT .••..•...••......•..• 76 
12.3.5 AC Characteristics: Timer1, Timer2, 

Timer3, Capture and PWM: .•.....•..•..•..•.....•......•..• 76 
12.3.6 AC Test Load and Timing Conditions ••...•..•.•....... n 
12.4 Timing Diagrams ••.•.....•..•.........•...•...•.•......•...•.••..• 78 
13.0 Package Information ...•.•....•....••.•.....•.....••...•..•.•... 84 
Connecting to Microchip BBS ............................................. 85 
Sales and Support ...•.•..•..........•.•...•.•.•.•.•.•..•.•.....••••.•.•.••...•. 86 
Part Numbers .•.....•...•.••.........•.•••••..•.•.•..........•.•..••........•.•...• 86 

© 1994 Microchip Technology Inc. IP re;~~ m ~ lrilia111''1' DS30073D-page 3 

2-605 

• 



PIC17C42 

Table of Figures 

A 
B 
1.2.1 
1.3.1 
1.5.1 
1.5.2 
1.5.1.1 

PIC17C42 Pin:.Outs ...•...•.•....•..........•...•..•........•.•.... 1 
PIC17C42 Block Diagram •....•.........••.••..•...•.....•..•.• 5 
Internal Clocks ..•..•...•.•.•...••..••......•..••..••....•••......•... 6 
Instruction Fetch/Execute Pipeline .....•••.•..•.........•.. 7 

Program Memory Map ···'.········:···························· .. 8 
Memory Map iri Different Modes •.•.....••.•......•......... 8 
External Program Memory Read and 

Write Timings ·········································'··············· 9 
1.5.1.2 Nicroprocessor Mode Memory Connection 

1.6.1 
1.6.2 
2.7.1.1 
2.7.1.2 

2.7.1.3 
2.7.3.1 
2.8.1 
3.1.1 

3.2.1 
3.4.1 
3.4.2 
3.4.3 
3.4.4 
3.4.5 
3.4.6 

3.4.7 
3.5.1 
3.8.1 
5.0.1 
5.1.1 
5.2.1 
5.2.2 
5.3.1 
6.1.1.1 
6.1.1.2 
6.1.2.1 
6.2.1.1 
6.2.1.2 
6.2.1.3 
6.2.2.1 
6.2.2.2 
6.4.1.1 
6.4.1.2 
7.2.1.1 
7.2.1.2 
7.2.2.1 
7.2.2.2 
7.2.3.1 
7.3.1.1 
7.3.1.2 
7.3.1.3 

Diagram .....••.•.......•...........•.•......•...•.........•............. 9 
Data Memory Map ............................................... 10 
Register Ale Summary (PIC17C42) .................... 11 
Register INTSTA .......•..... ,., ..............•..•.•..•...•....... 15 
PIA (Peripheral Interrupt Request) 
Register ..•....••...•.......•..............................•......•.•... 16 
PIE (Peripheral Interrupt Enable) Register ..•....... 16 
RTCSTA: RTCC Status/Contr<il Register •.....•..... 16 
ALUSTA (ALU Status) Register .........................•. 17 
Simplified Block Diagram of On-Chip Reset 
Circuit ................................................................... 18 
Different Osclllator/Clockin Options ....•................ 20 
Brown Out Protection Circuit ........•.•.•..•........•....... 21 
Brown Out Protection Circuit ................................ 21 
External Reset Pulse ........................................... 22 
Using On-chip POR ............................................. 22 
Internal Reset (Voo and MCLR Tied Together) ... 22 
Internal Reset (Voo and MCLR Tied Together): 
Slow Voo Rise Time ............................................. 22 
OST Start-up Timing Details ................................ 22 
CPUSTA Register ................................................ 24 
Reading Fuse Location ........................................ 25 
VO Port Read and Write Timing ........................... 28 
PORTA Block Diagrams ...................................... 28 
PORTS Block Diagram ........................................ 30 
PORTS Block Diagram ........................................ 31 
Block Diagram of Ports C, D and E ...................... 32 
Asynchronous Transmission ................................ 35 
AsynchronousTransmission (back to back) ......... 35 
Asynchronous Reception ..................................... 36 
Synchronous Transmission .................................. 37 
Synchronous Transmission (through TXEN) ....... 37 
Synchronous Transmission (Slave) ..................... 37 
Synchronous Reception (Master Mode, SREN) .. 38 
Synchronous Master Mode Reception (CREN) ... 38 
RCSTA: Receive Status & Control Register ........ 42 
TXSTA: Transmit Status & Control Register ........ 42 
RTCC Module Block Diagram .............................. 43 
RTCSTA: RTCC Status/Control Register ............ 44 
RTCC Timing: Write High or Low Byte ................ 44 
RTCC Read/Write in Timer Mode ........................ 45 
RTCC Timing With External Clock ....................... 46 
nmenmmer2 Block Diagram ............................. 47 
TMR1, TMR2, TMR3TiminginTimerMode ........ 48 
Timer/Capture/PWM Control Register 1 
(TCON1) .............................................................. 48 

7.3.3.1 TMR1, TMR2 and TMR3 in External Clock 
Mode .................................................................... 49 

7.3.3.2 Timer/Capture/PWM Control Register 2 
(TCON2) .............................................................. 50 

7.4.1.1 Timer3/Capture Module Block Diagram ............... 52 
9.0.1 Instruction Decode Map ....................................... 56 
9.0.2 PWM Output ......................................................... 56 
10.0.1 Simplified PWM Block Diagram ........................... 65 
10.0.2 PWM OUtput ......................................................... 65 
11.1 PICMASTER™ System Configuration ................. 70 
12.3.6.1 Input Level Conditions .......................................... n 
12.3.6.2 Output Level Conditions ....................................... n 
12.3.6.3 Load Conditions ................................................... n 
12.4.1 Timing Diagram - External Program Memory 

Read ..................................................................... 78 
12.4.2 Timing Diagram - External Program Memory 

12.4.3 
12.4.4 
12.4.5 
12.4.6 

Write ..................................................................... 79 
Timing Diagram - Interrupt Timing ....................... 79 

~!~~RT6mii~i~g·:::::::::::::::::::::::::::::::::::::::::::::::::::: 
TABLRD Timing (Consecutive TABLRD 

12.4.7 ~:~~~~-i~9·::::::::::::::::::::::::::::::::::::::::::::::::::::~ 
12.4.8 TABLWTTiming (Consecutive TABLWT 

12.4.9 
12.4.10 
12.4.11 
12.4.12 
12.4.13 
13.1 

13.2 

13.3 

13.4 

Instructions) .......................................................... 82 
Sleep/Wake-up Through INT (LF, XT Modes) ..... 82 
Sleep/Wake-up Through INT (RC Mode) ............. 83 
Synchronous Transmission (master/slave) .......... 83 
Synchronous Receive (master/slave) .................. 83 
1/0 Port Input/Output Timing (PORTA, PORTS) .. 83 
Package Type: 40-Lead Ceramic Cerdip 
Dual In-Line with Window (.600 mil) ..................... 84 
Package Type: 40-Lead Plastic Dual In-Line ......... .. 
(.600 mil) ........ , ..................................................... 85 
Package Type: 44-Lead Plastic Leaded 
Chip Carrier (Square) ........................................... 86 
Package Type: 44-Lead Metric Plastic Quad Fine 
Pilch (MQFP 10x10MM Body 1.6/.015MM Lead 
Form) .................................................................... 87 

Table of Tables 

1.1 
1.5.1.2 

2.7.1 
3.2.1 
3.2.2 
3.5.1.1 
3.8.1 
5.1.1 
5.2.1 
5.5.1 
6.3.1 
6.3.2 
11.1 

PIC17C42 Pinout Description ................................ 5 
Access Time Requirements for External 
Memory .................................................................. 9 
Table of Interrupts ................................................ 14 
Oscillator Options ................................................. 19 
Capacitor Selection for Crystal Oscillator ............. 19 
Wake-up and Reset Function Table .................... 24 
Configuration Fuses ............................................. 26 
PORTA Functions ................................................ 27 
PORTS Functions ................................................ 29 
PORTE Functions ................................................ 33 
Baud Rates for Synchronous Mode ................... ..40 
Baud Rates for Asynchronous Mode ................... 40 
Development System Packages .......................... 71 

DS30073D-page 4 !Pir®~~m~n~ir~ © 1994 Microchip Technology Inc. 

2-606 



PIC17C42 OVERVIEW 

PIC17C42 is the first member of a high-performance 
EPROM based 8-bit CMOS microcontroller family. The 
PIC17C42 integrates a powerful CPU (160ns instruction 
cycle) with an array of peripheral resources making it 
ideal for complex real-time control applications. 

Microchip's EPROM technology allows the user to test 
and develop code on windowed cerdip package version 
and move into production with the cost effective One 
Time Programmable (OTP) plastic DIP package ver
sion. 

The PIC17C42 is fully supported by a host of software 
and hardware development tools. These include an 
assembler/linker; a low-cost in-circuit emulator; a high 
performance, in-circuit emulator; a programmer; and a 
programmer/development board. A C compiler is 
planned. All tools are supported by PC A T8 and compat
ible platforms. 

1.1 PIC17C42 Pinout Description 

Pin Name Pin Number Pin Function 
Type of Pins 

PIC17C42 

1.0 ARCHITECTURAL OVERVIEW 

The high performance of the PIC17C42 can be attributed 
to a number of architectural features commonly found in 
RISC microprocessors. To begin with, the PIC17C42 
uses a modified Harvard architecture, in which, program 
and data are accessed from separate memories. This 
improves bandwidth over traditional Von-Neuman archi
tecture where program and data are fetched from the 
same memory. Separating program and data memory 
further allows instructions to be sized differently than 8-
bit wide data word. In PIC17C42, op-codes are 16-bit 
wide making it possible to have all single word instruc
tions. Full 16-bit wide program memory access bus 
fetches a 16-bit instruction in a single cycle. A two-stage 
pipeline overlaps fetch and execution of instructions. 
Consequently, all instructions (55 in all) execute in a 
single cycle (160ns @ 25MHz) except for program 
branches and two special instructions that transfer data 
between program and data memory. 

The PIC17C42 can address 64K x 16 program memory 
space. It integrates 2K x 16 EPROM program memory 
on-chip. Program execution can be internal only 
(microcontroller mode), external only (microprocessor 
mode) or both (extended microcontroller mode). 

The PIC17C42 can directly or indirectly address 256 
data memory locations (file registers). All special func
tion registers including the program counter are mapped 
in the data memory. The PIC17C42 has an orthogonal 
(symmetrical) instruction set that makes it possible to 
carry out any operation on any register using any ad
dressing mode. This symmetrical nature and lack of 
'special optimal situations' make programming with the 
PIC17C42 simple yet efficient. In addition, the learning 
curve is reduced significantly. 

MCLRNPP llP 1 Master clear (reset) input. This is the active low reset input to the chip. During Programming mode, it is 
the programming voltage (VPP) input. 

OSC1/CLKIN I 1 Oscillator input in crystaVresonator or RC oscillator mode. External clock input in external clock mode. 
OSC2/CLKOUT 0 1 Oscillator output. Connects to crystal or resonator in crystal oscillator mode. In RC oscillator or external 

clock modes OSC2 pin outputs CLKOUT which has one fourth the frequency of OSC1 and denotes the 
instruction cycle rate. 

RAO/INT I 1 Input only port pin (bit 0 of Port A) and also external interrupt input. Interrupt can be configured to be on 
positive or negative edge. 

RA1/TOCKI I 1 Input only port pin (bit 1 of Port A) and also an external interrupt input. Interrupt can be configured to be 
on rising or falling edge. It is also the external clock input for the TMRO timer/counter. 

RA2,RA3 1/0 2 High voltage, high current open drain input/output port pins. 
RA4/RX/DT 1/0 1 Input only port pin (bit 4 of Port A). If the serial port is enabled, in full duplex asynchronous serial 

communication mode this is the receive pin. In hall duplex synchronous serial communication mode it is 
data input (during receive) or data output (during transmit). 

RAS/TX/CK 110 1 Input only port pin (bit 5 of Port A). If the serial port is enabled, in lull duplex asynchronous serial 
communication mode it is the transmit pin. In half duplex synchronous communication mode, it is shift 
clock input (slave mode) or clock output (master mode). 

(cont.) 
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PIC17C42 

Pin Name Pin Number Pin Function 
Type of Pins 

RBO/CAP1 llO 1 Port pin configurable as input or output in software, with Schmitt trigger Input (bit 2 of Port B). ltis also the PWM1 
input pin. 

RB1/CAP2 llO 1 Port pin configurable as input or output In software, with Schmitt trigger input (bit 3 of Port BJ. It Is also the PWM2 
input pin. 

RB2/PWM1 llO 1 Port pin configurable as Input or output in software, with Schmitt trigger input (bit 2 of Port B). It is also the PWM1 
output pin. 

RB3/PWM2 1/0 1 Port pin configurable as input or output in software, with Schmitt trigger input (bit 3 of Port B). It is also the PWM2 
output pin. 

RB4/TCLK12 llO 1 Port pin configurable as input or output in software, with Schmitt trigger input (bit 4 of Port B). ltis also the external 
clock input to timer1 and timer2. 

RB5/TCLK3 llO 1 Port pin configurable as input or output in software, with Schmitt trigger input (bit 5, of Port B). It is also the external 
clock input to timer3. 

RB6,RB7 1/0 2 Port pins configurable as input or output In software, with Schmitt trigger Input (bits 6 and 7 of Port B). 
RC7/AD7- llO 8 Eight bit wide Port C with each pin software configurable as input or output. Input is TTL 
RCO/ADO compatible (and not CMOS Schmitt trigger type). 

This is also the lower haH of the 16 bit wide system bus in microprocessor mode or extended microcontroller mode. 
In multiplexed system bus configuration, these pins are address output as well as data input or output. 

RD7/AD15- 1/0 8 Eight bit wide Port D with each pin software configurable as input or output. Input ism 
ROD/ADS compatible (and not CMOS Schmitt trigger type). 

This is also the upper byte of the 16 bit system bus in microprocessor mode or extended microprocessor mode 
or extended microcontroller mode. In multiplexed system bus configuration these pins are address output as well 
as data input or output. 

REO/ALE 1/0 1 Port pin configurable as input or output in software, with TTL compatible input (bit O of Port E). 
In microprocessor mode or extended microcomputer mode, it is the Address Latch Enable (ALE) output. Address 
should be latched on the falling edge of ALE output. 

RE1/0E 1/0 1 Port pin configurable as input or output in software, with TTL compatible input (bit 1 of Port E). 
In microprocessor or extended microcontroller mode, it is the Output Enable (OE) control output (active low). 

RE2/WR 1/0 1 Port pin configurable as input or output in software, with TTL compatible input (bit 2 of Port E). 

In microprocessor or extended microcontroller mode, it is the Write Enable (WR) control output (active low). 
TEST I 1 Test mode selection control input. Always tie to Vss for normal operation. 
Voo p 1 Power 
Vss p 2 Ground. Both pins must be connected to system ground. 

Legend: I = Input only; O = Output only; 1/0 = lnpuVoutput; P = Power. 

1.2 Internal Clocking Scheme 

Internally, the clock input to OSC1 pin is divided by four 
to generate four phases (01, 02, 03 and 04) each with 
a frequency equal to lose /4 and duty cycle of 25%. If 
EC (external clock) or RC oscillator mode Is selected, 

FIGURE 1.2.1 - INTERNAL CLOCKS 

01 Q2 Q3 

Q2 >----~ 

03;-------~ 

Q4 :~---------~ 

Q4 

the OSC2 pin provides a clock output, CLKOUT, which 
is high during 03, 04 and low during 01, 02. 

As long as internal chip reset is active, the clock genera
tor holds the chip in 01 state. The CLKOUT pin is driven 
low (EC, RC mode). 

01 Q2 Q3 Q4 

~ L._ _____ _1--------)._ ______ _r---------1 
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1.3 Instruction Flow/Pipelining 

An "Instruction Cycle" in PIC17C42 consists of 01, 02, 
03 and 04. Instruction fetch and execute are pipelined 
such that fetch takes one instruction cycle while decode 
and execute takes another instruction cycle. However, 
due to the pipelining, each instruction effectively ex
ecutes in one cycle. If an instruction causes the program 
counter to change (e.g. GOTO), then two cycles are 
required to complete the instruction. Additionally, there 
are two instructions, TABLRD and TABLWT, which take 
two or more cycles to complete. These are explained in 
more details 'Instruction Set' description. 

A fetch cycle begins with the program counter (PC) 
incrementing in 01. In external execution, the address is 
presented on pins AD15 - ADO during 02. The instruc
tion is latched on the falling edge of 04. 

The fetched instruction is latched into the "Instruction 
Register (IA)", which is decoded in 01 and executed 
during 02, 03 and 04. Data memory is read during 02 
(operand read), ALU operations are done in 03 and 
result is written back during 04 (destination write). 

FIGURE 1.3.1 • INSTRUCTION FETCH/ 
EXECUTE PIPELINE 

lrulooJooJ~lruJoolool~lrul~l 03J~1 

~ K PC ~ PC+1 ~ PC+2 : 

I 
AD<15:0> 

I 
ALE 

_I 
OEI 

INST(PC) INST(PC+1) 
R (~-,NST-(PC--,-,--; 

(Instruction I ~----/ ~--~ 

register) I 

l El!ecule INST (PC-1) I I 
l Fetch INST (PC) Exec:ule INST (PC) I 
r 

Fetch INST (PC+1) E>cocute INST (PC+1~ 
I 
I I F-INST (PC'2) J 

PIC17C42 

1.4 Memory Organization 

The PIC17C42 employs a Harvard architecture, i.e. it 
has separate program and data memory space. In 
addition, there is a hardware stack separate from both 
data and program space. The data space is 256 bytes in 
size. Most of the data space is implemented as static 
RAM (address 18h to FFh). Special function registers, 
implemented as individual hardware registers make up 
the rest of the data space. Refer to Section 1.6 for more 
details. Data memory "address" and "data' buses are 
not brought outside the chip. So the data memory can 
not be expanded externally. The user can, however, 
create data segments in external program memory, use 
TABLWT and TABLRD instructions to move data be· 
tween external program memory and the register file. 

The program memory is 16-bits wide. It is addressed by 
the 16-bit program counter for instruction fetch. It is also 
addressed by the table pointer register (TBLPTR, also 
16-bits wide) for data move to and from data space. 
Addressable program memory is 64K x 16. The 
PIC17C42 incorporates 2K x 16 EPROM program 
memory on-chip. 

1.5 Different Program Memory Organization 

The PIC17C42 operates in on of four possible program 
memory configurations which are: 

Microcontroller Mode: In this mode, only internal execu
tion is allowed and therefore, only the on-chip 2K pro
gram memory is available. Any access to program 
memory beyond 2K reads OOOOh (which is NOP). In 
addition to program memory, fuses, test memory, and 
boot memory (FEOOh to FFFFh) are accessible. 

Protected Microcontroller Mode: It is the same as micro
controller mode except that code protection is enabled. 
Refer to Section 4. 7 for details on code protection. 

Extended Microcontroller Mode: In this mode, on chip 
program memory (0-2K) as well as external memory {2K 
- 64K) are available. Execution automatically switches 
to external if program memory address is greater than 
07FFh. The fuses, test memory and the boot memory 
are not accessible in this mode. 

Microprocessor Mocle: In this mode the on-chip program 
memory is not used. The entire 64K program memory is 
mapped externally. The fuses, test memory and the 
boot memory are not accessible in this mode. 
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PIC17C42 

FIGURE 1.5.1 -PROGRAM MEMORY MAP 

0000 
0027 
0028 

FEOO 
FEOF 
FE10 

FFSF 
FFBO 
FFFF 

Fuses 

TestEPROM 

Boot ROM 

Reset Vector 

INT Pin Interrupt Vector 

RTCC Tomer Interrupt Vector 

RT Pon Interrupt Vector 

Peripheral Interrupt Vector 

FOSCO 
FOSC1 
FWD TO 
FWDT1 

FPMMO 
Reserved 

FPMM1 

Reserved 

0000 

0008 

0010 

0018 

0020 

0027 

FEOO 

FE01 

FE02 

FE03 

FBl4 

FE05 

FEOB 

FE07 

FEOB 

FEOF 

FIGURE 1.5.2 - MEMORY MAP IN DIFFERENT MODES 

Extended 

The different modes are selected by fuses FPMMO and 
FPMM1. These fuses are mapped in the following pro
gram memory locations: 

FPMMO: FE04h 

FPMM1: FE06h 

FPMMO FPMM1 Mode 

0 0 Microcontroller Mode _lCode ProtectedJ. 
0 1 Microcontroller Mode (Unprotected) 
1 0 Extended Microcontroller Mode 
1 1 Microprocessor Mode 

Note: * 1 = fuse unprogrammed or erased, 
O =fuse programmed. 

Reier to Section 4. 7 for information on code protection. 

Test Memory Boot Memory and Fuse Locations: Test 
memory space is used by the factory for testing pur
poses. The 'boot ROM' area holds programs used for 
programming and verification. The user need not be 
concerned about either of these. The fuse locations map 
configuration fuses used to select from various operat
ing modes. The fuses are explained in detail in 
Section 3.8. 

Microprocessor Microcontroller 
Mode Microcontroller Mode 

Mode 

0000 0000 0000 

On Chip On Chip 
EPROM EPROM 
Program Program 
Memory Memory 

07FF 07FF 
0800 0800 w 

() 
External ~ Program (/) 
Memory 

External :::;; 
< Program a: 

Memory (!) 
0 
a: 
D.. 

FFFF FFFF FEOO 

FFFF 

OFF-CHIP ON-CHIP OFF-CHIP ON-CHIP OFF-CHIP ON.CHIP 

:I ~· I :I ~:I 
w 

00~ ~ 
D.. 
(/) 

RAM s FF c 
OFF-CHIP ON-CHIP OFF.CHIP ON-CHIP OFF-CHIP ON-CHIP 
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1.5.1 EXTERNAL PROGRAM MEMORY INTERFACE 

If external execution is selected, ports C, D and E are 
configured as a system bus for external program memory 
access. Ports D and C, together, constitute a 16-bit wide 
multiplexed address and data bus. The three bit E port 
outputs control signals ALE (Address Latch Enable), OE 
(Output Enable) and WR (Write Enable). An external 
memory access cycle is comprised of four oscillator 
cycles (from 01 rising edge to 01 rising edge). During 
02, a 16-bit address is presented on ports C and D (RD7 
= MSB, RCO = LSB) and ALE is asserted. The address 
output should be latched by the falling ed~of ALE. In an 
instruction fetch or data read cycle, the OE is asserted 
durjng 03 and 04. The data is latched on the rising edge 
of OE. One oscillator cycle separation between OE i 
and address output guarantees adequate time for exter
nal memories to shut off their output drivers before 
address is driven on to the bus. 

In a data write cycle (only during TABLWT instruction), 
following address output during 02, data is driven onto 
the bus during 03 and 04. WR is asserted during 04 and 
the data output is valid both on its falling and rising edge. 

Figure 1.5. 1. 1 depicts read and write cycles and Table 
1.5. 1. 1 shows access time required of the external 
memory components. For complete timing information 
on the system bus, refer to the AC Characteristics 
Section. 

PIC17C42 

FIGURE 1.5.1.1 - EXTERNAL PROGRAM 
MEMORY READ AND 
WRITE TIMINGS 

1~:~:00:~ ~:~:00:~1 
PD I _)(_ _J--

<15:0>: Address out Data In Address out Data out Jc 
ALE!- I 
oe;.-~~~'--~~~f-~~~~~~-----,,11 

\NR!-·1~·~~~~~~--;-~~~~~--~ 
Readcyde Wrllecyde 

TABLE 1.5.1.2-ACCESS TIME REQUIRE
MENTS FOR EXTERNAL 
MEMORY 

Osc Instruction 
frequency cycle time tacc toe 

(Tcy) 

8MHz 500ns 345ns 190ns 

16 MHz 250ns 157.5ns 65ns 

20MHz 200ns 120ns 40ns 

25MHz 160ns 90ns 20ns 

Note: Estimated access time requirements. Exact number 
will be available after full characterization. 

FIGURE 1.5.1.2-TYPICAL MICROPROCESSOR MODE MEMORY CONNECTION DIAGRAM 

AD15- 0 

AD7·0···· 

PIC17C42 

AD15·8···· 

ALE>--~~~~~~----1 

1/0* !============j _ _J 

*Only required if wishing to do paged memory (from 8000h - FFFFh) 

© 1994 Microchip Technology Inc. !P11®~imilrll~ll1f 
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(LSB) 
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PIC17C42 

1.6 Data Memory Organization 

Data memory in the PIC17C42 is organized as 256 x 8. 
It is accessed via an internal 8-bit data bus and an 8 bit 
data-memory-address-bus (derived from the instruction 
register). Data memory can be addressed via direct 
addressing mode or through indirect addressing mode 
using file select registers FSRO or FSR1 as pointer 
registers. 

All special function registers (e.g. W, TMRO, Program 
Counter, Ports) are mapped in the data memory. The 
rest of the data memory is implemented as static RAM. 
A few special function registers such as Table Latches 
(TBLATH, TBLATL) are not mapped in data memory or 
any other memory space. Also not addressable are the 
watchdog timer and the stack pointer. 

FIGURE 1.6.1 - DATA MEMORY MAP 

00 Indirect Addressing o 
01 FSRO 
02 PCL 
03 PCLATH 
04 Al.USTA 
05 ATCSTA 
06 CPUSTA 

07 INTSTA 
08 Ind""°' Addressin__g_1 
09 FSR1 

DA w 
OB TMROL 
DC TMROH 

00 TBLPTRL 

OE TBLPTRH 
OF BSA 

Bank 1 

10 PORTA OORC 

11 DORB POATC 
12 PORTB DORO 

13 RCSTA PORTO 

14 RCREG Dl>'IE 

15 TXSTA PORTE 

16 TXREG PIA 

17 SPBRG PE 

18 

\. \. 

1.6 1 ORGANIZATION OF SPECIAL FUNCTION 
REGISTERS 

Figure 1.6.1 shows the data memory space in detail: 

a. Address OOh:OFh are mostly special function regis
ters related to the CPU. 

b. Address 1Oh:17h are 'peripheral registers' such as 
timer register or port data latch. Since there are 
many more peripheral registers than can be mapped 
into eight address locations, a banking scheme is 
used. A bank select register, BSA (address OFh) is 
used to select one of many banks. Only the lower 4 
bits of BSA are implemented in the PIC17C42, 
making it possible to address up to 16 banks. 

c. Address locations 18h: 1 Fh are general purpose file 
registers implemented as part of the static RAM. 
However, these locations have the added privilege 
of being source or destination of a MOVPF or 
MOVFP instruction respectively. 

d. Locations 20h:FFh are general purpose file regis
ters implemented as static RAM. 

Bank2 Bank3 

TMR1 PW1DCL 
TMR2 PW2DCL 
TMR3L PW1DCH 

TMR3H PW2DCH 
PR1 CA2L 

PR2 CA2H 
PR3UCA1L TCON1 

PR3H/CA1H TCON2 

Note: Files 10-18 in first column are mapped into bank 0, while the other files in this column are unbanked registers. 
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PIC17C42 

FIGURE 1.6.2 - REGISTER FILE SUMMARY (PIC17C42) 

1----A'-'l"'ena=me.;:;.. ___ +-_e_1_t 1_..L.._e_1t_s_..L.._e_1t_5 _ _,__e_n_4_,___ei_t 3 _ _,__e_1t_2 _ _.__e_1t_1 _ _,__e_it_o_. value on power Value on au other 
UllllAllKEl2.: on reset reset (note3) 

00 
01 
02 
03 
04 
05 
06 
07 
08 
09 
OA 
OB 
oc 
OD 
OE 
OF 

llAIOOt 
10 
11 
12 
13 
14 
15 
16 
17 

l!AHlU: 
10 
11 
12 
13 
14 
15 
16 
17 

SAHK2; 
10 
11 
12 
13 
14 
15 
16 
17 

l!AHKa: 
10 
11 
12 
13 
14 
15 
16 
17 

Notes: 

INDFO 
FSRO 
PCL 
PCLATH 
ALUSTA 
RTCSTA 
CPUSTA 
INTSTA 
INOF1 
FSR1 
w 
TMROL 
TMAOH 
TBLPTAL 
TBLPTAH 
BSA 

PORTA 
DOAe 
PORTS 
ACSTA 
ACAEG 
TXSTA 
TXAEG 
SPeAG 

DORC 
PORTC 
DORO 
PORTO 
DORE 
PORTE 
PIA 
PIE 

TMA1 
TMR2 
TMA3L 
TMR3H 
PR1 
PR2 
PA3UCA1L 
PR3H/CA1H 

PW10CL 
PW20CL 
PW1DCH 
PW20CH 
CA2L 
CA2H 
TCON1 
TCON2 

Uses contents of F1 to address date memory (not a physical register) 
Indirect data memory address pointer O 
Low order 8 bits of PC 

~:~~:11ste!~r1r B b1~ PC (NI o:~~S3 I A~S2 I AI~S1 I 
- - STKAV GLINTD TO PD 

PEIA RTXIA TOIA INTIA PEIE RTXIE 

Uses contents of F9 to ress data memory (not a physical register) 
Indirect data memory address pointer 1 
Wregister 
TilllOfO Low byte 
Timo!O High byte 
Low byte of program memory table pointer 
High byte of program memory table pointer 
Bank select register 

PUEB T - 1 RAST 
Data Direction Register for PORTS 
PORTe data latch 
SPEN AC8/ll SAEN 
Serial Port Receive Register 
CSAC TX819 TXEN 
Serial Port Transmit Register 
Baud Rate Generator 

Data Direction Register for PORTC 
PORTC data latch 
Data Direction Register for PORTO 
PORTO data latch 
Data Direction Register for PORTE 
PORTE data latch 

CAEN 

SYNC 

IAB 
I Ee 

TM31R 
TM31E 

TM21A 
TM21E 

TM11R 
TM11E 

Timerl 
Timer2 
Timer3 Low byte 
Timer3 High byte 
Timerl Period Register 
Timer2 Period Register 

RA3 T 

CA21R 
CA21E 

Timer3 Period Register, low byte/capture1 register, low byte 
Timer3 Period Register, High byte/capture1 register, high byte 

DC1 DCO 
DC1 DCO 
OC9 DCB 
ocg DCa 

Capture2 low byte 
Capture2 high byte 

TM2PW2 
DC7 
DC7 

OC6 
DC6 

OC5 
DC5 

FERR 

CA11R 
CA11E 

DC4 
DC4 

DC 

RTPSO I 
TOIE 

c 

INTIE 

RA1/RT 1 RAQ.llNT 

OERR RCDB 

TRMT TXDB 

TBMT 
TXIE 

DC3 
DC3 

AeFL 
ACIE 

OC2 
DC2 

CA2E011 CA2ED01CA1E01 l CA1EDOl 16&_1 TMA3C l TMA2C JTMA1C 
CA20VF CA10VF PWM20N PWM10N CAl/PA3 TMA30N TMA20N Th1A10N 

00000000 
xxxxxxxx 
00000000 
xxxxxxxx 
llllXXXX 
00000000 
00111100 
00000000 
00000000 
xxxxxxxx 
xxxxxxxx 
xxxxxxxx 
xxxxxxxx 
xxxxxxxx 
xxxxxxxx 
00000000 

ooxxxxxx 
11111111 
xxxxxxxx 
OOOOOOOX 
xxxxxxxx 
0000001X 
xxxxxxxx 
xxxxxxxx 

11111111 
xxxxxxxx 
11111111 
xxxxxxxx 
00000111 
OOOOOXXX 
00000010 
00000000 

xxxxxxxx 
xxxxxxxx 
xxxxxxxx 
xxxxxxxx 
xxxxxxxx 
xxxxxxxx 
xxxxxxxx 
xxxxxxxx 

xxoooooo 
xxoooooo 
xxxxxxxx 
xxxxxxxx 
xxxxxxxx 
xxxxxxxx 
00000000 
00000000 

00000000 
uuuuuuuu 
00000000 
uuuuuuuu 
llllUUUU 
00000000 
0011 ??00 
00000000 
00000000 
uuuuuuuu 
uuuuuuuu 
uuuuuuuu 
uuuuuuuu 
uuuuuuuu 
uuuuuuuu 
00000000 

oouwuuu 
11111111 
uuuuuuuu 
ooooooou 
uuuuuuuu 
OOOOOOlU 
uuuuuuuu 
uuuuuuuu 

11111111 
uuuuuuuu 
11111111 
uuuuuuuu 
ooooouuu 
ooooouuu 
00000010 
00000000 

uuuuuuuu 
uuuuuuuu 
uuuuuuuu 
uuuuuuuu 
uuuuuuuu 
uuuuuuuu 
uuuuuuuu 
uuuuuuuu 

uuoooooo 
uuoooooo 
uuuuuuuu 
uuuuuuuu 
uuuuuuuu 
uuuuuuuu 
00000000 
00000000 

X=unknown 
u = unchanged 

1: The upper byte of the program counter is not directly accessible. f03 is a holding register for PC<15:8> whose contents are 
updated from or transfered to the upper byte of the program counter. 

2: The "TO" and PD" status Ms in f06h are not affected by a "MCLR" reset. TO b~ will be reset in the event of a WOT time-out 
reset. 

3: Other (non power-up) resets include external reset through MCLR pin and Watchdog Timer timeout reset. 
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PIC17C42 

2.0 HARDWARE DESCRIPTION OF 
THE CPU 

2.1 Indirect Addressing Registers (INDFO 
and INDF1) 

These two register locations (not physically implemented) 
are used to implement indirect addressing of data memory 
space. An instruction using INDFO or INDF1 actually 
accesses the data memory location pointed to by the 
corresponding FSR registers. If file INDFO (or INDF1) 
itself is read indirectly via an FSR, all zeroes are read. 
Similarly, if INDFO (or INDF1) is written to indirectly, the 
operation will be equivalent to a NOP. 

Single cycle data transfers within the entire data space 
are possible with MOVFP and MOVPF instructions, 
when "p" is specified as INDFO and "I" as INDF1, or vice 
versa. 

2.2 File Select Registers (FSRO and FSR1) 

These two registers are 8-bit wide indirect address 
pointers for data memory. They can be auto
incremented, auto-decremented or left unchanged after 
each access as determined by the four control bits in the 
STATUS register "ALUSTA" (File 04h bits 7:4). See 
Figure 2.8.1. 

2.3 Table Pointer (TBLPTRL and TBLPTRH) 

File registers TBLPTRL and TBLPTRH form a 16-bit 
pointer to address the 64K program memory space. The 
table pointer is used by instructions TABLWT and 
TABLRD. 

The TABLRD and the TABLWT instructions allow trans
fer of data between program and data space. The table 
pointer serves as the 16-bit address of the data word 
within the program memory. 

3.4 Table Latch (TBLATH. TBLATL) 

The table latch (TBLA T) is a 16-bit register, consisting of 
TBLA TH and TBLA TL refer to the high and low bytes of 
the register. It is not mapped into data or program 
memory. The table latch is used as a temporary holding 
latch during data transfer between program and data 
memory (see descriptions of instructions TABLRD, 
TABLWR, TLRD and TLWR). 

2.5 Program Counter Module 

The Program Counter (PC) is a 16-bit register. PCL, the 
low byte of the PC, is mapped in the data memory (file 
02h). PCL is readable and writable just as any other 
register. PCH is the high byte of the PC and is not directly 
addressable since PCH is not mapped in data or pro
gram memory. An 8-bit register PCLATH (PC high latch) 
is used as a holding latch for the high byte of the PC. 
PCLATH is mapped into data memory (file 03h). The 
user can read or write PCH through PCLA TH. 

The 16-bit wide PC is incremented after each instruction 
fetch during 01 unless modified by GOTO, CALL, 
LCALL, RETURN, RETLW, or RETFIE instruction or 
interrupt response or due to destination write to PCL by 
an instruction. "Skip"s are equivalentto incrementing the 
PC twice. 

The operations of the PC and PCLATH for different 
instructions are as follows: 

a) LCALL: 

PCLA TH --t PCH , IR<7:0> --t PCL (PCL is loaded 
with 8-bit destinaton address embedded in the 
instruction. PCLATH is unchanged. 

b) CALL GOTO: 

A 13-bit destination address is provided in the 
instruction 
IR<12:0> --t PC <12:0> 
PC<15:13> --t PCLATH<7:5> 

c) Read PCL (Any instruction that reads PCLl: 

PCL --t data bus --t ALU or destination 
PCH --t PCLATH 

d) Write PCL (Any instruction that writes to PCLl: 

8-bit data --t data bus --t PCL 
PCLA TH --t PCH 

e) Read-Modify-Write (Any instruction that does a 
read-write-modify operation on PCL, such as 
ADDWFPCL) 

Read: PCL --t data bus --t ALU 
Write: 8-bit result --t data bus --t PCL 

PCLA TH --t PCH 

Note that read-modify-write only affects the PCL with the 
result. PCH is loaded with PCLATH. Thus, ADDWF 
PCL, for example will result in a jump within the current 
page. If PC= 03F0h, W = 30h and PCLA TH= 03h before 
instruction, PC= 0320h after the instruction. To accom
plish a true 16-bit computed jump, the user needs to 
compute the 16-bit destination address, write the high 
byte to PCLATH and then write the low value to PCL. 

The following PC related operations do not change 
PCLATH: 

a) LCALL, RETLW, RETURN, RETFIE instructions, 
b) Interrupt vector is forced onto the PC, 
c) Read-modify-write instructions (e.g. BSF PCL) on 

PCL. 

DS30073D-page 12 IPir®~imillll~IFY' © 1994 Microchip Technology Inc. 
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2.6 ~ 

The PIC17C42 has a 16-word x 1- bit hardware stack 
which is not part of data or program space. The PC is 
pushed onto the stack if CALL or LCALL instructions are 
executed or if an interrupt is responded to by branching 
to the corresponding interrupt vector. The stack is PO Ped 
into the PC if a RETURN, RETLW or RETFIE instruction 
is executed. The top of the stack is not addressable in 
any other way. 

2 6.1 STACK AVAILABLE STATUS BIT 
(BIT 5. CPUSTAl 

STKA VL is a read only status bit that indicates any stack 
overflow error. STKAVL is set on reset and stays set 
unless the following situation occurs: 

If stack is full: i.e. there are 16 entries in the stack the 
STKA VL is cleared. If the stack is popped (by RETURN, 
RETLW or RETFIE instruction) then STKAVL is set 
again indicating 'stack availability'. 

If, however, a push takes place instead (due to CALL, 
LCALL or interrupt), then stack overflow occurs. In this 
event, the first entry is lost and STKA VL is pennanently 
cleared. Under this condition, the only way STKA VL will 
be set is via reset. 

SIKAVL usage caution: If the stack is empty, a POP 
(due to RETURN, RETLW or RETFIE) followed by a 
PUSH, will pennanently clear STKA VL. 

For a description of CPUSTA register, see Figure 4.5.1. 

2.6.2 USING THE STKAVL BIT 

One way to use the STKA VL bit is to test it at the 
beginning of every subroutine or interrupt service rou
tine. If STKA VL is clear, then all stack locations are used 
(and presumably no error has occurred yet). In such 
case, interrupts must be disabled in the subroutine. 
Also, no subroutine calls must be made unless software 
stack management is invoked. 

PIC17C42 

2.7 Interrupt Logic 

The PIC17C42has11 interruptsourcesthataremapped 
into 4 interrupt vectors. The interrupt logic is controlled 
by the INTSTA register and the global interrupt disable 
bit (GUNTO) in CPUSTA register. See Figure 4.5.1 for 
a description of CPUST A register. Four hard-wired 
vectors allow fast interrupt response time. Worst case 
latency is three instruction cycles when only one inter
rupt at a time is being serviced. Interrupt nesting to 
multiple levels is possible by enabling interrupts within 
the service routine. When an interrupt occurs, the cur
rent PC value is pushed onto the stack and the vector 
corresponding to the interrupt source is loaded into the 
PC. 
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PIC17C42 

2.7.1 INTERRUPT FLAG AND MASK BITS 

Each interrupt has a request flag bit and a mask bit 
associated with it. The registers that hold these bits are 
INTSTA(file07h), PIR(Bank 1, file 16h)and PIE(Bank 
1, file 17h). See Table 3.7.1 for details. 

Interrupt flag bits INTIR. TOIR or RTXIR are cleared 
automatically in hardware. PEIR is not cleared auto
matically since it is not a latched bit. PEIR is simply the 
OR of all the individual peripheral interrupt flag bits such 
as IRB, TM31R, etc. Therefore, if PEIR is the source of 
the interrupt, the user must clear, in software, the actual 
peripheral interrupt flag bit. The global interrupt disable 
bit, GUNTO, is set, preventing any further interrupt. To 
enable interrupts from the service routine the user must 
clear GUNTO. The user must first clear the current 
interrupt flag bit to prevent recursive vectoring to the 
same service routine. 

The TABLWT instruction, in a long write situation (i.e. 
writing to on-chip EPROM location) must be terminated 
with an interrupt. On completion, TABLWT clears the 
interrupt flag in the same exact fashion as an interrupt 
response, i.e. INTIR, RTCIR or RTXIR flag will be 
cleared if responsible for ending the TABLWT. 

2.7.2 PERIPHERAL INTERRUPTS 

All peripherals use the same interrupt vector, 0020h. 
The individual peripheral interrupt request bits are "OR
ed"together. When multiple peripheral interrupt sources 
are enabled, the priorities have to be determined by 
software. Each peripheral has its own interrupt enable 
and request bit(s). In addition, the PEIE (Peripheral 
Interrupt Enable) bit acts as a global enable bit for all 
peripheral interrupts. There is a common peripheral 
interrupt request status bit (PEIR, bit 7, register 
INTSTA)which is a logical OR of all the individual 
peripheral interrupt request flags. This is a read only 
status bit useful for quickly determining if any peripheral 
request is outstanding. 

2.7.1 -TABLE OF INTERRUPTS 

Interrupt Flag location Interrupt Mask bit 
flag bit, Register mask bit location bit , 

Register 

INTIR bit 4,INTSTA INTIE bit 0, INTSTA 
TOIR bit S,INTSTA TOIE bit 1, INTSTA 
RTXIR bit 6, INTSTA RTXIE bit2, INTSTA 
PEIR bit 7, INTSTA PEIE bit3, INTSTA 

IRB bit?, PIA IEB bit?, PIE 
TM31R bit6, PIA TM31E bit6, PIE 
TM21R bitS, PIA TM21E bitS, PIE 
TM11R bit4, PIA TM11E bit4, PIE 
CA21R bit3, PIA CA21E bit3, PIE 
CA11R bit2, PIA CA11E bit2, PIE 
TBMT bit 1, PIA TXIE bit 1, PIE 
RBFL bitO, PIA RCIE bitO, PIE 

2.7.3 INTERRUPT AND TABLWT INTERACTION 

On the PIC17C42, the TABLWT instruction can be used 
to either program the on-chip EPROM or to write to an 
external memory mapped in address space. In order to 
accomplish a write to internal program memory (i.e. 
program the EPROM), interrupts are required to time the 
programming event. If a TABLWT is executed and the 
table-latch is pointing to an internal memory location, the 
PIC17C42 goes into a long write (i.e. programming is 
initiated). The PIC17C42 stays in a long write mode until 
either an unmasked interrupt occurs or the chip is reset. 
If an unmasked interrupt occurs the long write is termi
nated, the interruptthat caused the termination is cleared 
in hardware (except for peripheral interrupts which are 
never cleared in hardware). Only the interrupt that 
caused the termination of the TABLWT instruction is 
cleared. In the case where an interrupt is pending, the 
TABLWT is aborted and no programming occurs but the 
interrupt flag is still cleared. This sequence of events is 
true for any TABLWT regardless of an internal write or an 
external write. 

A table write to locations off-chip to the PIC17C42 are 
handled much the same way as internal writes. The 
major difference is that the table is forced to be a two
cycle only instruction since it will only take one cycle to 
actually write the external memory locations. The inter
rupt interaction, however, is the same. If an unmasked 
interrupt is pending or occurs during an external TABLWT, 
the interrupt is cleared (except for peripheral interrupts). 
Since the external TABLWT is already forced to a two
cycle instruction, the external TABLWT is already forced 
to a two-cycle instruction, the external write still occurs. 

If the application is doing an external TABLWT and using 
hardware clearable interrupts (RT, INT, TMRO), then it is 
important to mask those interrupts during a TABLWT so 
the interrupt flag is not cleared as a result of the TABLWT. 

Interrupt Source Priority Vectors to 

External interrupt on INT pin Highest priority 0008h 
TMRO overflow interrupt 2nd priority 0010h 
External interrupt on RT pin 3rd priority 0018h 
Any peripheral interrupt Lowest priority 0020h 

Port 8 input change interrupt lowest priority 0020h 
Timer/Counter3 interrupt (All these 
Timer/Counter2 interrupt peripheral 
Timer/Counter1 interrupt interrupts are 
Capture1 interrupt OR'ed together 
Capture2 interrupt to generate 
Serial port transmit interrupt PEIR) 
Serial port receive interrupt 
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FIGURE 2.7.1.1 - REGISTER INTSTA 

RJW RJW A RJW RJW RJW RJW 

[ PEIR I RTXIR I TOIR l INTIR I PEIE l RTXIE I TOIE I 
RJW 

INTIE J 
bilO 

L__ 

PIC17C42 

Register INTSTA A = Read only bit 
File 07h RJW = Readable/writable bit 
Reset Value: OOh U= Unused, reads as 0 

O : Disable INT interrupt 
1 : Enable INT interrupt 

0 : Disable TMRO interrupt 
1 : Enable TMRO interrupt 

0: Disable RA11TOCKI pin interrupt 
1 : Enable RA 11TOCKI pin interrupt 

o : Disable all peripheral interrupts 
1 : Enable all peripheral interrupts 

INT interrupt request flag. Set by rising or falling 
edge on INT pin. Reset automatically b) 
hardware. 

TMRO timer interrupt request flag. Set when 
TMRO overflows. Reset automatically bl 
hardware. 

TOCKI pin interrupt. Set by rising or falling edge 
on TOCK! pin. Reset automatically by hardware. 

Peripheral Interrupt Request flag. It is read 
only. 

FIGURE 2.7.1.2- PIR (PERIPHERAL INTERRUPT REQUEST) REGISTER 

RJW RJW RJW RJW RJW RJW A 

[ IRS I TM31R I TM21R I TM11R I CA21R I CA11R I TBMT I 

© 1994 Microchip Technology Inc. 

A 

RSFL J 

t 
Register PIA A= Read only bit 
File 16h Bank 1 RJW = Readable/writable bit 
Reset Value: OOh U = Unused, reads as 0 

Serial port receive interupt. Set when receive 
buffer (RCREG) is full. Reset when receive 
buffer is empty. It is a read only bit. 

Transmit interrupt. Set when transmit buffer 
(TXREG) is empty. Reset when transmit buffer 
is full. It is a read only bit. 

Capture 1 interrupt. Set when a capture event 
occurs. Reset by software. 

Capture2 interrupt. Set when a capture event 
occurs. Reset by software. 

Timer1 interrupt. It is set when timer1 reaches 
period value and resets. Reset by software. 

Timer2 interrupt. Sets when timer2 reaches 
period value and resets. Reset by software. 

If capture1 is enabled (CA1/PR3 = 1) then this 
interrupt is set when timer3 overflows. 
If capture1 is disabled (CA1/PR3 = 0) then the 
interrupt will be generated when timer< 
reaches period value and resets. Reset by 
software. 

PORTS interrupt. Set when PORTS inpul 
changes. (from port latch value) Reset in 
software 
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FIGURE 2.7.1.3 ·PIE (PERIPHERAL INTERRUPT ENABLE) REGISTER 

R/W R/W R/W R/W R/W R/W R/W R/W 

[ IEB I TM31E I TM21E I TM11E I CA21E I CA11E I TXIE I RCIE J Register PIE 
File 17h, Bank 1 
Reset Value: OOh 

R = Read only bit 
R/W = Readable/writable bit 
U = Unused, reads as 0 

2.7.4 INT AND RT EXTERNAL INTERRUPTS 

INT and RT external interrupts can be positive or nega
tive edge triggered, selectable in software. INT interrupt 
is generated on falling edge if INTEDG = O or on rising 
edge if INTEDG = '1'. Similarly, setting bit RTEDG = 'O' 
will generate TOCKI pin interrupt on falling edge whereas 
RTEDG = '1' will trigger RT interrupt on rising edge. The 
timing requirements on INT and RT inputs are as follows: 

llNTH = tRT1H = INT or RT high time ~ 25ns 

t1NTL = tRT1L = INT or RT low time~ 25ns 

t O : Disable receive interrupt (RBFL) 
1 : Enable receive interrupt (RBFL) 

O : Disable transmit interrupt (TBMT) 
1 : Enable transmit Interrupt (TBMT) 

O: Disable capture1 interrupt (CA11R) 
1 : Enable capture1 interrupt (CA1 IR) 

0 : Disable capture2 Interrupt (CA21R) 
1 : Enable capture2 interrupt (CA21R) 

0 : Disable Timer1 Interrupt (TM1 IR) 
1 : Enable Timer1 Interrupt (TM1 IR) 

O : Disable Timer2 interrupt (TM21R) 
1 : Enable Timer2 interrupt (TM21R) 

0 : Disable Tlmer3 interrupt (TM31R) 
1 : Enable Timer3 interrupt (TM31R) 

O : Disable Port B interrupt (IRB) 
1 : Enable Port B interrupt (IRB) 

Please note that changing edge selection for INT or RT 
pin may generate a false interrupt. The user should 
clear the INTIR or the RTXIR bit after changing edge 
setting. 

See RTCSTA (register file 05h) for bit allocation. 

FIGURE 2.7.3.1 - RTCSTA: TMRO STATUS/CONTROL REGISTER 

R/W R/W R/W R/W R/W R/W R/W R/W 

[ INTEDG l TOEDG l TIC l RTPS3 l RTPS2 l RTPS1 l RTPSO l unused J 
bitO 

DS30073D-page 16 Pin~~~ m ~ IT!l©l11'3f 
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Register RTCSTA 
File05h 
Reset Value: OOh 

R/W : Readable/Writable 

-Prescale Valye Selection 

RTPS <3:0> Prescale Value 

0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1XXX 

1:1 
1:2 
1:4 
1:8 
1:16 
1:32 
1:64 
1:128 
1:256 

1 : Timer mode, i.e. clock source is internal (OSC/4) 
O: CCunter mode, i.e. clock source is external (RT pin) 

0: TMRO increments and/or TOCKI interrupt generated 
on a falling edge on TOCKI pin. 

1 : TMRO increments and/or RA 1fTOCKI interrupt 
generated on a rising edge on RA 1 fTOCKI pin. 

o: INT interrupt generated on falling edge on INT pin 
1 : INT interrupt generated on rising edge of INT pin 

© 1994 Microchip Technology Inc. 



2.8 A!Jl 
The Arithmetic and Logic Unit of the PIC17C42 is 
capable of carrying out arithmetic or logical operations 
on two operands or a single operand. All single operand 
instructions operate either on the W register or a file 
register. For two operand instructions, one of the 
operands is the W register and the other one is either a 
file register or an 8-bit immediate constant. 

FIGURE 2.8.1 - ALUSTA (ALU STATUS) REGISTER 

PIC17C42 

RN/ RN/ RN/ RN/ RN/ RN/ RN/ RN/ 

[ FS3 J FS2 I FS1 J FSO J ov J z J DC J c JI l Register ALUSTA JR= Reed only bit ~ 
.__~_..__,.. _ _._,_,. _ _._,_,. _ _._,_,. _ _.__......,_....____,.--....... _....--_. File 04h RN/= Readable/writable bit 

I bit O L Reset value: 1111 XXXXb u = Unused reads as o 

C 1994 Microchip Technology Inc. 

L__ Qimx..Elag: Set by arithmetic instructions when a carry 
out from MSB occurs. Also affected by rotate through 
carry instructions. 
~Set by arithmetic instructions when a carry 
from lower nibble to upper nibble occurs. 

Zllm.EJag; Set to ·1 • when the result of an arithmetic or 
logical operation Is zero. 

'------------ Qyerf!owFleg· Setto'1'when anoverllow(lrom 
magnitude to sign bit) occurs in an arithmetic operation. 
It is the XOR of carry-in and carry-out of the MSB bit. 

IPtr®~~m~n~iry 
2-619 

ESBO MQde Select· 
00: Post auto-decrement FSRO 
01: Post auto-increment FSRO 
10: Reserved (currently same as 11) 
11: No change to FSRO 

fSB1 MQde Select· 
00: Post auto-decrement FSB1 
01: Post auto-increment FSR1 
10: Reserved (currently same as 11) 
11: No change to FSR1 
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3.0 SPECIAL FEATURES OF THE 
CPU 

What sets apart a microcontroller from other processors 
the most are special circuits to deal with the needs of 
real time applications. The PIC17C42 has a host of such 
features intended to maximize system reliability, mini
mize cost through elimination of costly external compo
nents, provide power saving operating modes and offer 
code protection. 

ThePIC17C42hasaWatchdogTimerwhichcanbeshut 
off only through EPROM fuses. It runs off its own RC 
oscillator for added reliability. There are two timers that 
offer necessary delays on power-up. One is the Oscilla
tor Start-up Timer (OST), intended to keep the chip in 
reset until the crystal oscillator is stable. The other is the 
Power-up Timer (PWRT), which provides a fixed delay 
of 80ms nominal on power up only, designed to keep the 
part in reset while the power supply stabilizes. With 
these two timers on chip, most applications need no 
external reset circuitry. The SLEEP mode is designed to 
offer a very low current power-down mode. The user can 
wake up from SLEEP through external reset, Watchdog 
Timer timeout or through an interrupt. Several oscillator 
options are also made available to allow the part to fit the 
application. The RC oscillator option saves system cost 
while the LF (Low Frequency) crystaVresonator option 
saves power. A set of EPROM configuration bits (fuses) 
are used to select various options. Additional EPROM 
fuses are included for code-security. 

3.1 Reset 

The reset logic resets the complete PIC17C42 circuitry 
as follows: 
• Oscillator buffer is enabled (i.e. oscillator is restarted 

if waking up from SLEEP through reset). 
• Program Counter is reset to OOOOh. 
• All registers are reset as described in Table 1.6.2. 
• Watchdog timer and its prescaler are cleared. 
• Internal phase clock generator is held in 01 state. If 

external execution is selected, ALE output is held low 
while OE and WR outputs are driven high. 

• VO ports B, C, D and E are configured as inputs. In 
case of port B, the weak pull-ups are activated. Ports 
RA2 and RA3 revert to high impedance state. 

There are three events which can cause a device reset. 
a) Power-On Reset :Voo rise is detected (1.2V - 2.0V 

range) 
b) External reset: "Low" level on the MCLR input 

c) WOT reset Watchdog Timer Timeout 

The RESET condition is maintained as long as: 
a) The MCLR input is "low" 
b) MCLR has gone high but the Power-up Timer 

(PWRT) is active, (i.e. has not timed out) 

c) MCLR has gone high but the Oscillator Start-up 
Timer (OST) is active (i.e. has not timed out) 

FIGURE 3.1.1 - SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT 

OSTIPWRT 

10 bit Ripple counter 

05300730-page 18 

POWER_UP 
(Enable the PWRT timer 
only ff It is power_up.) 

lPOWER_UP +WAKE_UP) (XT +LP) 

~~~p~~m=-~~r~-up 

IPw<ei~nmn~~wy 
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3.2 Oscillator 

The PIC17C42 can accept an external clock input on 
OSC1 pin or will run off external crystal or ceramic 
resonator connected between OSC1 and OSC2 pins. It 
also has an RC oscillator mode in which an external R 
and C combination can be connected to OSC1 pin. The 
choice is made by EPROM fuses FOSC1 and FOSCO. 
These fuses are mapped in program memory locations 
FE01 hand FEOOh respectively. Refer to section 4.8 for 
details on the fuses. 

TABLE 3.2.1 - OSCILLATOR OPTIONS 

Foac1, Mode OSC1 Pin OSC2Pln Freq. 
FUSCO Function Function Range 
Fu889 

11 EC: External Clock input External clock CLKOUT DC·25Mhz 
input output 

01 RC: RC oscillator External RC CLKOUT DC-4Mhz 
mode oscitlator output 

connectkm 

10 XT: Crystal oscillator Crystal Crystal 0.2-25Mhz 
mode connection connection 

00 LF: Low frequency Crystal Crystal 32·200Khz 
crystal oscillator connection connection 
mode 

Note: o implies a programmed fuse. 

3.2.1 EC: EXTERNAL CLOCK INPUT MODE: 

The OSC1 input can be driven by CMOS drivers (figure 
4.2.1A). In this mode, the OSC1 pin is a high impedance 
CMOS input. The OSC2 pin outputs CLKOUT (fre
quency= fosc/4). See Figure3.2.1 fortimingof CLKOUT. 

3.2.2 RC: RC OSCILLATOR MODE: 

An external R and C combination can be connected to 
OSC1 pin (Figure 3.2.1 B). The RC oscillator mode 
provides a very cost effective solution. However, the 
frequency of oscillation will vary with Vee, temperature 
and from chip to chip due to process variation. It is, 
therefore, not the right choice for timing sensitive appli
cations where accurate oscillator frequency is desired. 
The OSC2 pin, in this mode, outputs CLKOUT (freq. = 
fosc/4). See Figure 3.2.1 fortiming of CLKOUT. 

PIC17C42 

3.2.3 XT: CRYSTAL OSCILLATOR MODE: 

In this mode a crystal or a ceramic resonator can be 
connected across OSC1 and OSC2. (Figure 3.2.1C). 
The crystal must be of fundamental mode. If an overtone 
mode crystal is used (which is common above 20 MHz) 
then a tank circuit must be used to attenuate the gain at 
fundamental frequency (Figure 3.2.1 D) 

3.2.4 LF: LOW FREQUENCY CRYSTAL 
OSCILLATOR MODE: 

This is same as the XT mode, (Figure 3.2.1 E) exceptthat 
it is suitable for crystals of frequency range 32 KHz to 
200 KHz. 

TABLE 3.2.2- CAPACITOR SELECTION FOR 
CRYSTAL OSCILLATORt 

Freq Cl C2 

LF 32KHz 300pF 300pF 
50KHz 15pF 300pF 
100KHz 50pF 200pF 
200KHz 50pF 200pF 

XT 1MHz 500pF 500pF 
2MHz 500pF 500pF 
4MHz 300pF 300pF 
BM Hz 200pF 200pF 
16MHz 200pF 100pF 
25MHz TBD TBD 

t This table is for design guidance. The values shown 
here are from a single manufacturer. Other crystal may 
require different C1 and/or C2 values. 
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FIGURE 3.2.1 - DIFFERENT OSCILLATOR/ 
CLOCKIN OPTIONS 

3.2.1A EXTERNAL CLOCK 

Ext OSC1 
Clock In 

CLKOUT OSC2 

PIC17C42 

3.2.1 B RC OSCILLATOR MODE 

SLEEP. 
R 

OSC1 

Tc 
OSC2 

CLKOUT PIC17C42 

3.2.1C XT CRYSTAL OSCILLATOR MODE 

C1 

3.2.1 D XT CRYSTAL OSCILLATOR MODE 
(OVERTONE CRYSTALS) 

0.1 µF PIC17C42 

To Filter the fundamental frequency 

L62 = (2nf)2 

Where I= tank circuit resonant frequency.This should be midway 
between the fundamental and the 3rd overtone frequencies of 
the crystal. 

3.2.1 E LF CRYSTAL OSCILLATOR MODE 

C1 
OSC1 

h, 
PIC17C42 

D SLEEP. 

OSC2 
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3.3 Oscillator Start-up Timer (OSD 

The OST provides a 1024 oscillator period delay on 
power-up and on wake up from SLEEP. This delay is 
provided by a 10·bit ripple countei::...Qn_power-up, the 
delay begins from the rising edge of MCLR. On wake-up 
from SLEEP the time-out is counted from the time the 
wake-up event occurs. Since the OST counts oscillator 
signal on OSC1 pin, the counter only starts counting 
when amplitude on OSC1 pin reaches a certain accept· 
able limit. The OST time-out allows the crystal oscillator 
(or resonator) to stabilize before the chip is taken out of 
reset. The circuit will function with crystals of any fre· 
quency. This time-out is not invoked in RC oscillator 
mode or external clock (EC) mode. 

3.4 Power-up Timer (PWRD and Power-on 
Reset(PORl 

The function of the PWRT timer is to provide a fixed 80 
ms (typical) delay only on power-up. This is provided by 
a 10-bit ripple counter whose input clock comes from an 
on chip RC oscillator. The time-out is counted from the 
rising edge of MCLR. The purpose of this time-out is to 
allow the Voo supply to reach acceptable level before 
the part is taken out of reset. 

An internal Power-on Reset pulse (POR) is generated 
when a Voo rise is detected during initial power-up of the 
chip. (when Voo = 1.2V to 2.0V nominally). The POR 
signal resets internal registers as described in Table 
1.6.2. The user should note that the on-chip circuitry 
does not generate an internal reset when Voo goes 
down, i.e., it does not provide brown out protection. 
Figures 3.4.1 and 3.4.2 shows possible external brown
out protection circuits. Also Voo must come up from Vss 
(nominal) for a POR signal to be generated. The PWRT 
timer and OST timer guarantee proper power-on reset 
without external components. This is done by simply 
tying the MCLR pin to Voo (Figure 3.4.4 ). As Voo comes 
up, POR is generated and MCLR is sensed as '1' inside 
the chip, both OST and PWRT timers begin time-out. 
The 80ms (nominal) delay of the PWRT allows Voo to 
rise above Voo min. spec. If the rise time of Voo is much 
slower such that at the end of the time-out Voo has not 
reached an acceptable level (as in Figure 3.4.6), then 
external RC delay must be added on MCLR pin. 

PIC17C42 

The following table shows the time-outs for different 
oscillator types. 

Oscillator Power-up Wake-up from 
Type SLEEP 

EC 80ms -
RC 80ms -
XT Greater of 80 ms 1024 tosc 

and 1024 tosc 

LP Greater of 80 ms 1024 tosc 
and 1024 tosc 

FIGURE 3.4.1 - BROWN OUT PROTECTION 
CIRCUIT 

PIC17C42 

Notes: 
1. This circuit will activate reset when Voo goes 

below (VZ + 0.7 V) where VZ =Zener voltage. 

FIGURE 3.4.2 - BROWN OUT PROTECTION 
CIRCUIT 

voo -..------<>----i voo 

R1 

R2 

PIC17C42 

Notes: 
1. This brown circuit is less expensive, albeit less 

accurate. Transistor 01 turns off when Voo is 
below a certain level such that: 

R1 
VDD• R1 +R2 =0.7V 
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FIGURE 3.4.3 - EXTERNAL RESET PULSE 

\/00 

MCLR -------

INTERNAL POR 

OSTTIME-OUT ________ _,._ _ _, 

INTERNAL RESET ----------~ 

FIGURE 3.4.4 - USING ON-CHIP POR 

--,-
I-- VDD 

PIC17C42 

FIGURE 3.4.5 - INTERNAL RESET (Voo AND 
MCLR TIED TOGETHER) 

VDD 

MCLR 

INTERNAL POR 

PWRT TIME-OUT 

OST TIME-OUT 

INTERNAL RESET 

~ 
_x---
_J, __ _ 

tf"M\T 

~ j ~tosr 

Note: In this exarrple t PWRl> t osras would be the case 
in higher frequency crystals. For lowe1 
frequency crystals (i.e. 32 Khz) tosr will be 
greater. 

FIGURE 3.4.6 - INTERNAL RESET (Voo AND 
MCLR TIED TOGETHER): 
SLOW Voo RISE TIME 

: 5V 

VDD~ 
MCLR ____--t--

HRNPJL K>R ---1 ,_ i 
PWRTTIME-OUT ~ 

~ l---tosr 

--_j_s--
OST TIME-OUT 

INTERNAL RESET~ 
Note: In this example tPWRT > tosr, as would be 

the case in higher frequency crystals. For 
lower frequency crystals, (i.e. 32 Khz) tosr 
will be greater. 

FIGURE 3.4.7- OST START UP TIMING 
DETAILS 

VDD~ 
MCLR~ 
OSC2~ 

---! ~ tos01 l 
: :,,. •' 

OST TIME_OUT i tosr r--
PWRTTIME_OUT -----~ 

INTERNAL RESET __ ._! •_
1
•_""'_

1_•_.! _ _,r-
This figure shows in greater detail the timings involved 
with the oscillator start-up timer. In this example the 
low frequency crystal start-up time is larger than 
power-up time (tPMU). 

tosc1 = time for the crystal oscillator to reac~ 
oscillation level detectable by the oscillator 
start-up timer (OST) 

tosr = 1024 lose 
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3.5 Sleep Mode 

The full static design of the PIC17C42 makes it possible 
to putthe part in a power saving SLEEP (or power down) 
mode in which all on chip clocks are stopped. 

The SLEEP mode, entered by executing a SLEEP 
instruction, shuts down the oscillator, sets TO (bit3, 
CPUSTA), clears PD (bit2, CPUSTA) the Watchdog 
Timer and its prescaler. In XT or LP mode, both OSC1 
and OSC2 are placed into high-impedance state. In EC 
and RC modes, OSC1 pin is placed in high-impedance 
state while OSC2 is driven low. No clocks are presented 
to the internal logic even when an external clock is 
present on the OSC1 pin. The chip will remain in a 
completely static condition with the following excep
tions: 
a) If the Watchdog Timer is enabled, it will keep 

running and will consequently wake up the chip on 
time-out. 

b) Signal edges on the TOCKI pin (rising or falling 
whichever is defined to be the active edge by the 
RTEDG control bit) will increment the TMRO 
prescaler (an asynchronous ripple counter) if an 
external clock source is selected for TMRO. The 
TMRO itseif will not increment. 

c) Any external interrupt event, such as RT, INT, 
capture1 orcapture2 interrupt will wake the proces
sor provided the corresponding interrupt mask bit 
was enabled when entering SLEEP mode. If global 
interrupt disable is off (GUNTD=O) then the chip will 
jump to corresponding interrupt vector on wake-up. 
Otherwise the chip will wake up and resume execut
ing without responding to the interrupt (i.e. will not 
branch to interrupt vector). 

d) Any peripheral operating independent of the inter
nal processor clock can change its status due to 
external events. Specifically, the serial port receive 
shift register will shift in data in synchronous slave 
(external clock) mode. 

Besides the on-chip oscillator, any circuitry that con
sumes current is turned off in SLEEP mode. This 
includes the entire EPROM and, in particular, the EPROM 
fuses. The only fuses that will remain active arethe WOT 
fuses (FWDTO, FWDT1). If minimal SLEEP current is 
desired, the user should consider turning off the watch
dog timer. Since fuses consume current in '1' state. 
Turning WOT off not only saves the operating current it 
requires, but also saves fuse current due to FWDT1 or 
FWDTO fuses. All 110 pins maintain their status during 
SLEEP. 

PIC17C42 

3.5.1 WAKE-UP FROM SLEEP 

Once the chip has entered the SLEEP mode it can only 
be awakened by one of the following events: 
a) Bringing Voo down to zero and back up to opera

tional level will induce a power on reset and wake up 
the chip. 

b) Applying a "low" level on MCLR pin 
c) A Watchdog Timer timeout (WOT must be en

abled). TO status bit will be cleared in this case. 
d) The following interrupts can wake up the processor 

from SLEEP: 
1. External interrupt on TOCKI pin 
2. External interrupt on INT pin 
3. Capture1 interrupt, due to a capture event on the 

RBO/CAP1 pin. The prescaler on the capture 
input will operate during SLEEP. The actual 
capture of the timer value will occur when execu
tion resumes after wake-up (which is therefore, 
not meaningful). 

4. Capture2 interrupt. 
5. Input change on PORTB interrupt 
6. Synchronous slave mode transmission interrupt: 

If synchronous transmission is in progress (using 
external clock) at the time the processor is put to 
SLEEP, a TBMT interrupt will be generated atthe 
end of the transmission and wake the chip-up. 

7. Synchronous slave mode reception interrupt: If 
synchronous reception is enabled (GREN = 1) 
before the chip goes into SLEEP, then RBFL 
interrupt will be set at the end of a reception (if a 
receive word came during SLEEP) which will 
wake the chip-up. 

If GUNTO = 0, the normal interrupt response takes 
place. If GUNTO = 1, the chip will resume execution 
starting with the instruction following the SLEEP instruc
tion. It will not vector to interrupt service routine. 

If selected oscillator type is XT or LF then the Oscillator 
Start-up Timer (OST) is activated on wake-up. This will 
mean that the timer will keep the part in reset for 1024 
tosc. The user needs to take this into account when 
considering interrupt response time coming out of SLEEP. 
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3.5.2 INTERRUPT/SLEEP INTERACTION 

If an interrupt occurs during the very cycle a SLEEP 
instruction is fetched, it will be .recognized in the follow
ing cycle (which is the execution cycle of the SLEEP 
instruction) preventing the processor from going into 
SLEEP. The SLEEP instruction will effectively execute 
as a single cycle NOP. The PD bit will not be cleared. 

FIGURE 3.5.1 - CPUSTA REGISTER 

u U R RfW RfW RfW u u 

3.5.3 MINIMIZING CURRENT CONSUMPTION IN 
SLEEP MODE 

The SLEEP mode is designed to reduce power con
sumption. To minimize current drawn during SLEEP 
mode, the user should turn-off output drivers that are 
sourcing or sinking current, if it is practical. Weak pull
ups on port-pins should be turned off, if possible. All 
inputs should be either at Vss or at Voo (or as close to 
rail as possible). An intermediate voltage on an input pin 
causes the input buffer to draw a significant amount of 
current. 

I JSTKAVIGLINTDI TO l PD l 1 J Register.CPUSTA R=Readonly 
~-~--~~-.£~~-1~~~-~~--~-~ File06h R1W =Readable/Writable bit l Power-on-Reset Value: U = Unimplemented, reads as 'O' 

00111100b 

Power-down status bit. 
PD= O indicates that the chip was in power-down (SLEEP mode). 
PD is set to '1' on power-on reset 
It is cleared when a SLEEP instruction is executed. 
It is unaffected otherwise. The user should look at this coming 
out of reset to detennine how the reset was caused (Table 4.5.1.1 ). 

Time-out status bit. 
TO= o indicates WOT time-out. TO is set on power-on reset. 
It is cleared when WOT times out. It is unaffected otherwise. 
The user should look at this coming out of reset to detennine how 
the reset was caused (Table 4.5.1.1). 

Global Interrupt Disable bit 
GLINTD = O: Enables all interrupts. For an interrupt to be 

enabled, Its individual enable bit must also be a '1'. 

GLINTD = 1: Disables all interrupts. 

Stack available bit 
STKA VL = 2 indicates stack is available. 
STAKVL = 0 indicates stack is full or a stack-error may have occured. 
See section 3.6.1 for a detailed description. 

TABLE 3.5.1.1 -WAKE - UP AND RESET FUNCTION TABLE 
Ch~ function after event 

Chip Status Oscillator -
Event before event PC Circuit OST ro PD Notes 

Power on reset Don't care 0000 on yes 1 1 
f;lCl:R" reset Nonnal operation 0000 on no u u 
SLEEP instruction Nonnal operation N+1 off no 1 0 
MCLR wake-up SLEEP 0000 on yes(2) u u 
WOT time-out Nonnal operation 0000 on no 0 u 
WOT wake-up SLEEP 0000 on yes(2) 0 u 
Interrupt Nonnal operation Vector on no u u 
Interrupt wake-up SLEEP ,GLINTD=O 1. N+1 on yes(2) u u 1 

2.Vector 
Interrupt wake-up SLEEP,GLINTD=1 1. N+1 on yes(2) u u 1 

2. N+2 

Legend Notes 

PC Program Counter contents after the event Note 1: The instruction at "N+ 1" executed, after wake up. 

TO Time Out status bit after the event Step 2 depends on the status of the GUNTO bit at 

PD Power Down status bit after the event 
the time of the event. If GUNTO was •o•, the 
program will vector to the interrupt routine. 

N Address of SLEEP instruction 
Note 2: OST timer is activated only in XT and LP oscillator 

u No change takes place modes. (Sec. 4.4) 
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3.6 Watchdog Timer 

The PIC17C42 has an on-chip Watchdog Timer whose 
function is to recover from software malfunction. The 
Watchdog Timer is an 8-bit asynchronous ripple counter 
with an 8-bit prescaler ( also an asynchronous ripple 
counter). The watchdog timer always runs off its own 
internal RC oscillator. The Watchdog Timer is not read
able or writable. It is not mapped in data or program 
memory space. Two EPROM fuses provide four oper
ating options for the Watchdog Timer: 

FWOT1, WOT Clock WOT Function WOT 
FWOTO Input Source Input Clock Period 

1 0 RCosc WOT runs with prescale = 256 3 sec 
0 1 RCosc WOT runs with prescale = 64 0.8 sec 
1 1 RCosc WOT runs with prescale = 1 12 ms 
0 0 OSC/4 WOT runs as a regular timer 65536 Tcy 

with prescale = 256 
Note: O implies a programmed fuse. 

Fuses FWOT1 abd FWOTO are mapped in program 
memory locations FE03h and FE02h respectively. See 
Section 4.8 for details on how to program fuses. 

The Watchd~ Timer and its prescaler are reset and the 
timeout bit, TO (bit3, CPUSTA) set to '1' if: 

a. A CLRWOT instruction is executed. 
b. A SLEEP instruction is executed. 
c. A power on reset occurs. 

Under normal circumstances, the user program is ex
pected to clear the Watchdog Timer on a regular interval. 
If the program fails to do so, the WOT will overflow and 
resetthe chip. The Watchdog Timer and its prescaler are 
physically the same as the Power-up Timer (PWRT). 
They simply perform different roles in and outside reset 
condition. 

3.6.1 WOT AS A REGULAR TIMER 

Setting fuses FWOT1 and FWOTO as O's will configure 
the WOT as a simple timer. In this mode the timer 
increments on internal OSC/4 clock with a prescale of 
256 (i.e. increments at OSC freq/1024 rate). On overflow 
TO bit is cleared, but the chip is not reset. In this mode 
the WOT is stopped during SLEEP. The TO bit is set 
when a CLRWOT instruction is executed. 

PIC17C42 

3.7 Code Protection and Write Protection 

The code in the user EPROM may be protected from 
piracy by selecting "code protected Microcontroller 
mode.' This is done by blowing fuses FPMM1 and 
FPMMO to "O". A TABLRO instruction, executed from the 
test EPROM attempting to read user EPROM will read 
encrypted data. However, if the instruction is executed 
from an address less than 2K (i.e. from user EPROM), it 
will read un-encrypted data. 

Further, any TABL WT instruction executed from the test 
EPROM and attempting to write to the user EPROM, will 
not result in programming of the destination. However, 
the instruction will still need to be terminated by an 
interrupt condition and the table latches will still be 
written. A TABLWT instruction, executed from an ad
dress less than 2K can program any user EPROM 
location regardless of code protection. 

The above measures essentially prevent read, verify or 
programming of any user EPROM location from outside. 
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3.8 Configuration fuses 

Configuration fuses are EPROM bits that can be pro· 
grammed (reads 'O') or left unprogrammed (reads '1 ')to 
select between options (e.g. operating modes). For 
simplicity of programming they are mapped into pro
gram memory. This also makes it possible to read the 
fuse values (only in microcontroller modes). Each fuse 
is assigned one program memory location. In erased 
condition a fuse will read asa '1'. To program (or"blow") 
a fuse, the user needs to write to the fuse address using 
a TABLWT instruction. Regardless of the data, a 
TABLWT to a fuse location will bow the fuse. The fuses 
and their addresses are shown in Table 4.8.1. 

Reaciing configuration fuses: Reading any fuse location 
in the address range FEOO:FE07h will read all eightfuse 
values in the lower byte and all 1's in the upper byte. 
Fuse located at FEOOh will show up in bit O and so on. 
The fuse locations are accessible only in microcontroller 
and secure microcontroller modes. In microprocessor 
and extended microcontroller modes, this section of the 
program memory is mapped external (see Figure 1.5.2) 
making the fuse locations inaccessible. 

TABLE 3.8.1 -CONFIGURATION FUSES 

Fuse Address Function 

FOSCO FEOOh FOSC1, FOSCO: 
FOSC1 FE01h 00 : LF oscillator mode 

01 : RC oscillator mode 
1 o : XT oscillator mode 
11 : EC (external clock mode) 

FWOTO FE02h FWOT1, FWOTO : 
FWOT1 FE03h 1 o : WOT prescale is 256 

01 : WOT prescale is 64 
11 : WOT prescale is 1 
00 : WOT is a normal timer 

FPMMO FE04h FPMM1, FPMMO : 
FPMM1 FE06h 00 : Microcontroller mode (code protected) 

1 o : Microcontroller mode 
01 : Extended microcontroller mode 
11 : Microprocessor mode 

FIGURE 3.8.1 - READING FUSE LOCATION 
Address FEOO:FE07h 

1 I 1 I 
bit15 bit8 

0 I FPMM1 I 0 I FPMMO I FWDT1 I FWDTO I FOSC1 I FOSCO I 
btt7 bitO 

4.0 OVERVIEW OF PERIPHERALS 

An array of sophisticated, high-speed peripherals are 
incorporated on chip to meet the demands of real-time 
applications. All peripherals are highly intelligent and 
have their own interrupts and error handling to free up 
the CPU as much as possible. There are three 16-bit 
timer/counters one of which can be split into two 8-bit 
timers creating up to four timer/counter resources. Two 
high-speed captures are provided for efficient interface 
to shaft encoders and other high-speed pulse train 
sources. Two high-speed pulse-width-modulation (PWM) 
outputs with up to 10-bit resolution make it possible to 
control a motor through power drivers. There are two 
external and several internal interrupt sources. The 
capture pins can be used as interrupt pins making it 
possible to have up to four external interrupts. Finally, 
there are 331/0 pins most of which can be configured as 
inputs or outputs in software. A number of the 1/0 pins 
are multiplexed with peripheral functions or the system 
bus. In microcontroller mode 23 1/0 pin are un-multi
plexed. 

4.1 The Bank Select Register (BSR) 

All the peripheral registers are mapped into the data 
memory space. In order to accommodate the large 
number of registers in the 256 byte data memory space 
without taking away from the general purpose data 
RAM, a banking scheme has been used. A segment of 
the data memory, from address 10h to address 17h, is 
banked. A bank select register (BSR, address OFh) 
selects the currently active "peripheral bank". Effort has 
been made to group the peripheral registers of related 
functionality in one bank. However, it will still be neces
sary to switch from bank to bank in order to address all 
peripherals related to a single task. To alleviate this 
problem, a single cycle instruction, MOVLB (move literal 
value to BSR) is incorporated in the instruction set. In the 
PIC17C42 only the low four bits of the BSR are physi
cally implemented, making it possible to address up to 
sixteen banks. Only four banks are actually used (see 
data memory map in Figure 1.6.1 ). 
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5.0DIGITAL1/0 PORTS 

The PIC17C42 has five ports A, B, C, D and E. Together 
these add up to 33 port pins. Most port pins have an 
associated data direction bit which configures it as input 
(DOR bit='1') or output (DOR bit='O'). When a port pin is 
read as an input, the value on the pin (and not the data 
latch) is read. 

Most port pins are multiplexed with the system bus or 
peripheral functions. These pins are configured as port 
pins or peripheral inputs/outputs by control bits in corre
sponding peripheral registers. Once a port pin is se
lected for an alternate function, its direction will be 
determined by the peripheral logic which will force the 
DOR bit to the required state. 

Ports A, B, C, D and E and their associated DOR 
registers are mapped into the data-memory. Ports C, 
D an<!.E_ mult~x with the system bus (AD <15:0>, 
ALE, WR and OE). 

TABLE 5.1.1 - PORT A FUNCTIONS 

Port Pin Bit Pin function 

RAO/lNT bitO Input only (Schmitt Trigger) port pin 

RA1/TOCKI bit 1 Input only (Schmitt Trigger) port pin 

PIC17C42 

Reading the PORT register, reads the values of the 
PORT pins. Writing to the PORT register writes the value 
to the PORT latch. When using read modify write instruc
tions (ex. BCF, BSF, etc.) on a PORT, the value of the 
PORT pins is read, the desired operation is done to this 
value, and this value is then written to the PORT latch. 

Example 5-1 shows the effect of two sequential read 
modify write instructions (ex. BCF, BSF, etc.) on an 1/0 
PORT. 

EXAMPLE 5-1: READ MODIFY WRITE 
INSTRUCTIONS ON AN 
110 PORT 

Initial PORT settings: PORTB<7:4> Inputs 
PORTB<3: O> outputs 

PORTB<7: 6> have external pull-up and are not 
connected to other circuitry. 

PORT latch PORT pins 

BCF PORTS, 7 Olpp pppp llpp pppp 
BCF PORTS, 6 lOpp pppp llpp pppp 
BSF STATUS, RPO 
BCF TRISB, 7 lOpp pppp llpp pppp 
BCF TRI SB, 6 lOpp pppp lOpp pppp 

Note that the user may have expected the pin 

Ahernate function 

INT external interrupt input 

TOCKI external interrupt input. It is also the 
external clock input for the TMRO timer/counter. 

RA2,RA3 bit2,3 Input/output pins with Schmitt Trigger input and open- None 
drain output. 
To use either of these two pins as an input, the user must 
write a '1' to the port data latch. If used as an output, 
external pull-up resistor must be provided. These pins 
can be pulled up to voltages higher than Vee. 
Also, these two port pins provide higher current sink 
capability (See DC specs for details). 

RA4/RX/DT bit4 Input only (Schmitt Trigger) port pin If the SPEN bit (bit 7, RCSTA) is a '1' then this 
pin is configured by the serial port. 
In SYNC mode: It is data input or output (DT). 
In ASYNC mode: It is receive data input (RX). 

RA5fTX/CK bit5 Input only (Schmitt Trigger) port pin If the SPEN (bit 7, RCSTA) bit is a '1' then this pin 
is controlled by the serial port. 
In SYNC mode: It is either clock input (slave mode) 
or the clock output (master mode) in ASYNC mode: 
It is the transmit data output (TX). 

bit6 This bit is unimplemented and reads as 'O' 

bit7 No pin associated This is a control bit (PUEB) for Port B. No port pin 
is associated with this bit. PUEB=O enables weak 
pull-ups on Port B. 
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5.1.1 USING RA2. RA3 PINS AS OUTPUT 

PORTA does not have an associated data direction 
register. When using them as outputs, read-modify
write instructions (such as BCF, BSF, BTF) are not 
recommended on PORTA, since a read will read the 
port pins but a write will write to the port data latch. Such 
an operation may inadvertantly cause RA2, RA3 to 
switch from output to input or vice-versa. 

: values to be OOpp pppp. The 2nd BCF caused RB7 

; to be latched as the pin value (High) . 

5.1 PORTA 

File 10h in Bank O is PORTA, a 6-bit port. There is no 
Data Direction Register associated with this port. PORTA 
is multiplexed with peripheral functions as described in 
Table 5.1.1. See Figure 5.1.1 for block diagram of 
PORT A and 5.0.1 for read/write timing. 

FIGURE 5.0.1 - 110 PORT READ AND WRITE 
TIMING 

iru1~1001~iml~lool~irula21as1a4i 
I I I I 
I AD<15:0> 

Instruction {I 
fetched I MOVWF PORTA IMOVPF PORTA.WI 

ALE I I I 
I I I T 
f--~~~-+-1 ~~~--r~r~i~~--,1 PORTA 

WFLPORTA 

RD_PORTA f--~~-+:~~~-+-~~ 
I I Portpin 

I I Sampled here I 
1execute MOVWF I execute MOVPF I 

PORTA PORTA,W 
I WritetoportA I ReadportA I 

The example shows a write to PORTA followed by a read from PORT A 

5.1.2 SUMMARY OF PORT A REGISTERS 

Function 

FIGURE 5.1.1 - PORT A BLOCK 
DIAGRAMS 

FIGURE 5.1.1A- RAO AND RA1 

DATA BUS 

RD_PORTA 
(02) 

NOTE: VO pins have protection diodes to Voo and Vss. 

FIGURE 5.1.18- RA2 AND RA3 

DATA BUS 

NOTE: 1/0 pins have protection diodes to Vss. 

FIGURE 5.1.1C • RA4 AND RA5 

Serial port output signals 

OE= SPEN.SYNC.TXEN.CREN.SAEN for RA4 
OE= SPEN (SYNC+SYNC.CSRC) for AA5 

NOTE: 1/0 pins have protection diodes to Voo and Vss. 

Address Register Name 
PORTA Port A pins when read, Port A latch when written 

(RA2/RA3 only) 
Bank O, File10h 

Reset Value 
OOXXXXXb 

RTCSTA 

RCSTA 

0$300730-page 28 

RTCC status/control register (configures RAO/INT 
& RA1/TOCKI pins) 

File05h 

Serial port receive status/control register (configures Banko, File 13h 
RA4/RX/DT and RA5!TX/CK pins) 

OOOOOOOb 

OOOOOOXb 
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5.2 PORTB 

PORTB is an 8-bit wide bidirectional port. It is mapped 
in Banko, File 12h. Writing to this address writes to the 
port latch while reading it will read the port pins. An 8-bit 
data direction register (DDRB, Bank 0, File 11h) config
ures each port pin as an input or output. A 'O' in the 'DOR' 
register configures the port as an output. Each port pin 
also has a software configurable weak pull-up (-100 µA 
typical). A control bit PUEB (bit 7, Bank 0, File 10h, 
Register PORTA) can enable (PUEB = 'O') or disable 
(PUEB = '1') the pull-ups. The weak pull-up is turned off 
for any pin configured as output. 

Most of the pins of PORTB are multiplexed with periph
eral functions. Table 5.2.1 describes their alternate 
functions. When a pin is redefined to be a port pin from 
a peripheral pin, its data direction bit may be left in an 
unknown state. The user will need to re-initialize the 
DOR bit properly. See Figures 5.2.1 and 5.2.2 for block 
diagrams of PORTB and Figure 5.0.1 for read/write 
timing. 

TABLE 5.2.1 - PORTB FUNCTIONS 

Port Pin Bit Pin Function 

PIC17C42 

PORTB also has an "interrupt on change• feature. When 
configured as input, its output data latch can be used as 
a compare latch. An active high output is generated on 
mismatch between the pin and the latch. The "mis
match" outputs of all the input pins are OR-ed together 
to generate the IRB interrupt. All the output pins are 
excluded from the comparison. Thus, an interrupt is 
generated when the port input changes. This interrupt 
can wake the chip up from SLEEP mode. 

The interrupt is latched in the IRB bit (bit-7, Register PIA, 
Bank1, File 16h). IRB is readable and writable by the 
CPU. The user, in the interrupt service routine, can clear 
the interrupt in one of two ways: 
a) Disable the interrupt by clearing the corresponding 

interrupt enable bit, IEB. 
b) Read PORTB and write back the pin value to the 

data latch. This will end mismatch condition and 
therefore the mismatch output. Next, the user must 
clear bit IRB. 

Alternate Function 

RBO/CAP1 bitO Input/Output port pin with Schmitt Trigger input CAP1: Capture1 input 

RB1/CAP2 bit 1 Input/Output port pin with Schmitt Trigger input CAP2: Capture2 input 

RB2/PWM1 bit2 Input/Output port pin with Schmitt Trigger input PWM1 output. This pin is configured as the 
PWM1 output if the control bit PWM10N (bit 
4, Register TCON2, Bank3, File 17h) is set to 
'1'. 

RB3/PWM2 bit3 Input/Output port pin with Schmitt Trigger input PWM2 output. This pin is configured as the 
PWM2 output if the control bit PWM20N 
(bit 5, Register TCON2, Bank 3, File 17h) is 
'1' 

RB4fTCLK12 bit4 Input/Output port pin with Schmitt Trigger input TCLK12: external clock input for timer1 and 
timer2 

RB5fTCLK3 bit5 Input/Output port pin with Schmitt Trigger input TCLK3: extemal clock input for timer3 

RBS bit6 Input/Output port pin with Schmitt Trigger input 

RB7 bit7 Input/Output port pin with Schmitt Trigger input 
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FIGURE 5.2.1 ·BLOCK DIAGRAM OF PORT PINS RBO, RB1, RB4 • RB7 

OE 

Port 
Input Latch 

0 

Peripheral data in 

PUEB 

I - - - - - - - - _(!ljtJ ~R!!Qis~r_PQl'!TP.\ 
1 Match Signal 1 
1 from ~ther 1 
1 portp1ns 

IRB 

! __________________ J 

Data Bus 

Rd_OORB (02) 

Rd_PortB (02) 

,__ __ P_ort_.---< 0 
Data 

"\_CK<1---------------------W_R-~PO_R_1B_(~Q4--'-) 

NOTE: 1/0 pins have protection diodes to Voo and Vss. 
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FIGURE 5.2.2 - BLOCK DIAGRAM OF PORT PINS RB<3:2> 

OE 

Pon 
lnputl..atdl 

D 

NOTE: 1/0 pins have protection diodes to Voo and Vss. 

5.2.1 SUMMARY OF PORTS REGISTERS 

Register Name 
PORTB 

OORB 

PORTA (bit PUEB) 

PIA (bit IRB) 

PIE (bit IEB) 

INTSTA (bit PEIE) 

CPUSTA (bit GUNTO) 

TCON2 

Function 
PORTB pins when read 
PORTB latch when written 

PORTB data direction register 

PORTA data/ PUEB bit 

Peripheral interrupt register 

Peripheral interrupt enable register 

Interrupt status register 

CPU status register 

Timer/PWM/capture control registers 

C 1994 Microchip Technology Inc. f>ll'®~omolfil~ll'Y 
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Peripheral data In 

I - - - - - - - - _(!1_1tJ~~-P9!'!T~I 
,~~S~al 1 

I from~er 1 
t porlp1ns I 

I 
I 

I I , ___________________ J 

Data Bus 

Rd_DDRB (Q2) 

Rd_PorlB (Q2) 

WR_DDRB (Q4) 

PWMoutput 

PWM_selecl 

Amlmu ResetValyg 
Bank 0, File 12h XXXXXXXXb 

Bank 0, File 11 h llllllllb 
Bank 0, File 1 Oh OOXXXXXXb 
Bank 1, File 16h OOOOOOlOb 
Bank 1, File 17h OOOOOOOOb 

File07h OOOOOOOOb 
File06h OOllXXOOb 

Bank 3, File 17h OOOOOOOOb 
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5.3 PORTC 

PORTC is an 8-bit wide bidirection port mapped in File 
11 h, Bank 1. The corresponding data direction register 
DDRC (file 10h, Bank 1) can configure each pin as an 

input (if DDRC bit is '1 ')or output (if DDRC bit is 'O'). This 
port is multiplexed with AD<7:0>, the lower byte of the 
Address/Data bus. Bit 0 of PORTC is AD<O>. See 
Figure 5.3.1 for block diagram of PORTC and Figure 
5.0.1 for read/write timing. 

5.3.1 SUMMARY OF PORT C REGISTERS 

Register Name 

PORTC 

DDRC 

INTSTA (bit PEIE) 

CPUSTA (bit GUNTO) 

Function 

PORTC pins when read 
PORTC latch when written 

PORTC data direction register 

Interrupt status register 

CPU status register 

FIGURE 5.3.1 - BLOCK DIAGRAM OF PORTS C, D AND E 

Address 

Bank 1, File 11h 

Bank 1, File 10h 

File 07h 

File 06h 

to D_BUS-+ IR 

INSTRUCTION READ 
(not present in Port E) 

Data Bus 

RD_PORTC 

Reset Value 

XXXXXXXXb 

llllllllb 

OOOOOOOOb 

OOllXXOOb 

\_CK<~~~~~~~~~~~-+~-W_R ___ PO~RT_C_ 

RD_DDRC 

WR_DDRC 
\_CK<r~~~~~~~~~~~~~~~

R S 

EX_EN 

DATA/ADDROUT } SYS BUS 
___ Control 
DRV_SYS 

NOTE: 1/0 pins have protection diodes to VDD and Vss. 
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5.4 PORTO 

PORTO is an 8-bit wide bidirection port mapped in File 
13h, Bank 1. The corresponding data direction register 
DORO (file 12h, Bank 1) can configure each pin as an 
input (if DORO bit is '1 ')or output (if DORO bit is 'O'). This 
port is multiplexed with AD<15.8>, the higher byte of the 
Address/Data bus. Bit O of PORTO is AD<8>. See 
Figure 5.3.1 for block diagram of PORTC and Figure 
5.0.1 for read/write timing. 

5.4.1 - SUMMARY OF PORTO REGISTERS 

Register Name 

PORTO 

Function 

PORTtD pins when read 

PORTO latch when written 

PORTO data direction register DORO 

5.5.1 SUMMARY OF PORT E REGISTERS 

Register Name 

PORTE 

Function 

PORTE pins when read 
PORTE latch when written 

DORE PORTE data direction register 

TABLE 5.5.1 - PORTE FUNCTIONS 

Port Pin Bit Pin Function System Bus Function 
_J_External executior1)_ 

REO/ALE bitO Input/output port. ALE output 
TTL input buffer. 

RE1/0E bit 1 Input/output port. OE output 
TTL input buffer. 

RE2/WR bit2 Input/output port. WR output 
TTL input buffer. 

© 1994 Microchip Technology Inc. 
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5.5 PORTE 

PORTE is a 3-bit wide bidirectional port mapped in data 
memory (file 15h, Bank1). The corresponding Data 
Direction Register, DORE, is mapped at file 14h, Bank 1. 
Each port pin can be configured as an input (DORE bit 
= '1 ')or an output (DORE bit= 'O'). Only the three lowest 
significant bits are physically implemented in 17C42. 
The unimplemented bits read as 'O'. See Figure 5.3.1 for 
block diagram of PORTE and Figure 5.0.1 for read/write 
timing. PORTE is multiplexed with control outputs ALE, 
WR and OE in external execution mode . 

Address 

Bank 1, File 13h 

Bank 1, File 12h 

Address 

Bank 1, File15h 

Bank 1, File14h 

Reset Value 

XXXXXXXXb 

llllllllb 

Reset Value 

OOOOOXXXb 

OOOOOlllb 
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6.0 UNIVERSAL SYNCHRONOUS 
ASYNCHRONOUS RECEIVER 
TRANSMITTER (USART) 

The serial port can operate either a full-duplex asynchro
nous mode or in a haH-duplex clocked synchronous 
mode. Synchronous mode uses a bi-directional data pin 
and a bi-directional clock pin. In synchronous mode, the 
clock can be either internal (master mode) or external 
(slave mode). In asynchronous mode, the clock is 
always derived internally. A dedicated 8-bit Baud Rate 
Generator (BRG) is used for internal clock generation. In 
both modes, receiver and transmitter are double buff
ered, eight or nine data bits are supported and separate 
transmit and receive interrupts are available. 

6.1 Asynchronous Mode 

The asynchronous mode is selected by clearing the 
SYNC bit in the TXSTA register. Furthermore, SPEN bit 
(Serial Port Enable, bit 7, Register RCSTA, Bank O) has 
to be set to enable RA4 and RAS as serial port pins. 
SPEN=O will configure these pins as port pins. In asyn
chronous mode the RX pin receives data and the TX pin 
transmits data in a full duplex mode. Data is transmitted 
and received least significant bit first. Both receive and 
transmit operate on the same internally generated clock 
which is derived from the Baud Rate Generator(Register 
SPBRG, Bank 0, File 17h). Data on the RX pin is 
sampled on the seventh, eighth and ninth pulses of a 16X 
(16 times the baud clock) internal clock. A majority of 
these three bits decide whether a one or a zero was 
received. In addition to the eight or nine data bits, one 
start bit and one stop bit are sent. Parity is not supported 
directly in hardware, but can easily be implemented in 
software. Asynchronous mode operation is stopped dur
ing SLEEP. 

6.1.1 ASYNCHRONOUS MODE TRANSMISSION 

Once asynchronous mode is selected (SYNC=O, bit 4 
Register TXSTA) and serial port outputs are enabled 
(SPEN=1, bit 7, Register RCSTA) transmission can be 
enabled by setting TXEN bit (bit 5,TXSTA register). 
Actual transmission will begin when a word is written to 
the transmit buffer register (TXREG, bankO, file 16h) and 
the Baud Rate Generator produces a shift clock (figure 
7 .1.1.1 ). A start bit is sent out first (logic 'O'), followed by 
eight or nine data bits and a stop bit (logic '1 '). Transmit
ted data appears on RA5/TX/CK pin. Transmission can 
also be started by first writing a word to the TXREG and 
then setting TXEN. 

The transmit register (TXREG) is double buffered. As 
the user writes to TXREG, the data is transferred from 
the buffer to the transmit shift register (TSR), thus 
freeing up the buffer register. An interrupt is pending as 
long as TXREG is empty. Indicating that the transmit 
buffer register (TXREG) is free to accept another word. 
This interrupt request is bit 1 (TBMT) of PIR (peripheral 
interrupt request register; Bank 1, file 16h) register. This 
interrupt can be enabled or disabled by bit 1 (TXIE) of 
PIE (peripheral interrupt enable; Bank 1, file 17h) regis
ter. TXIE=1 enables the interrupt. Regardless of TXIE, 
the TBMT bit will always show the status of the TXREG 
buffer (can not be affected in software) and can be used 
as a status bit. The interrupt request bit (TBMT) is read 
only. Therefore, to avoid unwanted interrupts (say, atthe 
end of a transmission) the user will need to mask off this 
interrupt. 

In addition to TXIE bit, two other bits will affect the 
transmit interrupt. They are: PEIE (bit3, INTSTA regis
ter, file 07h) that enables (if='1') or disables (if='O') all 
peripheral interrupts, and GUNTO (Global Interrupt Dis
able, bit 4, CPUSTA register, file 06h) bit that disables all 
interrupts if set. 

While TBMT (Transmit Buffer Empty) indicates the sta
tus of the transmit buffer register, another bitTRMT (bit1, 
register TXSTA) indicates the status of the transmit shift 
register. It is a read only bit. TRMT =1 implies transmit 
shift register is empty. The user can determine exactly 
when transmission is completed by polling this bit. 
TRMT is set after stop bit is sent out. 

CREN or SREN bits do not affect asynchronous trans
mission. Clearing TXEN during transmission aborts 
transmission, reverts TX pin to hi-impedance and resets 
the transmitter. 
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FIGURE 6.1.1.1 - ASYNCHRONOUS TRANSMISSION 

WritetoTXREG ---o-:Writ~e----------------\ 1---------------
BRG output Word 1 

(shift clock) 

TX (pin) --------< v--f r----v 
;"- StartBit /.. BitO X Bit1 ~~ Bit7/8 / STOPBIT 

TBMTbtt 
(Transmit buffer ---..., 
reg. empty flag) ; 

WORD1 _.. 

TRMTbit Transmit Shift Reg 

(Transmit shift----..., 

WORD1 

reg. empty flag) ~---------------\ \----------~ 

FIGURE 6.1.1.2 - ASYNCHRONOUS TRANSMISSION (BACK TO BACK) 

Write toTXREG ----

BAG output 
(shift clock) --~ 

TX(pin) ------.;_ StanB;t Bila Blt7/8 STOPBrr STARTBIT Bila 
TBMT bit '-=~J ~~~~'--="==J ~==::'.=-:::' __ '--'_=_-"'_"::_~----- WOR02---

(interrupt reg. 
flag) T1~----11----------' 

TRMTblt Tra=~::eg wot2--
(Transmit shift -----~ Transmit Shift Reg 

reg. 
empty Hag) 

Note: This timing diagram shows two consecutive transmissions 

If 9-bit transmission is selected (TXS/9=1, bit 6, register 
TXSTA) the 9th bit should be written to TXDS (bitO, 
TXSTA). This bit is double buffered as well. The 9th bit 
must be written before writing the data word to TXREG, 
since the latter triggers the transfer of the entire word to 
the transmit shift register. 

6.1.2 ASYNCHRONOUS MODE RECEPTION 

Data is received on RA4/RX/DT pin. Reception is en
abled by setting the CREN bit (bit4, register RCSTA). 
The SREN bit (bits, RCSTA) has no function in asyn
chronous mode. Reception begins when a start-bit is 
detected on RX pin. The Baud Rate Generator internally 
generates a 16x clock. Every incoming bit is sampled on 
the seventh, eighth and the ninth time slot and a majority 
detection is done to determine the value of the bit. After 
sampling the stop bit (i.e. halfway through stop bit), the 
received data is transferred to the receive buffer register 
(RCREG) if the buffer register is empty. The RCREG is 
actually a two word deep FIFO. Therefore, it is possible 
to receive two words, transfer them to RC REG and begin 
receiving the 3rd word in the receive shift register (RSR). 
If at the time of reception of the last bit of the third word, 
the RCREG has still not been read (and therefore is 
holding two words) then the receiver control logic will set 
the overrun error bit, OERR (bit1, register RCREG). In 
case of overrun, the word in the shift register is lost (i.e. 
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it can not be read). The RCREG can be read twice to 
retrieve the first two words. The user will need to clear 
OERR by resetting the receiver (by clearing CREN). 
Clearing OERR is essential since once the overflow flag 
is set, the receiver simply stops transferring RSR to 
RCREG. 

The framing error bit, FERR (bit 2, Register RCSTA) and 
the ninth receive bit, RCDS (bit 0, RCSTA) are buffered 
the same way as the receive data. Reading RCREG will 
load the RCDS and FERR bits with new values. The 
user, therefore, must read the RCSTA register before 
reading the received data (RCREG) in order to obtain 
FERR and ninth data bit information. If the RCREG is 
read first, then the status register RCSTA will be loaded 
with new status information and the old information will 
be lost. The framing error bit, FERR, is set if the stop bit 
is detected to be a 'O'. 

A receive interrupt flag RBFL, is set (bitO, register PIR) 
when the receive shift register content is shifted to the 
receive buffer register. This interrupt can be enabled or 
disabled via the RCIE (Receive interrupt enable) bit 
(bitO, register PIE). RCIE=1 will enable the interrupt. The 
RBFL (receive buffer full interrupt flag) bit is a read only 
bit and is cleared when the receive buffer is read. 
However, if the receive shift register is full, it will transfer 
its contents to the receive buffer register and the RBFL 
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FIGURE 6.1.2.1 - ASYNCHRONOUS RECEPTION 

Rev shift 
nig

Rcv bufl8r reg i' wbRD•-+-

i,. 
ReadRcv· 

~~ ~~~~~~~~~~~~~~~~:::~~~~~~-;-~~~~~~~~~~~~~~~~~ 

OERRbit 

CREN ~ 
Nole: =re.~ showa 3 wools appear on RX input The RCREG (Receive buffer) is read after Ille 3rd word, lherefo<e causing the OERR 

bit will be set again. To enable receive interrupt, the 
Peripheral Interrupt Enable bit, PEIE (bit3, INTSTA 
register). must be set and the Global Interrupt Disable 
bit, GLINTD (bit4, CPUSTA register), must be cleared. 

6.2 Synchronous Mode 

The synchronous mode is selected by setting the SYNC 
bit (bit4, TXSTA register). In addition, the SPEN bit (bit7, 
RCSTA register) must be set to configure the RA5/TX/ 
CK and RA4/RX/DT pins as CK (synchronous clock) and 
OT (sync data) pins respectively. Synchronous mode is 
half duplex with the OT pin as data input during reception 
and data output during transmission. The CK pin is clock 
output if internal clock option (master mode) is selected 
by setting the CSRC (bit7, TXSTA register) bit. If 
CSRC='O' then the CK pin is clock input (synchronous 
slave mode). 

As in asynchronous mode, eight or nine data bits are 
transmitted or received. No start or stop bits are sent or 
received. 

6 2 1 SYNCHRONOUS MODE TRANSMISSION 

Once the sync mode is selected (SYNC='l ') and the 
serial port is enabled (SPEN='l', register RCSTA), 
transmission is enabled by setting the TXEN (transmit 
enable, bit5, TXSTA register) bit. This will configure the 
TX pin as an output. Actual transmission will begin when 
a word is written to the transmit buffer register (TXREG). 
The transmitter is double buffered. If the transmit shift 
register (TSR) is empty then the word will be transferred 
from TXREG to TSR. The first data bit will be shifted out 
at the next available rising edge of the clock. Data out 
is stable around the falling edge of the sync clock. 
Transmission can also be started by first writing a data 
word to TXREG and then setting TXEN='l '.This method 
may be advantageous when slow baud rates are se
lected, since the Baud Rate Generator is kept under 
reset when TXEN=CREN=SREN=O. Setting the TXEN 
bit will start the BAG, creating a shift clock immediately. 

The TBMT interrupt (bitl, PIA register) is pending when
ever the transmit buffer is empty and ready to accept 
another word. The interrupt has a corresponding mask 
bit (TXIE, bill, Register PIE). TXIE='l' enables the 
transmit interrupt while TXIE='O' disables it. Regardless 
of TXIE, TBMTwill always show the status of the TXREG 
(not affected by software) and can be used as a status bit. 
To enable the transmit interrupt, Peripheral Interrupt 
Enable, PEIE (bit3, INTSTA register, file 07h) bit must be 
set and Global Interrupt Disable, GLINTD (bit4, CPUSTA 
register, file 06h) bit must be cleared. 

While TBMT (Transmit Buffer Empty) indicates the status 
of the transmit buffer register, another bit TRMT (bill , 
registerTXSTA), indicates the status of the transmit shift 
register. It is a read only status bit. TRMT =1 implies that 
the transmit shift register is empty. The user can deter
mine exactly when transmission is over by polling this bit. 
TRMT is set after the last bit is sent out. 

If 9-bit transmission is selected, the ninth bit should be 
written to bit TXDS (bitO, TXSTA). This bit is also double 
buffered. The ninth bit must be written prior to writing the 
data word to TXREG, since a write to the TXREG triggers 
the transfer of the entire word to the transmit shift 
register. 

In sync master mode, the CK pin will output clocks only 
during actual transmission (see Figure 7.2.1.1 ). In sync 
slave mode clock input may be present on the pin at all 
times. 

If TXEN is cleared during transmission of a word, trans
mission will be aborted and the OT and CK pins will revert 
to hi-impedance. If either the CREN or the SREN bit is 
set, transmission is also aborted and the OT pin will go 
into hi-impedance state (for reception). The CK pin will 
remain an output if CSRC=l (internal clock). The trans
mitter logic, although disconnected from the pins, is not 
reset. The user must clear the TXEN bit to reset the 
transmitter. This is particularly important ifthe SREN was 
set to interrupt an ongoing transmission. In this case, 
after reception of a single word, the SREN bit will reset 
and the serial port will revert back to transmit mode (since 
TXEN is still set). This means the OT pin will turn around 
and start driving. To avoid this, TXEN should be cleared. 
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FIGURE 6.2.1.1 - SYNCHRONOUS TRANSMISSION 

CK pin---------' LJ=l=L__J 
Write to I I I 
TXREG_____n,~ ----~ ~--------45\---------------'~-----

TBMT 
(lrrterrupt flag) 

Writeword1 Writewon:l2 I 
I 

TRMT ~~~~---.__~~~~---'~ 
.,. I ·1~ 

TXEN----------------\1---------------'~----~ 

Note: Sync master mode; BAG = 0. Continuous transmission of two 8 bit words 

FIGURE 6.2.1.2 - SYNCHRONOUS TRANSMISSION (THROUGH TXEN) 

CKpin ---------' 

Write to 
TX REG 

TXEN 

TBMT 
(Interrupt ftag) 

TRMT 

Note: Sync master mode transmission, BAG= 0. Transmission started by TXEN to '1' with data word already waiting in TX.REG. 

FIGURE 6.2.1.3- SYNCHRONOUS 
TRANSMISSION (SLAVE) 

CKp<n~~ 

Wrtteto J / 

TXREG 

TBMTbit 

TRMTblt 

6.2.2 SYNCHRONOUS MODE RECEPTION 

Data is sampled on the DT pin on the falling edge of the 
clock. Reception is enabled by either setting the SREN 
bit (Single Receive Enable, bit5, RCSTA register) or the 
CREN bit (Continuous Receive Enable, bit4, RCST A 
register). If SREN is set, one word is received after 
which SREN is reset in hardware. If the CREN bit is set, 
words are received continuously (and read off by the 
CPU presumably) until CREN is reset by software. If 
both CREN and SREN are set, then CREN will take 
precedence. 

After a word is received completely, it is transferred from 
the receive shift register (RSA) to the receive buffer 
register (RCREG) thus freeing up the RSA to receive the 
next word. With CREN= 1, it is possible to receive con
secutive data words without any discontinuity in be
tween. This makes it possible to receive data words of 
larger size, e.g. 16-bit. In synchronous slave mode the 
SREN bit is a don't care. 

The RCREG is actually a two-word deep FIFO. There
fore, it is possible to receive two words, transfer them to 
RC REG and begin receiving the third word in the receive 
shift register (RSA). If, atthe time of reception of the last 
bit of the third word, the RCREG has still not been read 
(and therefore is holding two words) then the receiver 
control logic will set the overrun error bit, OERR (bit1 , 
register RCSTA). In case of an overrun, the word in the 
shift register is lost (i.e. it can not be read). The RCREG 
can be read twice to retrieve the first two words. The user 
will need to clear OERR by resetting the receiver (by 
clearing CREN). Clearing OERR is essential since once 
overflow flag is set the receiver simply stops transferring 
RSA to RCREG. 
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An interrupt is issued when RSA transfers a data word 
to receive buffer register, RCREG, indicating that RCREG 
is full. The interruptflag (RBFL, bitO, register PIA) can be 
masked by interrupt mask bit RCIE (Receive interrupt 
enable, bitO, register PIE). RCIE=1 enables the receive 
interrupt. 

The ninth bit of the received word is loaded into RCDB 
(bitO, RCSTA). This bit is buffered the same way as the 
receive data. Reading the RCREG register will load the 
new ninth bit. Therefore, the user must read the RCSTA 
register before reading the received data word from 
RC REG. 

FIGURE 6.2.2.1 • SYNCHRONOUS RECEPTION (MASTER MODE, SREN) 

CK pin ---,----' 

Wrllelo 
SRENbil 

SRENbil 

CRENblt ~'0"~-----------------------------'0"-1 

(:: ===================================~--+--': h RXREG ; ~ 
Note: llmlng diagram demonstrates SYNC master mode with SREN = 1 and BRG = 0. 

FIGURE 6.2.2.2 • SYNCHRONOUS RECEPTION (MASTER MODE, CREN) 

.. l .. l"'i"'l .. l .. l"'i"'l .. 1 .. 1 l"'l"'l"'l°'l"'l"'l"'l°'I l"'l"'l"'l°'i"' l"'l"'l°'I 1"'102l .. l°'l"'l021"'i°'i"'l"'l"'l°'I 

DTpkl 

: ~ ~·-1 • IM>E~ 
::. _j I ~ ).~----

..... " I 51----->---+---"--< 1---_,__ _ _,_ _ _,_--11---+---1------

.... 
RCREG 

_I __ ~_..~ 

Nole : Synchronous master mode reception with CREN. Overflow occurs after two words have been received and reception of the 3rd 
word ls almost complete. Resetting CREN resets the receiver, incluclng the OERR bit. The two words are read which then clears 
the RBFL flag. The 3rd won! ls lost. 
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6.2.3 SYNCHRONOUS SLAVE MODE/SLEEP 
MODE INTERACTION: 

When the part is put into SLEEP mode, all on chip phase 
clocks are stopped (part is held in 01 state; see SLEEP 
section for details). In SLEEP, synchronous slave mode 
operation is possible because this mode uses external 
clock. 

SLEEP/sync slave receive: If receive is enabled (SREN 
= '1 ')prior to invoking SLEEP mode, then a word may be 
received during SLEEP and at the completion of such 
reception the RSR will be transferred to RCREG (as
suming it is empty). Simultaneously, a receive interrupt 
will be generated which will wake the chip up, provided 
this interrupt was enabled (by setting RCIE = PEIE = '1'). 
If GUNTO = 'O', then additionally the interrupt will be 
responded to by jumping to interrupt vector 0020h. If the 
receive interrupt is disabled, prior to invoking SLEEP 
mode, then words are received during SLEEP without 
waking up the processor. Overflow bit will be set if three 
words are received. 

SLEEP/sync slave transmit: If two words are written to 
TX REG and then the chip is put into SLEEP the following 
sequence of events will occur. The first word will imme
diately transfer to the TSR. The second word will remain 
in TXREG. Transmit interrupt (TBMT) will stay inactive 
(low). As the first word is shifted out, the second word will 
transfer from TXREG to TSR and the transmit interrupt 
(TBMT) will be raised again. This will wake up the chip 
provided the interrupt was not masked (i.e. TXIE = PEIE 
= '1 '). If GUNTO = 0, then branch to interrupt vector 
0020h will take place as well. 

PIC17C42 

6.3 Baud Rate Generator 

The serial port is equipped with a dedicated 8-bit Baud 
Rate Generator (SPBRG, bankO, file 17h). The SPBRG 
register is readable and writable. The SPBRG register 
controls the period of a free running 8-bit timer. In 
synchronous mode the baud rate is fosc/4(x+ 1) where 
fosc = oscillator or clock-in frequency and x = value 
written to SPBRG register. In asynchronous mode the 
baud rate is fosc/64(x+ 1 ). Tables 6.3.1 and 6.3.2 show 
baud rate values for different SPBRG value and clock
in frequency. SPBRG is unknown following Power-On 
Reset. 

Writing a value to the SPBRG clears the timer. This 
guarantees that the timer does not go through an over
flow cycle, before outputting the appropriate baud rate. 

6.4 Summary of Serial Port Pins 

The serial port uses two pins, RA4/RX/OT and RA5/TX/ 
CK. If SPEN bit (bit7, RCSTA) is set then these pins are 
controlled by the serial port. If SPEN=O, then they are 
configured as input only port pins. (Both pins have 
Schmitt Trigger input buffer.) 

Pin SPEN SPEN = 1 
Name =0 

SYNC SYNC ASYNC 
Master Mode Slave Mode Mode 

RA4/RX/DT input only OT: Data in/out RX: Receive 
port pin Data output ifTXEN=1 and CREN=O input, Always 

and SAEN=O. Hi-impedance input hi-impedance 
otherwise input. 

RA5/TX/CK input only CK: clock output CK: clock input TX: Transmit 
port pin Always a driven Always hi- Driven output 

output impedance ifTXEN=1. 
input Hi-impedance 

input it 
TXEN=O 
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TABLE 6.3.1 -BAUD RATES FOR SYNCHRONOUS MODE 

BAUD tosc=25MHz SPBRG losc=20MHZ SPBRG 16MHZ SPBRG 
RATE value value value 
(K) KBAUD %ERROR (decimal) KBAUD %ERROR (decimal) KBAUD %ERROR (decimal) 

0.3 NA - NA - - NA - -
1.2 NA - NA - NA - -
2.4 NA NA - NA - -
9.6 NA - NA - - NA -
19.2 NA - 19.53 +1.73 255 19.23 +0.16 207 
76.8 77.16 +0.47 80 76.92 +0.16 64 76.92 +0.16 51 
96 96.15 +0.16 64 96.15 +0.16 51 95.24 -0.79 41 
300 297.62 -0.79 20 294.1 -1.96 16 307.69 +2.56 12 
500 480.77 -3.85 12 500 0 9 500 0 7 
HIGH 6250 0 5000 - 0 4000 - 0 
LOW 24.41 255 19.53 - 255 15.625 - 255 

BAUD 10MHz SPBRG 7.15909MHZ SPBRG lose =5.0688MHZ SPBRG 
RATE value value value 
(K) KBAUD %ERROR (decimal) KBAUD %ERROR (decimal) KBAUD %ERROR (decimal) 

0.3 NA - NA - - NA 
1.2 NA - - NA - - NA 
2.4 NA - NA - - NA 
9.6 9.766 +1.73 255 9.622 +0.23 185 9.6 0 131 
19.2 19.23 +0.16 129 19.24 +0.23 92 19.2 0 65 
76.8 75.76 -1.36 32 77.82 +1.32 22 79.2 +3.13 15 
96 96.15 +0.16 25 94.20 -1.88 18 97.48 +1.54 12 
300 312.5 +4.17 7 298.3 -0.57 5 316.8 +5.60 3 
500 500 0 4 NA - NA -
HIGH 2500 - 0 1789.8 - 0 1267 - 0 
LOW 9.766 255 6.991 - 255 4.950 - 255 

BAUD 3.579545MHz SPBRG 1MHZ SPBRG 32.768KHZ SPBRG 
RATE value value value 
(K) KBAUD %ERROR (decimal) KBAUD %ERROR (decimal) KBAUD %ERROR (decimal) 

0.3 NA - NA 0.303 +1.14 26 
1.2 NA - 1.202 +0.16 207 1.170 -2.48 6 
2.4 NA - 2.404 +0.16 103 NA 
9.6 9.622 +0.23 92 9.615 +0.16 25 NA 
19.2 19.04 -0.83 46 19.24 +0.16 12 NA 
76.8 74.57 -2.90 11 83.34 +8.51 2 NA 
96 99.43 +3.57 8 NA NA 
300 298.3 -0.57 2 NA NA -
500 NA NA - NA 
HIGH 894.9 0 250 0 8.192 - 0 
LOW 3.496 - 255 0.9766 255 0.032 - 255 
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TABLE 6.3.2 - BAUD RATES FOR ASYNCHRONOUS MODE 

BAUD fosc=25MHz SPBRG 20MHZ SPBRG 16MHZ SPBRG 
RATE value value value 
(K) KBAUD %ERROR (decimal) KBAUD %ERROR (decimal) KBAUD %ERROR (decimal) 

0.3 NA . . NA . . NA . . 
1.2 NA . . 1.221 +1.73 255 1.202 +0.16 207 
2.4 2.396 0.14 162 2.404 +0.16 129 2.404 +0.16 103 
9.6 9.53 -0.76 40 9.469 -1.36 32 9.615 +0.16 25 
19.2 19.53 +1.73 19 19.53 +1.73 15 19.23 +0.16 12 
76.8 78.13 +1.73 4 78.13 +1.73 3 83.33 +8.51 2 
96 97.65 +1.73 3 104.2 +8.51 2 NA . . 
300 390.63 +30.21 0 312.5 +4.17 0 NA . . 
500 NA . . NA . NA . . 
HIGH 390.6 . 0 312.5 . 0 250 . 0 
LOW 1.53 . 255 1.221 255 0.977 . 255 • BAUD lOMHz SPBRG 7.15909MHZ SPBRG lose =5.0688MHZ SPBRG 
RATE value value value 
(K) KBAUD %ERROR (decimal) KBAUD %ERROR (decimal) KBAUD %ERROR (decimal) 

0.3 NA . . NA . . 0.31 +3.13 255 
1.2 1.202 +0.16 129 1.203 +0.23 92 1.2 0 65 
2.4 2.404 +0.16 64 2.380 -0.83 46 2.4 0 32 
9.6 9.766 +1.73 15 9.322 -2.90 11 9.9 +3.13 7 
192 19.53 +1.73 7 18.64 -2.90 5 19.8 +3.13 3 
76.8 78.13 +1.73 1 NA . 79.2 +3.13 0 
96 NA . NA . . NA . . 
300 NA . NA . NA . . 
500 NA . NA . . NA . . 
HIGH 156.3 0 111.9 . 0 79.2 . 0 
LOW 0.6104 255 0.437 . 255 0.3094 . 255 

BAUD 3.579545MHz SPBRG 1MHZ SPBRG 32.768KHZ SPBRG 
RATE value value value 
(K) KBAUD %ERROR (decimal) KBAUD %ERROR (decimal) KBAUD %ERROR (decimal) 

0.3 0.301 +0.23 185 0.300 +0.16 51 0.256 ·14.67 1 
1.2 1.190 -0.83 46 1.202 +0.16 12 NA . . 
2.4 2.432 +1.32 22 2.232 -6.99 6 NA . . 
9.6 9.322 -2.90 5 NA . NA . . 
19.2 18.64 ·2.90 2 NA . . NA . . 
76.8 NA . . NA . . NA . . 
96 NA . . NA . . NA . . 
300 NA . . NA . . NA . . 
500 NA . . NA . . NA . . 
HIGH 55.93 0 15.63 . 0 0.512 . 0 
LOW 0.2185 . 255 0.0610 . 255 0.0020 . 255 
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6.4 Serlal Port Registers 

6 .4.1 SUMMARY OF SERIAL PORT REGISTERS 

RealstarName 

RCSTA 
RCREG 
TXSTA 
TX REG 
SPBRG 
PIA 
PIE 
tNTSTA 
CPUSTA 

Receive status/control register 
Receive buffer register 
Transmit status/control register 
Transmit buffer register 
Baud Rate Generator 
Peripheral interrupt flag register 
Peripheral interrupt enable register 
Interrupt status register 
CPU status register 

Bank o, File 13h 
Bank o, File 14h 
Bank O, File 15h 
Bank 0, File 16h 
Bank o, File 17h 
Bank 1, File 16h 
Bank 1, File 17h 

File 07h 
File 06h 

Reset Value 

OOOOOOOXb 
XXXXXXXXb 
OOOOOOlXb 
XXXXXXXXb 
XXXXXXXXb 

OOOOOOlOb 
OOOOOOOOb 
OOOOOOOOb 
OOllXXOOb 

FIGURE 6.4.1.1 • RCSTA: RECEIVE STATUS & CONTROL REGISTER 

PIW PIW R/W PIW u R R 

l SPEN J RC8/9 1 SREN } CREN } unused I FERR } OERR } 

R 

RC08 

t 
Register RCSTA R = Read only bit 
BankO, File 1311 R/W =Readable and writable bit 

U = Unused, reads as o 

9lh bit of receive data 

Overrun error bit. 
1 = overrun Resat by clearing CREN 

Framing error bit. 
1=framing error 

Continuous receive enable bit 
In async made: CREN=1 enables reception 
In sync made: CREN=1enablas oontinuous reosption 
until CREN is cleared CREN overrides SREN. 

Single receive enable (sync made only). SREN=l will 
enable reception. SREN is cleared after reception Is 
complete. This bit is don' care in async mode. 

RCB/9=1: Selects 9 bit reosption. 
RCB/9=0: Selects 8 bit reception. 

Serial port enable: SPEN=1 configures RA4/RX/DT 
and RA51TX/CK pins as serial port pins. 

FIGURE 6.4.1.2 • TXSTA: TRANSMIT STATUS & CONTROL REGISTER 

R/W PIW R/W R/W u u R R/W 

l~ITX819I~I~I~I~I~I~J 

L 
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Register lXSTA R = Read only bit 
BankO, File 15h RIW = Readable and writable bit 

U = Unused, reeds as O 

9th bit of transmit data 

Transmit shift register (TSR) empty 
TRMT =1: TSR empty 

SYNC=1: Synchronous mode 
SYNC=O: Asynchronous mode 

TXEN=1: Transmit enabled 
TXEN=O: Transmit disabled 
SREN/CREN overrides TXEN 

TXB/9=1: Selects 9 bit transmission 
TX819=0: Selects 8 bit transmission 

SYNC mode: CSRC=1: Internal Clock 
CSRC=O: External Clock 

ASYNC mode: Don' care. 
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7.0 TIMER/COUNTERS: OVERVIEW 

The PIC17C42 has a rich set of timer/counters: Two 
8-bit timer counters (also configurable as one 16-bit 
timer/counter) and two 16-bit timer/counters. These can 
be configured as: 

-Two 16-bit +two 8-bittimer/counters 

-Three 16-bit timer/counters 

A brief overview of these timer/counters is as follows: 

TMRO: TMRO is a 16-bit timer/counter consisting of two 
8-bit sections (TMROH, TMROL). It has a programmable 
8-bit prescaler. TMRO can increment off internal clock 
(OSC/4) or external clock input on the RA1/TOCKI pin. 
TMRO generates an interrupt on overflow. 

TMR 1 TMR2: These are two 8-bit timer/counters. They 
each have an 8-bit period register (PR1 and PR2 respec
tively) and an interrupt. In counter mode, their clock 
comes from pin TCLK12 (shared between the two timer/ 
counters). They can be configured as a 16-bit timer/ 
counter with interrupt and a 16-bit period register. 

TMR3: Timer3 is a 16-bit timer/counter consisting of two 
8-bit sections TMR3H and TMR3L. It has a 16-bit period 
register (PR3H, PR3L), an interrupt and an external 
clock source (pin TCLK3) in counter mode. 

PIC17C42 

7.1 Role of the Timer/Counters 

The timer/counters are general purpose. However, they 
have special usage. TMRO is physically part of the 'core'. 
It is planned that future variations of the PIC17CXX 
family will include this timer. Therefore, time dependent 
code, e.g. real time operating system or clock/calender 
type software can be written using RTCC and ported to 
future PIC17CXX family members. 

TMR3 is also used for 16-bit capture function as is 
described in capture section. Timers TMR1 and TMR2 
can be used as time bases for PWM1 and PWM2 
outputs respectively. Alternately, TMR1 can run both 
PWM outputs and thus free up TMR2 to be a general 
purpose timer. 

These timers are not needed to do the following func
tions: Watchdog Timer (ifs a separate timer); Baud Rate 
generation for serial communication (serial port has its 
own 8-bit Baud Rate Generator). 

7.2 TMRO Module 

The TMRO module consists of a 16-bit timer/counter, 
TMRO (high byte TM ROH, file OCh and low byte TMROL, 
file OBh), an 8-bit prescaler, and the RA 1/TOCKI pin as 
the source of external clock signal. The control bits for 
this module are in register RTCSTA. 

FIGURE 7.2.1.1 -TMRO MODULE BLOCK DIAGRAM 

Lg]~:=J 
TOCKI I I 

RTEDG 
(bit 6. RTCSTA) 

© 1994 Microchip Technology Inc. 

OSC/4 

TIC 

Prescaler 
(8 stage 

async ripple 
counter) 

(bit 5, RTCSTA) RTPS <3:0> 
(btt <4:1>, RTCSTA) 

Synchronization 

I I 
02 04 

IP11<SJ~im~llll~11y 
2-645 

TMROH <8> TMROL <8> 
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FIGURE 7.2.1.2- RTCSTA: TMRO STATUS/CONTROL REGISTER 

R/W R/W R/W R/W R/W R/W R/W R/W 

l INTEDG l RTEDG l TIC l RTPS31 RTPs2 J RTPS1 l RTPSO l unused J R/W : Readable/Writable 

7.2.1 TMRO OPERATION 

I.MAO increments either on internal clock, OSC/4 (if 
TIC= '1' in RTCSTA) or on_external clock (counter 
mode) on TOCK! pin (if bit TIC = 'O' in RTCSTA). If 
external clock is chosen, increment can occur on either 
the rising edge (RTEDG = '1' is RTCSTA register) or the 
falling edge (RTEDG = 'O' is RTCSTA register). The 
prescaler can be programmed to introduce a prescale of 
1 :1 to 1 :256 in either timer or counter mode. The timers 
increment from OOOOh to FFFFh and roll over to OOOOh. 
On overflow, the TMRO interrupt request flag, TOIR (bit 
5, register INTSTA), is set. The TMRO interrupt can be 
masked off by clearing the corresponding interrupt mask 
bit, TOIE (bit 1, INTSTA). The interrupt request flag, 
TOIR, must be cleared in software. 

bitO 

Prescale Value Selection 

RTPS <3:0> Prescale Value 

0000 1:1 
0001 1:2 
0010 1:4 
0011 1:8 
0100 1:16 
0101 1:32 
0110 1:64 
0111 1:128 
1XXX 1:256 

1 : nmer mode, i.e. clock source is Internal (OSC/4) 
O : Counter mode, i.e. clock source Is external (RT pin) 

O : Th1RO increments and/or RA 1fTOCKI interrupt 
generated on a falling edge on RA1fTOCKI pin. 

1 : TMRO increments and/or RA1fTOCKI interrupt 
generated on a rising edge on RA1fTOCKI pin. 

O : INT Interrupt generated on falling edge on INT pin 
1 : INT interrupt generated on rising edge of INT pin 

7.2.2 READ/WRITE CONSIDERATION FOR TMRO 

Although the TMRO is a 16-bit timer/counter, only 8-bits 
at a time can be read or written. This could create a 
problem unless care is taken. 

Reading 16-bit value: One problem in reading the entire 
16-bit value is that after reading the low (or high) byte it 
may change from FFh to OOh. This can be handled in 
software as follows: 

movpf tmrOl, tmplo ; read lo tmrO 
movpf tmrOh, tmphi ;read hi tmrO 
movfp tmplo, wreg ; tmplo -+ wreg 
cpfslt tmrOl, wreg ;tmrOl < wreg? 
retfie ; no then return 
movpf tmrOl, tmplo ; read lo tmrO 
movpf tmrOh, tmphi ;read hi trorO 
retfie ;return 

Interrupts must be disabled during this subroutine. 

FIGURE 7.2.2.1 -TMRO TIMING: WRITE HIGH OR LOW BYTE 

AD <15:0> 

ALE 

TMROL 

TM ROH 

08300730-page 44 

I 011021-a3l04lo1102103104101102103104101102103104101I021031041 

I I I I I I 

I MOVFP W.TMRO!. I MOVFP TMRO!..W I MOVFP TMROL,W I MOVFP TMROL.W I MOVFP TMROL.W I 

RT RT+1 NRT x: 
I 

x: 
t I 

x: 
~~-'----z-t -

I 
R~==~~°i I 

I Write to TMROL ReadTMROL 
I executed ReadsNRT 

NRT+1 xj 
t I 
~=ST~R~1 I 

x: x x: '-t----'x'-t-: ~~ 

!Pll'®~~m~llil©lll'Y © 1994 Microchip Technology Inc. 

2-646 



Writing a 16-bitvalue to the TMRO: Since writing to either 
TMROL or TMROH will effectively inhibit increment of 
that half of the TMRO in the next cycle (following write), 
but not inhibit increment of the other half, the user must 
write to TMROL first and TM ROH next in two consecutive 
instructions, as shown below: 

BSF CPUSTA, GLINTD 
MOVFP RAM_L, TMROL 
MOVFP 
!lCF 

RAM_H, TMROH 
CPUSTA, GLINTD 

; Disable interrupt 

' ; Done, enable interrupt 

Interrupt must be disabled. The user should note that a 
write to TMROL or TMROH will reset the prescaler. 

7 2 3 EXTERNAL CLOCK CONSIDERATIONS 

When the external clock input is used for TMRO, it is 
synchronized with the internal phase clocks. Therefore, 
the external clock input must meet certain requirements. 
Also, there is some delay from the occurrence of the 
external clock edge to the incrementing of TMRO. Refer
ring to Figure 7.2.3.1, the synchronization is done after 
the prescaler. The output of the prescaler (PSOUT) is 
sampled twice in every instruction cycle to detect a rising 
or a falling edge. Therefore, it is necessary for PSOUT 
to be high for at least 2tosc or low for at least 2tosc where 
lose= oscillator time period. 

When no prescaler is used (i.e, prescale is 1: 1) : PS OUT 
is the same as the TMRO clock input and therefore the 
requirements are: 

T RTH = RA 1 fTOCKI high time ~ 2tosc + 20ns 

T RTL = RA 1fTOCKI low time ~ 2 tosc + 20ns 

PIC17C42 

When prescaler is used: the RA 1fTOCKI input is divided 
by the asynchronous ripple counter-type prescaler and 
so the prescaler output is symmetrical. The require
ments are then: 

PSOUT high time = PSOUT low time =~RT 

where T RT = RA 1fTOCKI input period and 

N = prescale value (2, 4, .... , 256). 

ThereforefilRr ~ 2tosc + 20 ns, or T RT~ 4 lose+ 40ns 
2 N 

The user will notice that no requirement on TMRO high 
time or low time is specified. However, if the high time or 
low time on the TMRO input is too small then the pulse 
may not be detected, hence a minimum high or low time 
of 1 Ons is required, In summary, the TMRO input require
ments are: 

T RT = RA 1fTOCKI period~ (4tosc + 40 ns)/N 

T RTH = RA 1 fTOCKI high time ~ 1 Ons 

T RTL = TOCK! low time ~ 1 Ons 

Delay from external clock edge: since the prescaler 
output is synchronized with the internal clocks, there is 
a small delay from the time the external clock edge 
occurs to the time the TMRO is actually incremented. 
Referring to Figure 7.2.3.1, the reader can see that this 
delay is between 3tosc and Ztosc. Thus, for example, 
measuring the interval between two edges (e.g. period) 
will be accurate within ± 4tosc ( ± 160ns @ 25 MHz). 

FIGURE 7.2.2.2 - RTCC READ/WRITE IN TIMER MODE 

AD <15:0> 

ALE 

Instruction 
fetched 

WR_TMROL 

WR_TMROH 

RD_TMROL 

TM ROH 

TMROL 

I I I 

{
I MOVFP I MOVFP I 
I OATAL,TMROL I OATAH, TMROH1 

Write TMROL Write TMROH 
I I 

MOVPF 
TMROL,W 

ReadTMROL 

X 12 X ', 13 12 ~~I---~ .. 

MOVPF 
TMROL,W 

ReadTMROL 

MOVPF MOVPF 
TMROL, W TMROL, W I 

Read TMROL I Read TMROL I 
I 

I 

.___F_E~x FF x 56 x I 57 x I 58 ~ 
I I I I I I 

In this example, old TMRO value is 12FEh, new value of AB56h is written 
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FIGURE 7.2.3.1 • TMRO TIMING WITH EXTERNAL CLOCK 

:~1~1 001~:~1~1 001~:~1~1°31~:~1~1°31~: 
Prescaler I I I I cnote4) I 

output 
(PSOUT) 

I I I I 

Sampled 
Prescaler 

output 

'--'-' ........... +---~-' 

t 

Increment 
TMRO I I 

TMRO -+---RT-+-: -~x : RT+1 x: RT+2 

Note1: The TMRO increments on falling edges in this example 
Note2: The delay from the TOCKI edge to the TMRO increment is 3tosc-71Dsc. 

Therefore, error in measuring the interval between two edges is ± 4tosc. 
Note3: i = PSOUT is sampled here. 
Note4: The PSOUT high time is too small and is missed by the sampling circuit. 

7.2.4 SUMMARY OF RTCC REGISTERS 

Register Name 
TMROL 
TM ROH 
RTCSTA 

INTSTA 
CPUSTA 

7.3 T!mer1 &Dmer2 

.EwK;fum 
TMRO Timer/Counter low byte 
TMRO Timer/Counter high byte 
TMRO Status/Control 

Interrupt Status Register 
CPU Status Register 

Timer1 (TMR1, Bank 2) and Timer2 (TMR2, Bank 2) are 
two 8-blt Incrementing timer/counters, each with a pe
riod register (PR1, Bank 2 and PR2, Bank 2, respec
tively) and separate overflow interrupt. They can oper
ate as timers (increment on internal OSC/4 clock) or as 
counters (increment on falling edge of external clock on 
pin TCLK12). They can operate as two 8-bit timer/ 
countersorasasingle 16-bittimercounter. TMR1 and 
TMR2 are also used as the time base for the PWM (pulse 
width modulation) module. 

7.3 1 TIMER1 TIMER2 IN 8-BIT MODE 

8-bit mode is selected by setting 1618 (bit 3, register 
TCON1) to 'O'. In this mode, TMR1 will be configured as 
a timer if control bitTMR1C (bitO, registerTCON1) is 'O' 
and increment once every instruction cycle (OSC/4). 
Setting bit TMR1C = '1' will configure TMR1 as a 

Addrus. 
FileOBh 
File OCh 
File 05h 

File07h 
File 06h 

ResetYalue 
XXXXXXXXb 
XXXXXXXXb 
OOOOOOOOb 

OOOOOOOOb 
OOllXXOOb 

counter. As a counter, TMR1 will increment on every 
negative edge on pin TCLK12. Since TCLK12 input is 
synchronized with internal phase clocks, it has to satisfy 
certain requirements. TCLK12 must be high for at least 
(0.5Tcy + 20)ns and low for at least (0.5Tcy + 20)ns 
whereTcy=4tosc. TMR1 incrementsfromOOh until it is 
equal to PR1 and then resets to OOh at the next incre
ment cycle. An interrupt is generated When reset occurs 
which is latched in bit TM1 IR (TMR1 Interrupt Request 
Flag, bit 4, PIA). This bit can be masked off by setting bit 
TM11E (TMR1 Interrupt Enable) to 'O'. In order for the 
TM1 IR interrupt to be recognized, the Peripheral Inter
rupt Enable bit (PEIE, bit 3, register INTSTA) must be set 
to a '1' and the Global Interrupt Disable bit, GLINTD, 
must be 'O'. TMR1 must be enabled by setting bit 
TMR10N (bit 0, register TCON2) to a '1' and can be 
stopped any time by clearing bit TMR1 ON to 'O'. TMR1 
and PR1 are both readable and writable registers. 
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TMR2, in 8-bit mode is identical in functionality as TMR1 . 
The corresponding control bits for TMA2 are TMR2C 
(bit 1, TCON1 ), TM21R (Timer2 Interrupt-Request Flag, 

PIC17C42 

bit 5, PIA), TM21E (Timer2 Interrupt Enable Flag, bit 5, 
PIE) and TMR20N (bit 1, TCON2). In counter mode, 
TMR2 also increments on falling edge on TCLK12 pin. 

FIGURE 7.3.1.1 -TIMER1fTIMER2 BLOCK DIAGRAM 

J Two 8 bit Timer/Counter Mode J 

OSC/4-----<0 

AB4fTCLK12 

OSC/4 ----; o 

J One 16 bit Timer/Counter ModeJ 

AB4fTCLK12 
OSC/4----; 

7.3.2 TIMER1 & TIMEA2 IN 16-BIT MODE 

16-bit mode is selected by setting bit 16/S (bit 3, register 
TCON1) to '1'. In this mode TMR1 and TMR2 concat
enate to form one 16-bit timer/counter (TMR2 = high 
byte). Timer mode is selected by setting TMR1C (bitO, 
register TCON1) to 'O' where it increments once every 
instruction cycle (OSC/4). Counter mode is selected if 
TMA1C bit= '1' and it increments on every negative 
edge on pin TCLK12. Input clock on TCLK12 must have 
a high time~ (0.5Tcy + 20)ns and a low time~ (0.5Tcy 
+ 20)ns where Tcy = 4tosc. The 16-bit timer increments 
until it matches the 16-bit value in PA1, PR2 (PR2 =high 
byte) and then resets back to OOOOh. An interrupt is 
generated atthistime which is latched into the TM1 IA bit 
(bit 4, PIA). In 16-bit mode, control bit TMR1 C controls 
the entire 16-bittimer and bitTMA2C is a don't care. The 
TMR20N bit must be always set to '1' in 16 bit mode. 
TMR1 ON bit controls the entire 16-bit timer. 

TMA1 <8> 

Comparator <8> 

PA1 <8> 

TMA2<8> 

Comparator <8> 

PA2<8> 

TMA1 <8> TMA2<8> 

Comparator <16> 

PA1 <8> PA2<8> 

Set Interrupt TMA1 IA 
(bit4, PIA) 

Set Interrupt TMA21A 
(bit5, PIA) 

Set Interrupt TMA1 IA 
(bit 4, PIA) 

7 3 3 EXTERNAL CLOCK INPUT FOR TIMEA1 
TIMER2 

When configured as a counter, TMA1 or TMR2 incre
ments on the falling edge of clock input TCLK12. How
ever, this input is sampled and synchronized by the 
internal phase clocks twice every instruction cycle. There
fore, the external clock must meet the following require
ments: 

TCLK12 high time~ 0.5 Tcy + 20ns 
TCLK12 low time ~ 0.5 Tcy + 20ns 

There is a delay from the time a falling edge appears on 
TCLK12 to the time TMA1 or TMR2 is actually 
incremented. The delay is between 2tosc and 6tosc, 
where lose= oscillator period. See Figure 7.3.3.1 for a 
timing diagram. 
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FIGURE 7.3.1.2 • TMR1, TMR2, TMR3 TIMING .IN TIMER MODE 

: 01! "'I as! 04' 011021 as! 04' a•! "'I as! 04' 01! ""I "'I 04' 011 ""I as! 04: "'I ""I as! 04: "'I ""I "'I 04: a•I ""I as! 04' a•l""I asl 04' ail Q21aal 04' "'I.,., "'I 04: 
I I I I I 

AD<15:Q> 
I I I I 

-111R1,W --· MO\IF 
TUR1,W 

"'""™"' 
llO\llB4 8SF 

TCON2,0 ' 
SlapTMR1 I 

NOP 1 BCF NOP 
I TCON2,0 I 

-TMRI ' 

FIGURE 7.3.3.1 • TMR1, TMR2 AND TMR3 IN EXTERNAL CLOCK MODE 

NOP NOP 

:ru1~1 001~:ru1~1 001~:ru1~1 001~:ru1~1 001~:ru1~1 001~:ru1~100 1~:ru 
I I I I I I I 

AD<15:0> 

ALE 
Instruction { I MOVWFTMR1 1MOVFPTMR1,W1MOVFPTMR1,W1 

fetched t Wrtte~TMR1 t ReadtTMR1 t ReacltTMR1 t 
t t 

TCLK12 ~ I/ ~ ,111r---"""""'"""""""' \'§.~~ 

TMR1 

PR1 

Wr_TMR1 

Read_TMR1 

TMR11R 
(bitO, TCON2) 

I I I 

I 
(<fin 

"A9h" 

t 

Notes: TCLK12 is sampled in Q2 and 04 . .!. indicates a sampling point. 

I 

t t 

x OOh 
I 

"A9h" 

The latency from TCLK12 .!. to timer increment is between 2 tosc and 6 tosc. 

I 

t 

NOP ' 
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FIGURE 7.3.1.3-TIMER/CAPTURE/PWM CONTROL REGISTER 1 (TCON1) 

R/W R/W R/W R/W R/W R/W R/W R/W 

[ CA2ED1 I CA2EDO I CA1ED1 I CA1EDO I 1618 I TMR3C I TMR2C I TMR1C ] 

bitO 

~ 
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Register TCON1 R =Read only bit 
File 16h, Bank 3 R/W = Readable and writable bit 
Reset Value: OOh U =Unused, reads as O 

0: Timer/Counter1 increments on internal clock (timer 
mode) 

1: Timer/Counter1 increments on falling edge o· 
TCLK12 pin (counter mode) 

O: Timer/Counter2 increments off the internal clock 
(timer mode) 

1: Timer/Counter2 increments on falling edges of the 
TCLK12 pin (counter mode) 
This bH is a doni care in 16 bH mode. 

0: Timer/Counter3 increments off the internal clock 
(timer mode) 

1: Timer/Counter3 increments on falling edges of the 
TCLK3 pin (counter mode) 

O: TMR1 and TMR2 are two separate 8 bit timers 
1: TMR1 and TMR2 make a 16 bit timer/counter 

Capture1 Mode Select 
00: Capture on every falling edge 
01: Capture on every rising edge 
10: Capture on every 4th rising edge 
11: Capture on every 16th rising edge 

Capture2 Mode Select 
00: Capture on every falling edge 
01: Capture on every rising edge 
1 O: Capture on every 4th rising edge 
11: Capture on every 16th rising edge 
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FIGURE 7.3.3.2 • TIMER/CAPTURE/PWM CONTROL REGISTER 2 (TCON2) 

R/W R/W R/W R/W R/W R/W R/W R/W 

l CA20VF l CA10VF l PWM20N l PWM10N l CA1/PR31 TMR30N.l TMR20N l TMR10N J 
bitO 

L--

7.3.4 SUMMARY OF TIMER1. TIMER2 REGISTERS 

Register Name 
TMR1 
TMR2 
PR1 
PR2 
TCON1 
TCON2 

PIR 
PIE 

INTSTA (bit PEIE) 
CPUSTA (bit GUNTO) 

05300730-page 50 

f!.!lli<1iQn 
Timer/Counter1 
Timer/Counter2 
Period Register1 
Period Register2 
Timer Control Register1 
Timer Control Register2 

Peripheral Interrupt Register 
Peripheral Interrupt Enable 

Interrupt Status Register 
CPU Status Register 

fPll'®~~m~llil~ll'~ 
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Register TCON2 R = Read only bit 
File 17h, Bank 3 R/W = Readable and writable bit 
Reset Value: OOh u = Unused, reads as o 

O: TMR1 is stopped 
1: TMR1 is running 

O: TMR2 is stopped 
1: TMR2 is running 
Must be set to '1' in 16 bit mode. 

O: TMR3 is stopped 
1: TMR3 is running 

O: Registers PR3H/CA1H and PR3L/CA1L a 
configured as period register for timer 3 

1: Registers PR3H/CA1H and PR3L/CA1L ar< 
configured as capture 1 register. Timer 3 runs 
without a period register. 

O: RB2/PWM1 pin configured as a port pin. Direction is 
determined by corresponding DOR bit. 

1: RB2/PWM1 pin is configured as PWM1 output. Pin 
is forced to be an output regardless of the DOR bit. 

0: RB3/PWM2 pin is configured as a port pin. Direction 
is determined by corresponding DOR bit. 

1: RB3/PWM2 pin is configured as PWM2 output. Pin 
is forced to be an output regardless of the DOR btt. 

Capture1 overflow status bit. Set (or reset) when both 
bytes of the capture register are read and an overflow 
sttuation has occured (or not) 

Capture2 overflow status bit. Set (or reset) when both 
bytes of the capture register are read and an overflow 
situation has occured (or not) 

Address Reset Value 
Bank 2, File 10h XXXXXXXXb 
Bank 2, File 11 h XXXXXXXXb 
Bank 2, File 14h XXXXXXXXb 
Bank 2, File 15h XXXXXXXXb 
Bank 3, File 16h OOOOOOOOb 
Bank 3, File 1 Zh OOOOOOOOb 

Bank 1, File 16h OOOOOOlOb 
Bank 1, File 17h OOOOOOOOb 

File OZh OOOOOOOOb 
File 06h OOllXXOOb 
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7.4 Timer/Counter 3 

TMR3 is a 16-bit timer/counter consisting of TMR3L (file 
12, Bank 2) as the low byte of the timer and TMR3H (file 
13, Bank 2) as the high byte of the timer. It has an 
associated 16-bit period register consisting of 
PR3L/CA1L (file 16, Bank 2), the low byte, and PR3H/ 
CA1H (file 17, Bank2), the high byte. Timer3 is a timer 
if TMR3C = O (bit 2, Register TCON1) in which case it 
increments every instruction cycle (OSC/4). If TMR3C = 
1, the timer 3 acts as a counter and increments on every 
falling edge of TCLK3 pin input. In either mode, TMR3 
increments if TMR30N = 1 (bit 2, Register TCON2) and 
stops if TMR30N = O. TMR3 has two modes of opera
tion: depending on bit CA 1/PR3 (bit 3, RegisterTCON2) 
the period register can be configured as a period or a 
capture register (Refer to Section 8.0 for details on 
capture operation). 

Period register mode, CA1/Pfi3 - O: In this mode regis
ters PR3H/CA 1 H and PR3L/CA 1 L constitute a 16-bit 
period register. The timer increments until it equals the 
period register and then resets to OOOOh. Timer3 inter
rupt (TM31R, bit6, Register PIA) request flag is set at this 
point. This interrupt can be disabled by setting timer3 
mask bit (TM31E, bit 6, Register PIE) to 'O'. TM31R must 
be cleared in software. 

Caoturel register mode, CA1/Pfi3- 1: In this mode the 
PR3H/CA 1 H and PR3L/CA 1 L constitute a 16-bit cap
ture register. The timer operates without a period regis
ter and increments from OOOOh to FFFFh and rolls over 
to OOOOh. A timer3 interrupt (TM31R, bit 6, Register PIA) 
is generated on overflow. The TM31R interrupt flag must 
be cleared in software. 

7.4.3 SUMMARY OF TIMER3 REGISTERS 

Register Name .El.!ru;tiQn 
TMR3L Timer/Counter3 low byte 
TMR3H Timer/Counter3 high byte 
CA2L Capture2 low byte 
CA2H Capture2 high byte 

PIC17C42 

7,4.1 EXTERNAL CLOCK INPUT FOR TIMER3 

Timer3 increments on the falling edges of the clock input 
on TCLK3 pin. However, this input is sampled and 
synchronized by the internal phases, twice every in
struction cycle. Therefore, the external clock input must 
meet the following requirements: 

TCLK3 high time~ 0.5Tcy + 20 ns 

TCLK3 low time ~ 0.5Tcy + 20 ns 

There is a delay from the time an edge occurs on TCLK3 
to the time the timer3 is actually incremented. This delay 
is between 2 tosc and 6tosc, where tosc = oscillator 
period. See Figure 7.3.3.1 for a timing diagram. 

7.4.2 READING/WRITING TIMER3 

Since timer3 is a 16-bittimer and only 8-bits at a time can 
be read or written, the user should be careful about 
reading and writing when the timer is running. The safe 
and easy thing to do is to stop the timer, perform any read 
or write operation, and then restart timer3 (using the 
TMR30N bit). If, however, it is necessary to keep timer3 
free-running then certain suggested methods must be 
followed for reading and writing the timer. See Section 
7.2.3 for details. 

PR3L/CA 1 L Period Register3 low/capture 1 low 

~ 
Bank 2, File 12h 
Bank 2, File 13h 
Bank 3, File 14h 
Bank 3, File 15h 
Bank 2, File 16h 
Bank 2, File 17h 
Bank 3, File 16h 
Bank 3, File 17h 

ResetValye 
XXXXXXXXb 
XXXXXXXXb 
XXXXXXXXb 
XXXXXXXXb 
XXXXXXXXb 
XXXXXXXXb 
OOOOOOOOb 
OOOOOOOOb 

PR3H/CA 1 H Period Register3 high/capture 1 high 
TCON1 Timer Control Register1 
TCON2 Timer Control Register2 

PIA 
PIE 

INTSTA (bit PEIE) 
CPUSTA (bit GLINTD) 

C 1994 Microchip Technology Inc. 

Peripheral Interrupt Register 
Peripheral Interrupt Enable 

Interrupt Status Register 
CPU Status Register 

IPrr@~amall'il~rr~ 
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Bank 1, File 16h 
Bank 1, File 17h 

File07h 
File06h 

OOOOOOlOb· 
OOOOOOOOb 

OOOOOOOOb 
OOllXXOOb 
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FIGURE 7.4.1.1 • TIMER3/CAPTURE MODULE BLOCK DIAGRAM 

Timer + Period Reg + One Capture Mode (CA 1/PR3 = 0) I 
TMA3C 
(bit 2, TCON1) PR3H/CA1H PR3JCA1L 

OSC/4 -----10 
Comparator <16> 

TMR3L<8> 

AB5/TCLK3 TMR30N 
(bit 2, TCON 2) 

Edge Select 
CA2H CA2L Prescaler Select 

AB1/CAP2 
2 

CA2E01, CA2EDO 
(bits 7, 6, TCON1) 

I Timer+ Two Capture Mode (CA1/PR3=1) 

CA1E01, CA1EDO 
(bits 5, 4, TCON1) 

2 

~ Edge Select 
Prescaler Select PR3UCA1L 

ABO/CAP1 

Capture 
enable 

OSC/4 0 

TMR3H<8> TMR3L<8> 

AB5/TCLK3 TMA30N 

TMA3C (bit 2, TCON 2) 

(bit 2, TCON 1) 
Capture 
enable 

CA2H CA2L 

~ Edge Select 
Prescaler Select 

AB1/CAP2 
2 

CA2j:01, CA2EDO 
(bits 7, 6, TCON1) 
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Timer 3 Interrupt 
(TM31R, bit 6, PIA) 

Capture 2 Interrupt 
(CA21A, bit 3, PIA) 

Capture 1 Interrupt 
(CA11A, bit 2, PIA) 

Timer 3 Interrupt 
(TM31A, bit 6, PIA) 

Capture 2 Interrupt 
(CA21A, bit 3, PIA) 
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8.0 CAPTURE MODULE 

The PIC17C42 has two 16-bit capture registers that 
capture the 16-bit value of timer/counter3 (TMR3) when 
events are detected on capture pins. There are two 
capture pins (RBO/CAP1 and RB1/CAP2), one for each 
capture register. The capture pins are multiplexed with 
PORTB pins. An event can be a rising edge, a falling 
edge, 4 rising edges or 16 rising edges on the pin. Each 
capture register has an interrupt request flag associ
ated with it which is set when a capture is made. The 
capture module is truly part of the timer/counter3/ 
capture block. Refer to Figure 7.4.1.1 for a block 
diagram. The capture module can operate in one of two 
modes described below. 

8.1 One Capture + T!mer/Counter3 + Period 
Register Mode 

This mode is selected if control bit CA 1/PR3 = O (bit 3, 
register TCON2). In this mode, the capture1 register, 
consisting of high byte (PR3H/CA1H, File 17, Bank 2) 
and low byte (PR3UCA1L, File 16, Bank 2), is config
ured as the period control register for TMR3. Capture1 
is disabled in this mode, and the corresponding interrupt 
bit CA11R (bit 2, PIA) is never set. Timer/counter3 
increments until it equals the value in the period register 
and then resets to OOOOh. See Section 8.4 for details of 
TMR3 operation in this mode. 

Capture2 is active in this mode. Control bits CA2ED1 
and CA2EDO (bits 7 and 6, Register TCON 1) determine 
the event on which capture will occur. CA2ED1, CA2EDO 
= 00 enables capture on every falling edge, 01 =capture 
on every rising edge, 1 O =capture every 4th rising edge 
and 11 =capture every 16th rising edge. When a capture 
takes place, an interrupt is latched into CA21R (capture 
2 interrupt flag, bit 3, PIA). This interrupt can be enabled 
by setting the corresponding mask bit CA21E (bit 3, PIE). 
Also, peripheral interrupt enable bit PEIE (bit 3, INST A) 
must be set and the Global Interrupt Disable bit (GUNTO, 
bit 4, CPUSTA), should be cleared for the interrupt to be 
acknowledged. The CA21R interrupt flag needs to be 
cleared in software. 

When the capture prescale select is changed, the pres
caler is not reset. Therefore, the first capture after such 
a change will be ambiguous. It, however, sets the basis 
for the next capture. The prescaler is reset upon chip 
reset. 

The capture pin RB1/CAP2 is a multiplexed pin. When 
used as a port pin, capture2 is not disabled. However, 
the user can simply disable the capture2 interrupt by 
clearing CA21E. If RB1/CAP2 is used as an output pin, 
some interesting possibilities arise. The user can acti
vate a capture by writing to the port pin which may be 
useful during development phase to emulate a capture 
interrupt. 
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The input on capture pin, RB1/CAP2, is synchronized 
internally to internal phase clocks. This imposes certain 
restrictions on the input waveform. The minimum high 
time (TcPH) and the minimum low time (TcPL) on the 
capture input needs to be greater or equal to 1 Ons. The 
period (TcAP) must be >2Tcy/N where N = prescale 
value (1, 4, 16) and where Tcy =one instruction cycle 
time ( = 4tosc). 

Capture2 Overflow 

The overflow status flag bit is double buffered. The 
master bit is set if one captured word is already residing 
in the capture2 register and another 'evenr has occurred 2 on RB1/CA2 pin. The new event will not transfer the 
timer3 value to the capture register, protecting the 
previous unread capture value. When the user reads 
both the high and the low bytes (in any order) of the 
capture2 register, the master overflow bit is transferred 
to the slave overflow bit (CA20VF, bit 7, TCON2) and 
then the master bit is reset. The user can then read 
TCON2 to determine the value of CA20VF. 

The recommended sequence to read capture registers 
and overflow is as follows: 

llOVLB 3 1 Select Bank 3 
llOVPI" CA2L. LO_BY'l'I: 1 Read captura2 low byte, 

I •tore in LO_BYD 
llOVPP CA2B, B:I_BYTB I Read capture2 high byte, 

1 •tore in B:I_BY'l'B 
llOVPI' TCOll2, ST.A.T_VAL I Read 'l'COll2 into fil.e 

I STAT_V.AL 

8.2 Two Capture + T!mer/Counter3 Mode 

This mode is selected by setting CA 1/PR3 (bit 3, register 
TCON2). In this mode, the timer (TMR3) runs without a 
period register and increments from OOOOh to FFFFh 
and rolls over to OOOOh. For details on TMR3 operation, 
see Section 8.4. Registers PR3H/CA 1 H (file 17h, Bank 
2) and PR2UCA1L (file 16h, Bank 2) make a 16-bit 
capture register (Capture1 ). It captures events on pin 
RBO/CAP1. Capture mode is set by control bits CA 1 ED1 
and CA 1 EDO (bit 5 and 4, Register TCON 1 ). A capture 1 
interrupt is latched into the CA 11R (bit 2, PIA). The 
corresponding interrupt mask bit is CA11E (bit 2, PIE). 
The capture1 overflow status bit is CA10VF (bit 6, 
TCON2). Otherwise, capture1 operates identically to 
capture2. Capture2 operation is same as in the previous 
mode. 
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8.3 Summary of Capture Registers 

Register Name 

PR3UCA1L 
PR3H/CA1H 
CA2L 
CA2H 
TMR3L 
TMR3H 
TCON1 
TCON2 

PIA 
PIE 

INTSTA (bit PEIE) 
CPUSTA (bit GUNTO) 

DS30073D-page 54 

Function 

Period Register 3 low/capture 1 low 
Period Register 3 high/capture 1 low 
Capture2 register low 
Capture2 register high 
Timer/Counter 3 low 
Timer/Counter 3 high 
Timer Control Register 1 
Timer Control Register 2 

Peripheral Interrupt Register 
Peripheral Interrupt Enable 

Interrupt Status Register 
CPU Status Register 

fP11®~imiliil~li~ 
2-656 

Address 

Bank 2, File 16h 
Bank 2, File 17h 
Bank 3, File 14h 
Bank 3, File 15h 
Bank 2, File 12h 
Bank 2, File 13h 
Bank 3, File 16h 
Bank 3, File 17h 

Bank 1, File 16h 
Bank 1, File17h 

File 07h 
File06h 

Reset Value 

XXXXXXXXb 
XXXXXXXXb 
XXXXXXXXb 
XXXXXXXXb 
XXXXXXXXb 
XXXXXXXXb 
OOOOOOOOb 
OOOOOOOOb 

OOOOOOlOb 
OOOOOOOOb 

OOOOOOOOb 
0011XX00b 
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9.0 PULSE WIDTH MODULATION 
(PWM) OUTPUTS 

The PIC17C42 provides two high speed pulse-width 
modulation outputs on pins RB2/PWM1 and RB3/PWM2. 
Each PWM output has a maximum resolution of 10-bits. 
At 10 bit resolution, the PWM output frequency is 24.4 
KHz (@ 25 MHz clock) and at 8-bit resolution the PWM 
output frequency is 97.7 KHz. 

The user needs to set the PWM10N control bit (bit 4, 
register TCON2) to enable the PWM1 output. Once the 
PWM10N bit= '1', the RB2/PWM1 pin is configured as 
PWM1 output and forced as an output irrespective of the 
data direction bit. If PWM 1 ON= 'O', then the pin behaves 
as a port pin and its direction is controlled by its data 
direction bit (bit2, OORB). Similarly, the PWM20N bit 
controls the configuration of the RB3/PWM2 pin. 

The period of the PWM1 output is determined by timer1 
(TMR1) and its period register (PR1 ). The period of the 
PWM2 output is determined by timer1 if control bit 
TM2PW2 = 'O' (bit 5, register PW20CL) or by timer2 if 
TM2PW2= '1'. 

Thus the PWM periods are: 

tPWM1P =period of PWM1 = [(PR1) + 1] x 4 tosc 

tPWM2P =period of PWM2 = [(PR1) + 1] x 4 tosc 

or [(PR2) + 1] x 4 tosc 

The duty cycle of PWM1 is determined by the 1 Obit value 
OC1 <9:0>. The upper 8 bits are from register PW1 OCH 
(file 12, Bank 3) and the lower 2 bits are in register 
PW1DCL<1 :0> (file 10, Bank 3). The PWM1 high time is 
as follows: 

tPWM1H = PWM1 high time = (OC1) x tosc 

where OC1 represents the 10 bit value from PW1 OCH, 
PW1 OCL concatenated. 

If OC1 = 0, then the duty cycle is zero. If tPWM1H is equal 
to or higher than tPWM1P then the duty cycle is 100%. 

Similarly, PWM2 high time, tPWM2H = (OC2) x tosc. 

The duty cycle registers for both PWM outputs are 
double buffered. When the user writes to these registers 
they are stored in master latches. When TMR1 (or 
TMR2) overflows, and a new PWM period begins the 
master latch values are transferred to the slave latches. 

© 1994 Microchip Technology Inc. 

PIC17C42 

Using external clock for PWM will also cause jitter in the 
'duty cycle' as well as the 'period' of the PWM output. 
This is because external TCLK12 input is synchronized 
internally (sampled once per instruction cycle). There
fore, from the time TCLK12 changes to the time timer 
increments will vary by as much as Tcy (one instruction 
cycle). Therefore, both the high time and the period of 
the PWM output will have a jitter of ±Tcy, unless the 
external clock is in sync with the processor clock. The 
latter is the case when TCLK12 input itself is generated 
by the PIC17C42 (e.g. one PWM output is feedback as 
TCLK12). 

In general therefore, when using external clock refer- .. 
ence for PWM, its frequency should be much smaller 
compared to fosc. 

PWM interrupts: The PWM module makes use of timer1 
or timer2 interrupts. A timer interrupt is generated when 
TMR1 orTMR2 equals its period register and is reset to 
zero. This interrupt also marks the beginning of a PWM 
cycle. The user can write new duty cycle values before 
the next interrupt. The timer1 interrupt is latched into the 
TM1 IR bit (bit4, PIR) and the timer2 interrupt is latched 
into the TM21R bit (bit 5, PIR). These flags need to be 
cleared in software. 

Using External clock: Timer1 or timer2, when used as 
the PWM time base, may be run off external clock only 
if the PWM output is being generated with 8-bit resolu
tion or less. In this case, the PW1 OCL and the PW20CL 
registers must be kept at 'O'. Any other value will distort 
the PWM output. Internal clock can be used for all 
resolutions. The user should also note that the maxi
mum attainable frequency is lower. Since the maximum 
possible external clock input frequency for a timer is 
1/(Tc + 40)ns, (see AC specs) the PWM frequency at 
8-bit resolution can be, at most, 19.53 KHz (@ 25 MHz 
oscclock). 

Timer selection for PWM2: While PWM1 always runs 
based on TMR1, PWM2 can run off timer1 (if bit TM2PW2 
= 0, bit 5, Register PW20CL) ortimer2 (ifTM2PW2 = 1 ). 
Running two different PWM outputs on two different 
timers allow different PWM period. 

Running both PWMs off timer1 allows the best utilization 
of resources. If frees timer2 to operate as an 8-bit timer/ 
counter. Timer1 and timer2 can not be used as a 16-bit 
timer if either PWM is being used. 
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Figure 9.0.1 shows a simplified block diagram of the 
PWM module. The duty cycle register is double buffered 
for a glitch free operation. Figure 10.0.2 shows how a 
glitch could occur if duty cycle registers are nQ1 double 
buffered. 

FIGURE 90.1 • SIMPLIFIED PWM BLOCK 
DIAGRAM 

Operating on duty cycle registers: For PW1 OCH, 
PW1 OCL, PW20CH and PW20CL registers, a write 
operation writes to the "master latches' while a read 
operation reads the 'slave latches'. As a result, the user 
may not read back what was just written to the duty cycle 
registers. 

The user should also avoid any 'read-modify-write' 
operations on these registers, such as: AOOWF 
PW1 OCH, may not work as intended. 

Duty cycle registers 

Notes: 1. 8-bit timer is concatenated with 2-bit internal Q clock time 
to create 10-bit time base. 

2. Timer1 is used in this example. 

9.1 Summary of PWM Registers 

Btillltm: Ngmg Function ~ Re1etVa!yg 

TMR1 Timer/Counter 1 Bank 2, File 1 Oh XXXXXXXXb 
TMR2 Timer/Counter 2 Bank 2, File 11h XXXXXXXXb 
PR1 Period Register 1 Bank 2, File 14h XXXXXXXXb 
PR2 Period Register 2 Bank 2, File 15h XXXXXXXXb 
TCON1 Timer/Capture/PWM Control Register 1 Bank 3, File 16h OOOOOOOOb 
TCON2 Timer/Capture/PWM Control Register 2 Bank 3, File 17h OOOOOOOOb 
PW1DCL PWM1 duty cycle, lower 2 bits Bank 3, File 10h XXOOOOOOb 
PW10CH PWM1 duty cycle, upper 8 bits Bank 3, File 12h XXXXXXXXb 
PW20CL PWM2 duty cycle, lower 2 bits Bank3, File 11h XXOOOOOOb 
PW20CH PWM2 duty cycle, upper 8 bits Bank 3, File 13h XXXXXXXXb 

PIR Peripheral Interrupt Register Bank 1, File 16h OOOOOOlOb 
PIE Peripheral Interrupt Enable Bank 1, File 17h OOOOOOOOb 

INTSTA (bit PEIE) Interrupt Status Register File07h OOOOOOOOb 
CPUSTA (bit GUNTO) CPU Status Register File06h OOllXXOOb 

FIGURE 9.0.2 • PWM OUTPUT 

0 10 20 30 40 0 

I , -------n n_ PWM 
output 

t t t 
Timer Write new Timer interrupt 
interrupt PWMvalue new PWM value 

transferred to slave 

Notes: 1. The dotted line shows PWM output if duty cycle registers are not double buffered. If the new 
duty cycle value is written after the timer has passed that value, then the PWM does not 
reset at all during the current cycle causing a "glitch'. 

2. In this example, PWM period= 50. Old duty cycle value is 30. New duty cycle value is 10. 
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10.0 INSTRUCTION SET Any unused op-code is executed as a NOP. 

The PIC17C42 instruction set consists of 55 instruc
tions, each single word and 16-bit wide. Most instruc
tions operate on a file register f and the working register 
W (accumulator). Depending on the instruction, the 
result may be directed to the file register, or the working 
register (W) or to both. 

The instruction set is highly orthogonal and is grouped 
into 

Data Move Operations 

All instructions are executed in a single instruction cycle 
unless otherwise noted. 

Arithmetic and Logical Operations 

Bit Manipulation Operations 

Program Control Operations 

Special Control Operations 

Data Move Instructions 
Instruction Code Status btts 
Binaiy Hex mnemonic Description Function Affected 

Ollp pppp ffff ffff 6pff MOVFP l,p Move Ito p I ->P None 
1011 1000 kkkk kkkk B8kk MOVLB k Move ltteral to BSA k->BSR None 
OlOp pppp ff ff ff ff 4pff MOVPF p,I Move pto I p->f z 
0000 0001 ff ff ff ff Olff MOVWF I Move Wtol w .... 1 None 
1010 lOti ffff ffff A8ff TABLRD t,i,I Read data from table latch TBLATH-> I if I =1, None 

into file I, then update table TBLATL-> I ii I =O; 
latch with 1 &-btt contents of Prog Mem (TBLPTA)-> TBLAT; 
memory location addressed TBLPTR + 1 -> TBLPTA ff i =1; 
by the table pointer. 

1010 llti ffff ffff AC ff TABLWT t,i,I Write data from file I to table f->TBLATHfft=1, None 
latch and then Write 1 &-bit I ->TBLATL ff t =O; 
table latch to program memoiy TBLAT-> Prog Mem (TBLPTR); 
location addressed by table TBLPTR + 1 -> TBLPTA ff i =1 
pointer. It also intitiates 
programming ii on-chip EPROM 
program memory is addressed. 

1010 OOtx ffff ff ff AO ff TLAD 1,1 Read data from table latch TBLATH-> I ift =1, None 
into file I (table latch unchanged). TBLA TL -> I ift =O 

1010 Oltx ffff ff ff Mff TLWT t,f Write data from file I into I-> TBLATH ff I =1, None 
table latch. 1->TBLATL ff t =O 

Arithmetic and Logical Instructions 
Instruction Code Status btts 
Binaiy Hex mnemonic Description Function Affected 

1011 0001 kkkk kkkk Blkk ADDLW k Add literal to W (W+k) ->W OVCDCZ 
0000 llld ffff ffff OEff ADDWF f,d ADDWto I (W+f) ->d OVC DCZ 
0001 OOOd ffff ffff lOff ADDWFC f,d ADD Wand Carry to f (W+f+C)->d OVC DCZ 
1011 0101 kkkk kkkk B5kk ANDLW k AND ltteral and W (W.AND.k) -> W z 
0000 lOld ffff ffff OAff ANDWF f,d ANDWwtthl (W.AND.f)->d z 
0010 lOOd ff ff ff ff 28ff CLRF l,d Clear I and Clear d "OOh" .... f, "OOh" .... d None 
0001 OOld ff ff ff ff 12ff COMF f,d Complement f f->d z 
0010 llld ffff ff ff 2Eff DAW l,d Dec. adjust W, store in l,d W adjusted -> f and d c 
0000 Olld ffff ff ff 06ff DECF f,d Decrement f (1-1)->d OVCDCZ 
0001 OlOd ffff ffff 14ff INCF l,d Increment! (1+1) ->d OVCDCZ 
1011 0011 kkkk kkkk B3kk IOALW k Inclusive OR literal with W (W.OR.k)->W z 
0000 lOOd ffff ffff OS ff IORWF f,d Inclusive OR W with I (W.OR.1)->d z 
1011 0000 kkkk kkkk BOkk MOVLW k Move ltteral to W k->W None 
0010 llOd ffff ff ff 2Cff NEGW l,d Negate W, store in I and d (W+1l->t,(w+1)->d OVCDCZ 
0001 lOld ffff ff ff lAff ALCF l,d Rotate left through Carry l<n>->d<n+ 1>,1<7>->C, C->d<O> c 
0010 OOld ffff ff ff 22ff RLNCF f,d Rotate left ( no Carry ) f<n>-+ d<n+ 1 >, f<7>-+ d<O> None 
0001 lOOd ffff ff ff 18££ RRCF l,d Rotate right through Carry f<n>->d<n-1>, 1<0>....C, C->d<7> c 
0010 OOOd ffff ff ff 20££ RRNCF l,d Rotate right ( no Carry ) f<n>-+ d<n~1>, f<O>-+ d<7> None 
0010 lOld ffff ff ff 2Aff SETF f,d Set I and Set d •FFh" ->I, "FFh"-> d None 
1011 0010 kkkk kkkk B2kk SUBLW k Subtract W from literal (k-W) ->W OVCDCZ 
0000 OlOd ffff ff ff 04ff SUBWF l,d Subtract W from I (1-W)->d OVCDCZ 
0000 OOld ffff ffff 02ff SUBWFB f,d Subtract W from I wtth borrow (1-W-c)->d OVCDCZ 
0001 llOd ffff ffff lCff SWAPF l,d Swap! 1<0:3> .... d<4:7>, 1<4:7> .... d <0:3> None 
1011 0100 kkkk kkkk B4kk XORLW k Exclusive OR literal with W (W.XOR.k) -> W z 
0000 llOd ffff ffff OCff XORWF l,d Exclusive OR W with I (W.XOA.1)->d z 

Notes 

4 

4 

8,10 

6 

Notes 

3 

3 

1,3 

3 

1 
1 
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p c ro_gram ontrol Instruct ons 
Instruction Code Status btts 
Binary Hex mnemonic Description Function Affected Notes 

l llk kkkk kkkk kkkk Ekkk CALL k Subroutine call PC+1 -+ TOS, k-+ PC<12:0>; None 8 
(within BK page boundary) k<12:8> -+ 13<4:0>, 

PC<15:13> -+13<7:5> 
0011 0001 ff ff ff ff 3lff CPFSEO I Compare l/W skip ff f=W I~ W, skip if I= W None 7 
0011 0010 ff ff ff ff 32££ CPFSGT f Compare f/W skip if f>W f-W, skip ff f>W None 2,7 
0011 0000 ffff ff ff 30££ CPFSLT I Compare l/W skip ff f<W f-W, skip if f<W None 2,7 
0001 Olld ffff ff ff 16££ DECFSZ l,d Decrement I, skip ff O (1-1) -+ d, skip ff result =O None 7 
0010 Olld ffff ff ff 26ff DCFSNZ f,d Decrement I skip ff not 0 (1-1)-+ d, skip ff not O None 7 
11 Ok kkkk kkkk kkkk Ckkk GOTO k Unconditional branch k-+ PC<12:0>, k<12:8>-+ 13<4:0>, None 8 

(within BK page boundery) PC<15:13>-+ 13 <7:5> 
0001 llld ffff ffff lEff INCFSZ l,d Increment I skip ff 0 (I+ 1) -+ d, skip ff result 0 None 7 
0010 OlOd ffff ffff 24££ INFSNZ l,d Increment I skip ff not 0 (1+1)-+ d, skip ff not O None 7 
1011 0111 kkkk kkkk B7kk LCALL k Long Call (PC+ 1) -+ TOS; None 5,8 

(anywhere in 64K range) (13) -+ PCH; k -+ PCL 
0000 0000 0000 0101 0005 RETFIE Return from interrupt 

and enable interrupt 
1011 0110 kkkk kkkk B6kk RETLW k Return llteral to W 

0000 0000 0000 0010 0002 RETURN Return from subroutine 
0011 0011 ff ff ff ff 33ff TSTFSZ I T estf skip ff 0 

Bit Handli'!S_ Instructions 
Instruction Code 
Binary Hex mnemonic Oescription 

1000 lbbb ffff ff ff Sb ff BCF l,b Bit clear I 
1000 Obbb ffff ff ff Sbff BSF l,b Bit set I 
1001 lbbb ffff ff ff 9bff BTFSC l,b Bit test, skip ff clear 
1001 Obbb ffff ffff 9bff BTFSS l,b Bit test, skip ff set 
0011 lbbb ffff ff ff 3bff BTG f,b Bit Toggle I 

s I I ~ca contro Ii nstruct ons 
Instruction Code 
Bina...!}'._ 

0000 0000 

0000 0000 
0000 0000 

Legend: 

p 
b 

k 
x 
d 

c.oc.z.ov 
TO.PD 

GUNTO 

w 
PC 

TBLPTR 

TBLAT 

TBLATL 

TBLATH 

WOT 

Hex mnemonic Desc~on 

0000 0100 0004 CLRWDT Clear Watchdog Timer 

0000 0000 0000 NOP No operation 
0000 0011 0003 SLEEP Enter "sleep" mode 

register file address ( OOh to FFh ) 

peripheral register file address (OOh to 1 Fh) 

bit address with in 8 bit file register 

table pointer control i = O: do not change 
i = 1: increment after instruction execution 
table byte select t = 0: perform operation on lower byte 
I = 1: perform operation on upper byte 
llteral field (constant data) 

don't care 

destination select; d=O store result in W (IOA) 

d=1 store result in file register 'f 
ALU status bits Carry, Digit Carry, Zero, Overflow 

CPU status bits Time-Out and Power-down 

Global Interrupt Disable bit (bit 4, CPUSTA) 

W-register 

Program counter 

Table Pointer (16 bit) 

Table Latch (16 btt) consists of high byte 

(TBLATH) and low byte (TBLATL) 

Table latch low byte 

Table latch high byte 

Watchdog timer 

BSA Bank Select Register 

TOS Top of Stack 

TOS -+ PC (13 unchanged) GLINTD 8 
'O' -+ GLINTD 
k-+ W, TOS-+ PC, None 8 
13 unchanged 
TOS-+ PC (13 unchanged) None 8 
skipffl=O None 7 

Status btts 
Function Affected Notes 

0-+l(b) None 4 
1 -+f(b) None 4 
skip if l(b) = O None 4,7 
skip ff l(b) = 1 None 4,7 
l(b)-+f(b) None 4 

Status bits 
Function Affected Notes 

O-+ '!'{l)T, O -!_WOT prescaler, PD,TO 
1 -+ PD, 1 -+TO 
None None 
Stop oscillator,"power down" PD,TO 
0 -+ l!Y_DT, 0 -±_WOT prescaler, 
1-+TO, 1-+PD 

Notes: 
1) 2's Complement method. 
2) Unsigned arithmetic 
3) If d=1, only the file is affected; If d=O, both W and the file are 

affected; If only Wis required to be affected, then f=OAh (File OAh) 
must be defined. 

4) The HEX representation is not accurate. The value of the bit to be 
modified has to be incorporated into the third digit. 

5) During an LCALL, the contents of file 03h are loaded into the MSB 
of the PC and kkkk kkkk is loaded into file 02h the LSB of the PC. 

6) Multiple cycle instruction for EPROM programming when table 
pointer selects internal EPROM. The instruction is terminated by 
an interrupt event. 
When writing to external program memory, it is a two cycle 
instruction. 

7) Two cycle instructions when condition is true, else single cycle 
instruction. 

8) Two cycle instruction except forTABLRD to I02h (Program Counter 
low byte) in which case it takes 3 cycles. 

9) A 'skip' means that instruction fetched during execution of current 
instruction is not executed. Instead a 'NOP' is executed. 

10) Any instruction that writes to PCL (!02) is a two cycle instruction, 
execpt for TABLRO to I02 is a 3 cycle instruction. 
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FIGURE 10.0.1 - INSTRUCTION DECODE MAP 

OPCODE <11:8> __... 
0 2 3 4 6 7 8 A B c D E F 

SUBWF DECF IOAWF ANDWF XORWF ADDWF • MCMNF SUBWFB "' 0 
~ 

INCF DECFSZ RRCF RLCF SWAPF INCFSZ v ADDWFC COMF w c 
INFSNZ DCFSNZ CLRF SETF NEGW DAW 0 2 RRNCF RLNCF (.) 

0.. 
0 

CPFSLT CPFSEQ CPFSGT TSTFSZ BTG 

MOVPF ' 4 

MOVFP 

BSF BCF 

BTFSS BTFSC 

A lLRD lLWT 

B MOVLW ADDLW SUBLW IORLW XORLW ANDLW RElLW LCALL MOVLB 

c 

D 

E 

F 

0000: NOP 
0001: unused 
0002: RETURN 
0003: SLEEP 
0004: CLRWOT 
0005: RETFIE 
0006: OOFF unused 

- unused opcode (execute as NOP) 

10.1 Special Function Registers as Source/ 
Destination 

PIC17C42's orthogonal instruction set allows read and 
write of all file registers, including special function regis
ters such as PC and status registers. There are some 
special situations the user should be aware of: 

ALUSTA as destination (file 04h): If an instruction writes 
to ALU STA, the Z, C, DC and OV bits may be set or reset 
as a result of the instruction and overwrite the original 
data bits written. For example, executing CLRF 04 will 
clear register 04, and then set Z bit leaving 000001 OOb 
first in the register. 

GOTO 

CALL 

PCL as source or destination (file 02h): Read, write or 
read-modify-write on PCL (f02) have the following re
sults: 

Read PCL (f02): PCH -t PCLATH; PCL -t d 

Write PCL (f02): PCLATH -t PCH; 
8 bit destination value ~ PCL 

Read-Modify-Write: PCL -t ALU operand 
PCLATH -t PCH; 
8 bit result -t PCL 

Where PCH =program counter high byte (not a addres
sable register), PCLATH =Program counter high hold
ing latch (file f03), d = destination, W or f. 

Bit Manipulation 

All bit manipulation instructions are done by first reading 
the entire register, operating on the selected bit and 
writing the result back (read-modify-write). The user 
should keep this in mind when operating on special 
function registers, such as ports. 
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10.2 lnstructjon Description 

ADDLW 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

Add literal to W 

ADDLW k 

i 1011 1 0001 I kkkk I kkkk I 

1 

(W+k)-+W 

OV,C,DC,Z 

Description: The contents of the W register are added 
to the 8-bit literal "k" and the result is 
placed in the W register. 

ADDWF 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

Description: 

ADDWFC 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

ADDWtof 

ADDWF f,d 

I 0000 j 111d I ff ff ff ff 

1 

(W+f)-+d 

OV,C,DC,Z 

Add the contents of the W register to data 
memory location "f". If "d" is O the result 
is stored in the W register. If "d" is 1 the 
result is stored in data memory location 
"f". 

ADD Wand Carrv to f 

ADDWFC f,d 

I 0001 I OOOd I ff ff I ff ff I 

(W +f+ C) -+ d 

OV,C,DC,Z 

Description: Add the W register and the Carry Flag to 
data memory location "f". If "d" is O the 
result is placed in the W register. If "d" is 
1 the result is placed in data memory 
location "f". 

ANDLW AND literal and W 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

ANDLW k 

j 1011 I 0101 1 kkkk I kkkk I 

1 

(W .AND. k) -+ W 

z 
Description: The contents of W register are AND'ed 

with the 8-bit literal "k". The result is 
placed in the W register. 

ANDWF 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

Description: 

BCF 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

ANDWwHhf 

ANDWF f,d 

1 0000 i 101d I ff ff I ff ff I 

1 

(W .AND. f) -+ d 

z 
AND the W register with data memory 
location "f". If "d" is O the result is stored 
in the W register. If "d" is 1 the result is 
stored in data memory location "f". 

Bit Clearf 

BCF f,b 

i 1000 ! 1bbb I ff ff I ff ff 
1 

0 -+ f(b) 

None 

Description: Bit "b" in data memory location "f" is reset 
too. 

BSF 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

Bit Set f 

BSF f,b 

I 1000 I Obbb I ff ff I ff ff 
1 

1 -+ f(b) 

None 

Description: Bit "b" in data memory location "f" is set to 
1. 

BTFSC 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Bit test. skip If clear 

BTFSC f,b 

I 1001 I 1bbb I ff ff I ff ff 
1 

1(2) 

skip if f(b) = o 
Status bits: None 

Description: If bit "b" in data memory location "f" is "O" 
then the next instruction is skipped. 

If bit "b" is "O", the next instruction, 
fetched during the current instruction ex
ecution, is discarded and a NOP is ex
ecuted instead making this a two-cycle 
instruction. 

0$300730-page 60 !Pl!'~~ ll m ll UilS\IF~ C 1994 Microchip Technology Inc. 

2-662 



BTFSS 

Syntax: 

Encoding: 

Words: 

Cycles: 

Bit test. skiD if set 

BTFSS f,b 

I 1001 I Obbb lffff I ffff 
1 

1 (2) 

Operation: skip if f(b) = 1 

Status bits: None 

Description: If bit "b" in data memory location "f" is "1" 
then the next instruction is skipped. 

If bit "b' is 'O', the next instruction, fetched 
during the current instruction execution, 
is discarded and a NOP is executed in
stead making this a two-cycle instruction. 

BTG Bit Toagle f 

Synla1<: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

BTG f,b 

10011 I lbbb I ffff 
1 

1 

f(b) ~ f(b) 

None 

ff ff 

Description: Bit "b" in data memory location "f" is 
inverted. 

CALL Subroutine Call 

Syntax: CALL k 

Encoding: I 111k I kkkk I kkkk kkkk 

Words: 

Cycles: 2 

Operation: PC+ 1 ~ TOS, k ~ PC<12:0>, 
k<12:8> ~ PCLATH<4:0>; 
PC<15:13> ~PCLATH<7:5> 

Status bits: None 

Description: Subroutine call within BK page. First, re
turn address (PC+ 1) is pushed into the 
stack. The thirteen bit value is loaded into 
PC bits <12:0>. Then the upper-eight bits 
of the PC are copied into PCLA TH (f03). 
CALL is a two-cycle instruction. 

PIC17C42 

CLRF Clear f and Clear d 

Syntax: CLRF f,d 

Encoding: I 0010 11ood j ffff ff ff 
Words: 

Cycles: 

Operation: OOh ~ f, OOh ~ d 

Status bits: None 

Description: 

CLRWDT 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

The contents of data memory location "f" 
are set to O. If "d" is O the contents of both 
data memory location "f" and W register 
are set to O. If "d" is 1 the only contents of 
data memory location "f" are set to O. 

Clear Watchdog Timer 

CLRWDT 

I 0000 I 0000 I 0000 j 1000 

1 

OOh ~WOT, 0 ~WOT prescaler, 

1~TO,1 ~PD 

Description: CLRWDT instruction resets the watch
dog timer.It also resets the prescaler of 
the WOT. Status bits TO and PD are set. 

COMF 

Syntax: 

Encoding: 

Words: 

Cycles: 

Complement f 

COMF f,d 

I 0001 I OOld lffff I ffff 
1 

1 

Operation: I ~ d 

Status bits: Z 

Description: The contents of data memory location "f" 
are complemented.If "d" is o the result is 
stored in W. If "d" is 1 the result is stored 
in data memory location "f". 
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CPFSEQ 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

Description: 

CPFSGT 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

Description: 

CPFSLT 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

Description: 

ComD8re f with W. skip if f = W 

CPFSEQ f 

I 0011 I 0001 lffff 1 ffff 
1 

1 (2) 

f • W, skip if f = W 

None 

If the contents of data memory location "f" 
are equal to the contents of the W regis
ter, the next instruction is skipped. 

If f = W then the next instruction, fetched 
during the current instruction execution, 
is discarded and a NOP is executed in
stead making this a two-cycle instruction. 

Compare f with W. skip if f > W 

CPFSGT f 

I 0011 I 0010 1 ffff ffff 
1 

1 (2) 

f-W,skipiff>W (unsigned comparison) 

None 

If the contents of data memory location "f" 
are greater than the contents of the W 
register, the next instruction, is skipped. 
The subtraction is unsigned. 

If f > W then the next instruction, fetched 
during the current instruction execution, 
is discarded. A NOP is executed instead 
making this a two-cycle instruction. 

ComD8re f with W. skip if f< W 

CPFSLT f 

I 0011 I 0000 ff ff 1 ffff 
1 

1 (2) 

f • W, skip if f < W (unsigned) 

None 

If the contents of data memory location "f" 
are less than the contents of the W regis
ter, the next instruction is skipped. The 
subtraction is unsigned. 

If f < W then the next instruction, fetched 
during the current instruction execution, 
is discarded. A NOP is executed instead 
making this a two-cycle instruction. 

DAW 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

Description: 

DECF 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

Description: 
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Decimal Adlust W Register 

DAW f,d 

I 0010 1111d I ff ff I ff ff I 
1 

1 

if [W<3:0> >9] .OR. [DC= 1] 
then W<3:0> + 6 -+ f<3:0>, d<3:0>; 
if [W<7:4> >9] .0R. [C = 1] then 
W<7:4> + 6 -+ f<7:4>, d<7:4>; 

c 
DAW adjusts the eight bit value in the W 
register resulting from the earlier addition 
of two variables (each in packed BCD 
format) and produces a correct packed 
BCD result. If ·er is O the result is placed 
in the W register and data memory loca
tion "f". If •er is 1 the result is placed only 
in data memory location "f". 

The Decimal Adjust Algorithm is as fol
lows: 

.smu lfthelowernibbleofWisgreater 
than nine, or if the DC flag (Digit 
Carry) is set from previous op
erations, then 06h is added to 
w. 

~ If upper nibble is greater than 
nine, or if C flag (Carry) is set 
following Step 1 operation, 60h 
is added to W. 

The Carry flag may be set as a 
result of Step 1 or Step 2 opera
tion. 

Decrement f 

DECF f,d 

I 0000 I Olld I ff ff I ff ff 
1 

(f-1)-+ d 

OV,C, DC,Z 

Decrement data memory location "f". H 
•er is o the result is stored in the W 
register. If "d" is 1 the result is stored in 
data memory location "f". 
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DECFSZ Decrement f. skip if 0 

Syntax: DECFSZ f,d 

Encoding: I 0001 I Olld I ffff I ffff 

Words: 

Cycles: 

Operation: 

Status bits: 

1 

1 (2) 

(f - 1) -+ d; skip if result = o 
None 

Description: The contents of data memory location "f' 
are decremented. If "d" is O the result is 
placed in the W register. If "d" is 1 the 
result is placed in data memory location 
"f'. If the result is 0 the next instruction is 
skipped. 

If the result is 0, the next instruction, 
which is already fetched, is discarded. A 
NOP is executed instead making it a two 
cycle instruction. 

DCFSNZ Decrement f. skip if not 0 

Syntax: DCFSNZ f,d 

Encoding: I 0010 I Olld ffff I ffff 

Words: 1 

Cycles: 1 (2) 

Operation: (f-1)-+ d, skip if not O 

Status bits: None 

Description: The contents of data memory location "f' 
are decremented. If "d" is O the result is 
placed in the W register. If "d" is 1 the 
result is placed in data memory location 
"f'. 

If the result is not 0, the next instruction, 
fetched during the current instruction ex
ecution is discarded. A NOP is executed 
instead making this a two-cycle instruc
tion. 

GOTO Unconditional Branch 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

Description: 

GOTO k 

i uok 1 kkkk 1 kkkk 1 kkkk I 
1 

2 

k -+ PC<12:0>; k<12:8> -+ 13<4:0>, 
PC<15:13>-+ f3<7:5> 

None 

GOTO allows an unconditional branch 
anywhere within an BK page boundary. 
The thirteen bit immediate value is loaded 
into PC bits <12:0>. Then the upper eight 
bits of PC are loaded into PCLA TH (file 3). 
GOTO is always a two-cycle instruction. 

PIC17C42 

INCF Increment f 

Syntax: INCF f,d 
Encoding: .-1 0_0_0_1-ri-0_1_o_d--.-f-f f-f--.l_f_f_f_f__, 

Words: 

Cycles: 

Operation: 

Status bits: 

(f + 1)-+ d 

OV,C, DC,Z 

Description: The contents of data memory location "f' 
are incremented. If "d" is O the result is 
placed in the W register. If "d" is 1 the 
result is place in data memory location "f'. 

INCFSZ Increment f. skip if 0 

Syntax: INCFSZ f,d 

Encoding: I 0001 I llld I ff ff ff ff 

Words: 1 

Cycles: 1 (2) 

Operation: (f+ 1) -+ d, skip if result = 0 

Status bits: None 

Description: The contents of data memory location "f' 
are incremented. If "d" is O the result is 
placed in the W register. 

INFSNZ 

Syntax: 

Encoding: 

Words: 

Cycles: 

If "d" is 1 the result is placed in data 
memory location "f'. If the result is O the 
next instruction is skipped. If the result is 
O the next instruction, fetched during the 
current instruction execution, is discarded. 
A NOP is executed instead making this 
the two-cycle case. 

Increment f. skip if not 0 

INFSNZ f,d 

I 0010 I OlOd ff ff I ffff 

1 

1(2) 

Operation: (f+ 1) -+ d, skip if not o 
Status bits: None 

Description: The contents of data memory location "f' 
are incremented. If "d" is O the result is 
placed in the W register. 

If ·er is 1 the result is placed in data 
memory location "f". If the result is not o 
the next instruction, fetched during the 
current instruction execution, is discarded. 
A NOP is executed instead making this a 
two-cycle instruction. 
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IORLW 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

Inclusive OR literal with W 

IORLW k 

J 1011 I 0011 I kkkk I kkkk I 
1 

rt-/ .OR. k) -+ W 

z 
Description: The contents of the W register are inclu

sively OR'ed with the eight bit literal "k". 
The result is placed in the W register. 

IORWF 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

Description: 

LCALL 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Inclusive OR W with f 

IORWF f,d 

100001 lOOd 

1 

rt-/ .OR. f) -+ d 

z 

ffff I ffff I 

Inclusive OR the W register with data 
memory location "f". If "d" is O the result is 
stored in the W register. If "d" is 1 the 
result is stored in data memory location 
"f". 

Long Call 

LC ALL k 

J 1011 i 0111 kkkk I kkkk I 
1 

2 

PC+1-+TOS; 
k-+ PCL, (PCLATH) -+ PCH 

Status bits: None 

Description: LCALL allows unconditional subroutine 
call to anywhere within the 64k program 
memory space. First, the return address 
(PC+ 1) is pushed onto the stack. A 16-bit 
destination address is then loaded into 
the program counter. The lower 8-bits of 
the destination address is embedded in 
the instruction. The upper 8-bits of PC is 
loaded from PC high holding latch, 
PCLATH. LCALL is a two-cycle instruc
tion. 

Example: MOVLW 
MOVPF 
LCALL 

56h W=56h 
W,PCLATH PCLATH = 56h 
3Ah CALL 563Ah 

MOVFP 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

Description: 

MOVLB 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

Description: 
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Movefto D 

MOVFP f,p 

I Ollp I pppp I ffff I ffff 
1 

1 

f -+ p 

None 

Move data from data memory location "f" 
to data memory location •p•. Location "f" 
can be anywhere in the 256 word data 
space {OOh to FFh) while "p" can be OOh 
to 1Fh. 

Either "p" or "f" can be the W register (a 
useful special situation). 

MOVFP is particularly useful to transfer 
a data memory location to a peripheral 
register (such as the transmit buffer or an 
VO port). Both 'f' and 'p' can be indi
rectly addressed. 

Move Literal to BSR 

MOVLB k 

j 1011 I 1000 kkkk I kkkk I 
1 

k-+BSR 

None 

The constant is loaded in Bank Select 
Register (BSR, OFh). Only the low 4 bits 
of the Bank Select Register are physically 
implemented. 
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MOVLW Move Literal to W 

Syntax: MOVLW k 
Encoding: Jr-1_0_1_1~-0-0_0_0~-k-k_k_k~J-k-kk-k~J 

Words: 1 

Cycles: 

Operation: k-+ W 

Status bits: None 

Description: The eight bit literal "k" is loaded into W 
register. 

MOVPF Move ptof 

Syntax: MOVPF p,f 

Encoding: I OlOp I pppp ffff I ffff 
Words: 

Cycles: 

Operation: p -+ f 

Status bits: Z 

Description: Move data from data memory location "p" 
to data memory location "f'. Location "f' 
can be anywhere in the 256 byte data 
space (OOh to FFh) while "p" can be OOh 
to 1Fh. 

MOVWF 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

Either "p" or "f' can be the W register (an 
useful special situation) 

MOVPF is particularly useful for 
transferring a peripheral register (e.g. 
the timer or an 1/0 port) to a data memory 
location. 

MoveWtof 

MOVWF f 

I 0000 I 0001 

W-+f 

None 

ffff I ffff 

Description: Move data from W register to data memory 
location "f'. Location "f' can be anywhere 
in the 256 word data space. 
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NEGW NegateW 

Syntax: NEGW f,d 

Encoding: I 0010 I llOd I ff ff I ffff 
Words: 

Cycles: 

Operation: 

Status bit: 

W+1-+ f; W+1-+ d 

OV,C,DC,Z 

Description: The contents of the W register are ne-
gated using two's complement. If "d" is O .. 
the result is placed in W register and data 
memory location "f'. If "d" is 1 the result is 
placed only in data memory location "f'. 

NOP No Operation 

Syntax: NOP 
Encoding: ,...I _o_o_o_o...,J_o_o_o_o....,J--o o_o_o....,J,..o_o_o_o-..... 

Words: 1 

Cycles: 

Operation: No operation 

Status bits: None 

Description: No operation 

RETFIE Return from Interrupt 

Syntax: RETFIE 
Encoding:J,... o_o_o_o-....j_o_o 0-0-.....-0-0-0 0---,j,..0_1_0_1-..... 

Words: 1 

Cycles: 2 

Operation: TOS -+ PC, 0 -+ GUNTO; 
PCLATH (f3) is unchanged 

Status bits: GUNTO 

Description: Return from Interrupt. Stack is popped 
and Top of the Stack (TOS) is loaded in 
PC. Interrupts are enabled by clearing 
GUNTO bit. GUNTO is global interrupt 
disable bit (bit 4, register CPUSTA). This 
is a two cycle instruction. 
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RETLW Return Literal to W 

Syntax: RETLW k 
Encoding: j.--1-0-11---.-j-01_1_0---.--kkkk---rj -kkk-k--.j 

Words: 1 

Cycles: 

Operation: 

Status bits: 

Description: 

RETURN 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Description: 

RLCF 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

Description: 

2 

k -+ W; TOS -+ PC; 
PCLATH (f03) is unchanged 

None 

The Wregister is loaded with the eight bit 
literal "k". The program counter Is loaded 
from the top of the stack (the return 
address). The high address latch 
(PCLATH) remains unchanged. This is a 
two-cycle instruction. 

Return from Subroutine 

RETURN 

I 0000 1 0000 0000 I 0010 

2 

TOS -+PC; 
PCLATH (f3) is unchanged 

Return from subroutine. The stack is 
popped and the top of the stack (TOS) is 
loaded into the program counter. This is 
a two-cycle instruction. 

Rotate Left f through Carry 

RLCF f,d 

I 0001 i 101d ffff I ffff 

f<n> -+ d<n+ 1>; f<7> -+ C; C -+ d<O> 

c 
The contents of data memory location "f" 
are rotated one bit to the left through the 
Carry Flag. If "d" is O the result is placed 
in the W register. If "d" is 1 the result is 
stored back in data memory location "f". 

RLNCF 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

Description: 

RRCF 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

Description: 

RRNCF 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

Description: 
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Rotate Left f <no carrv> 

RLNCF f,d 

I 0010 I OOld ffff I ffff 

f<n>-+ d<n+1>; f<7> -+ d<O> 

None 

The contents of data memory location "f" 
are rotated one bit to the left. If "d" is O the 
result is placed in the W register. If "d" is 
1 the result is stored back in data memory 
location "f". 

Rotate Right f through Carry 

RRCF f,d 

I 0001 I 1ood ffff I ffff 

1 

f<n> -+ d<n-1>; f<O> -+ C; C -+ d<7> 

c 
The contents of data memory location "f" 
are rotated one bit to the right through the 
Carry Flag. If "d" is O the result is placed 
in the W register. If "d" is 1 the result is 
placed in data memory location "f". 

Rotate Riaht f Cno carrv> 

RRNCF f,d 

10010 I OOOd ffff I ffff 

f<n> -+ d<n-1>; f<O>-+ d<7> 

None 

The contents of data memory location "f" 
are rotated one bitto the right. If "d"is Otha 
result is placed in the W register. If "d" is 
1 the result is placed in data memory 
location "f". 
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SETF Set f and Set d 

Syntax: SETF f,d 
Encoding: .-I 0_0_1_0---.l_1_0_1_d----.-f-f_f_f..,lr-f-f_f_f---. 

Words: 

Cycles: 

Operation: 

Status bits: 

FFh ~ f, FFh ~ d 

None 

Description: If "d" is O both the data memory location "f" 
and W register are set to FFh. If "d" is 1 
the only the data memory location "f" is 
set to FFh. 

SLEEP 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

Description: 

SUBLW 

SLEEP 

I 0000 I 0000 0000 0011 I 

O~PD; 1 ~TO 
OOh ~ WOT; 0 ~WOT prescaler 

TO,PD 

The power down status bit(PD) is cleared. 
Time-out status bit (TO) is set. Watchdog 
Timer and its prescaler are cleared. 

The processor is put into SLEEP mode 
with the oscillator stopped. See section 
on SLEEP mode for more details. 

Subtract W from literal 

Syntax: SUBLW k 
Encoding:j .--1_0_1_1---.j_o_o_1_0---.-k-k_k_k..,lr-k-k_k_k---. 

Words: 

Cycles: 

Operation: (k - W) ~ W 

Status bits: OV, C, DC, Z 

Description: The contents of the W register are sub
tracted from the 8-bit literal "k". The result 
is placed in the W register. 
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SUBWF Subtract W from f 

Syntax: SUBWF f,d 
Encoding: l,....o-o_o_o___,.l-0_1_o_a---.-f f-f-f----.l_f_f_f_f__, 

Words: 

Cycles: 

Operation: 

Status bits: 

1 

1 

(f-W) ~d 

OV,C, DC,Z 

Description: Subtract (2's complement method) the W 

SUBWFB 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

Description: 

SWAPF 

register from data memory location"f". If 
2 "d" is O the resu It is stored in the W 

register. If "d" is 1 the result is stored back 
in data memory location "f". 

Subtract W from f with Borrow 

SUBWFB f,d 

I 0000 I OOld 

1 

1 

(f-W-C) ~d 

OV, C, DC,Z 

ffff I ffff 

Subtract (2's complement method) the W 
register and the carry flag (borrow) from 
data memory location "f". If "d" is o the 
result is stored in the W register. If "d" is 
1 the result is stored in data memory 
location "f". 

Swapf 

Syntax: SWAPF f,d 
Encoding: ,....I 0_0_0_1___,.! _1_1_o_d----.-f-f f-f----.l_f_f_f_f--. 

Words: 

Cycles: 

Operation: f<0:3> ~ d<4:7>, 1<4:7> ~ d<0:3> 

Status bits: None 

Description: The upper and lower nibbles of data 
memory location "f" are exchanged. If "d" 
is O the result is placed in W register. If "d" 
is 1 the result is place in data memory 
location "f". 
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TABLRD Table Read 

Syntax: TABLRD t,i,f 

Encoding: i 1010 i 1oti ffff I ffff 
Words: 1 

Cycles: 2 (3 cycle If f = 02h [PC]) 

Operation: If t = 1 then TBLA TH ~ f 
else if t = 0 TBLATL ~ f; 
Prog Mem (TBLPTR) ~ TBLAT; 
if I = 1 then TBLPTR + 1 ~ TBLPTR 

Status bits: None 

Description: First, either the low byte (if t = 0) or the 
high byte (if t = 1) of the table latch 
(TBLA T) is moved to register file "r. 

Example: 

Then the contents of the program memory 
location pointed to by the 16-bit Table 
Pointer (TBLPTR) is loaded into the 1-bit 
Table Latch (TBLA T). Finally table pointer 
is incremented if i = 1. 

MOVLW 12h 
MOVPF W, TBLPTRH 
MOVLW 34h 
MOVPF W,TBLPTRL 
TABLRD 0, 1, 50h 

TLRD 0, 50h 
TABLRD 1,1, 51h 

TLRD 
TLRD 

0, 52h 
1,53h 

TBLPTR = 1234h 
TBLAT = Prog Mem 
(1234h) 
TBLPTR = 1235h 
low byte -+ SOh 
high byte-+ 51h 
TBLAT = Prog Mem 
(1235h) 
TB1.PTR = 1236h 
low byte -+ 52h 
high byte -+ 53h 

TABLWT Table write 

Syntax: TABLWT t, i, f 

Encoding: i 1010 I uti I ff ff I ff ff 
Words: 1 

Cycles: 2 (Many if write is to on-chip EPROM 
program memory) 

Operation: if t = O then f ~ TBLATL 
else if t = 1 then f ~ TBLATH; 
TBLAT ~ Prog Mem (TBLPTR); 
if i = 1 then TBLPTR + 1 ~ TBLPTR; 

Description: First, contents of file registerf is loaded in 
the low byte (if t = 0) or high byte (if t = 1 ) 
ofTable Latch, TBLAT. 

If TBLPTR points to external program 
memory location then the contents of 
TBLA T is written to it and the ins1ruction 
takes 2 cycles. 

If TBLPTR points to an internal EPROM 
location, then an EPROM write (program) 
sequence is initiated. It is terminated when 
an interrupt is received. 

If the Global Interrupt Disable bit (GLINTD) 
is set, the interrupt will complete the 
TABLWT, but no interrupt sequence will 
be invoked. If GLINTD = 0, then interrupt 
will be acknowledged following the 
TABLWT. 

For an interrupt to end programming, its 
corresponding mask bit mus1 enable the 
interrupt. If the terminating interrupt is 
INTIR, RTCIR or RTXIR, the flag bit is 
automatically cleared. The clearing takes 
place for both short and long table writes. 
The user can protect against accidental 
clearing of an interrupt flag due to a 
TABLWT ins1ruction by masking off the 
above mentioned interrupts before doing 
table write operations. 

MCLRNPP pin must be at programming 
voltage for successful programming. If 
MCLRNPP = Vee then the programming 
sequence will be executed, but will not be 
successful (although the location may be 
disturbed). 
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Syntax: 

Encoding: 

Words: 

Cycles: 

Table Latch Read 

TLRD t,f 

I 1010 I OOtx I ffff I ffff 
X= don't care 

Operation: if (t = 0) thenTBLATL --t f else if (t = 1) 
then TBLATH --t f 

Status bits: None 

Description: Read data from high byte (t = 1) or low 
byte (t = O) of 16-bit Table Latch into file 
register 'f'. Table Latch is unaffected. 

TLWT 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

This instruction is used in conjunction 
with TABLRD to transfer data from pro
gram memory to data memory. 

Table Latch Write 

TLWT t,f 

I 1010 Oltx ffff I ffff 
x= don't care 

if (t = 0) then f--t TBLA TL else if (t = 1) then 
f--t TBLATH 

Status bits: None 

Description: Data from file register f is written into the 
low byte (t = 0) or thehigh byte(t = 1) of 
the 16-bit Table Latch. 

TSTFSZ 

Syntax: 

Encoding: 

Words: 

Cycles: 

This instruction is used in conjunction 
with TABLWT, to transfer data from data 
memory to program memory. 

Test f, skip if 0 

TSTFSZ 

10011 0011 ffff I ffff 
1 

1 (2) 

Operation: skip if f = o 
Status bits: None 

Description: If the contents of data memory location "f" 
are 0, then the next instruction is skipped. 

If "f" = 0, the next instruction, fetched 
during the current instruction execution, 
is discarded. A NOP is executed instead 
making this a two-cycle instruction. 

XORLW 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

PIC17C42 

Exclusive OR literal with W 

XORLW k 

J1011 Jo100 I kkkkl kkkk 

1 

1 

(W .XOR. k) --t W 

z 
Description: The contents of the W register are XOR'ed 

with the 8-bit literal "k". The result is 
placed in the W register. 

XORWF Exclusive OR W with f 

Syntax: XORWF f,d 
Encoding:J .-o_o_o_o--.j_1_1_o_d--.-f-f_f_f_,j,...t_f_f_f__, 

Words: 

Cycles: 

Operation: 

Status bits: 

Description: 

1 

1 

(W .XOR. f) --t d 

z 
Exclusive OR the contents of the W reg
ister with data memory location "!". If "d" 
is 0, the result is stored in the W register. 
If "d" is 1, the result is stored in data 
memory location "f". 
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11.0 DEVELOPMENT SUPPORT 

11.1 Development Tools 

The PIC16C5X and PIC16CXX microcontrollers are 
supported with a full range of hardware and software 
development tools: 

• PICMASTER™ Real-Time In-Circuit Emulator 
• PRO MATE™ Universal Programmer 
• PICSTAR"fTM Low-Cost Prototype Programmer 
• Assembler 
• Software Simulator 

11.2 PICMASTER™: High Performance 
Universal In-Circuit Emulator 

The PICMASTER Universal In-Circuit Emulator is in
tended to provide the product development engineer 
with a complete microcontroller design tool set for all 
microcontrollers in the PIC16C5X, PIC16CXX and 
PIC17CXX families. 

Interchangeable target probes allow the system to be 
easily reconfigured for emulation of different proces
sors. The universal architecture of the PICMASTER 
allows expansion to support all new PIC16C5X, 
PIC16CXX and PIC17CXX microcontrollers. 

The Emulator System ·is designed to operate on PC 
compatible machines ranging from 80286-A-re class 
ISA-bus systems through the new 80486 EISA-bus 
machines. The development software runs in the 
Microsoft WindowsGO 3.1 environment, allowing the op
erator access to a wide range of supporting software and 
accessories. 

The PICMASTER has been designed as a real-time 
emulation system with advanced features generally 
found on more expensive development tools. The AT 
platform and Windows 3.1 environment was chosen to 
best make these features available to you, the end user. 

The PICMASTER Emulator Universal System consists 
primarily of four major components: 

• Host-Interface Card 

• Emulator Control Pod 
• Target-Specific Emulator Probe 
• PC Host Emulation Control Software 

The Windows 3.1 System is a multitasking operating 
system which will allow the developer to take full advan
tage of the many powerful features and functions of the 
PICMASTER system. 

PICMASTER emulation can operate in one window, 
while a text editor is running in a second window. 

Dynamic Data Exchange (DOE), a feature of Windows 
3.1, will be available in this and future versions of the 
software. ODE allows data to be dynamically transferred 
between two or more Windows programs. With this 
feature, data collected with PICMASTER can be auto
matically transferred to a spreadsheet or database pro
gram for further analysis. 

Under Windows 3.1, two or more PICMASTER emula
tors can run simultaneously on the same PC making 
development of multi-microcontroller systems possible 
(e.g., a system containing a PIC16CXX processor and a 
PIC17CXX processor). 

11.3 PRO MATE™: Universal Programmer 

The PRO MATE Universal Programmer is a production 
quality programmer capable of operating in stand alone 
mode as well as PC-hosted mode. 

The PRO MATE has programmable Voo and VPP sup
plies which allows it to verify programmed memory at 
Voo min and Voo max for maximum reliability. It has an 
LCD display for displaying error messages, keys to enter 
commands and a modular detachable socket assembly 
to support various package types. In stand alone mode 
the PRO MATE can read, verily or program PIC16C5X, 
PIC16CXX and PIC17CXX devices. It can also set fuse 
configuration and code-protect in this mode. Its EE PROM 
memory holds data and parametric information even 
when powered down. It is ideal for low to moderate 
volume production. 

FIGURE 11-1: PICMASTER SYSTEM CONFIGURATION 

Common Interface Card 
PC Compatible Computer 

(AT/ISA Bus) (for Industry Standard Architecture) 

In-Line 
Power Supply 

(Optional) 

Power Switch 

Power Connector 

Aux. 

PC-Interface 

!l().250VAC 

PICMASTER Emulator Pod 
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In PC-hosted mode, the PRO MATE connects to the PC 
via one of the COM (RS232) ports. A PC based user
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and menu
based. Full screen display and editing of data, easy 
selection effuse configuration and part type, easy selec
tion of Voo min, Voo max and VPP levels, load and store 
to and from disk files (intel hex format) are some of the 
features of the software. Essential commands such as 
read, verify, program, blank check can be issued from 
the screen. Additionally, serial programming support is 
possible where each part is programmed with a different 
serial number, sequential or random. 

The PRO MATE has a modular "programming socket 
module". Different socket modules are required for 
different processor types and/or package types. 
PRO MATE supports all PIC16C5X, PIC16CXX and 
PIC17CXX processors. 

11.4 Assembler (MPASM) 
Cross Assembler is a PC hosted symbolic assembler. It 
supports all microcontroller series including the 
PIC16C5X CMOS, PIC16CXX and PIC17CXX families. 

MPASM offers fully featured Macro capabllltles, condi
tional assembly, and several source and listing formats. 
It generates various object code formats to support 
Microchip's development tools as well as third party 
programmers. 

MPASM allows full symbolic debugging from the Micro
chip Universal Emulator System (PICMASTER). 

MPASM has the following features to assist in develop
ing software for specific use applications. 

• Provides translation of Assembler source code to 
object code for all Microchip microcontrollers. 

• Macro Assembly Capability 

• Provides Object, Listing, Symbol and special files 
required for debugging with one of the Microchip 
Emulator systems. 

• Supports Hex (default), Decimal and Octal source 
and listing formats. 

MPASM provides a full feature directive language repre
sented by four basic classes of directives: 

• Data Directives are those that control the allocation 
of memory and provide a way to refer to data items 
symbolically, by meaningful names. 

• Listing Directives control the MPASM listing dis 
play. They allow the specification of titles and sub
titles, page ejects and other listing control. 

• Control Directives permit sections of conditionally 
assembled code. 

• Macro Directives control the execution and data 
allocation within macro body definitions. 

PIC17C42 

11.5 Software Simulator (MPSIM) 

The Software Simulator allows code development in a 
PC host environment. It allows the user to simulate the 
PIC16C5X and PIC16CXX series microcontrollers on 
an instruction level. On any given instruction, the user 
may examine or modify any of the data areas or provide 
external stimulus to any of the pins. The input/output 
radix can be set by the user and the execution can be 
performed in single step, execute until break or in a trace 
mode. Two forms of symbolic debugging are available: 
an internal symbol table for disassembling opcodes and 2 the displaying of source code from a listing file. The 
Software Simulator offers the low cost flexibility to de· 
velop and debug code outside of the laboratory environ-
ment making itan excellent multi-project software devel-
opment tool. 

11.6 Development Systems 

For convenience, the development tools are packaged 
into comprehensive systems as listed in Table 11-1: 

TABLE 11-1: DEVELOPMENT SYSTEM 
PACKAGES 

Item Name System Description 

1. PICMASTER™ PICMASTER In-Circuit Emulator 
System with your choice of Target Probe, 

PRO MATE Programmer, 
Assembler, Software Simulator and 
Samples. 

20.7 Probe Specifications 

The PICMASTER probes currently meet the following 
specifications: 

PROBE 
PICMASTER Devices Maximum Operating 

PROBE Supported Frequency Voltage 

PROBE· 17 PIC17C42 16 MHZ _l 4.5V - 5.5V 
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12.0 ELECTRICAL CHARACTERISTICS 
12.1 Absolute Maximum Ratingst 

Ambient temperature under bias •............•...•..........•.........•.•.......•........•..........•.........•..•........•.•........•....... -55°C to 125°C 
Storage temperature ............•......................•.......•...................•.................•....•........................................ -65°C to 150°C 
Voltage on Voo with respect to Vss .........................•.............................•.........•............................................. OV to +7.5V 
Voltage on MCLR with respect to Vss .............................................................................................................................................................. --0.6V to 12V 
Voltage on RA2 and RA3 with respect to Vss ............................................................................................................................................. --0.6V to 12V 
Voltage on any pin with respect to Vss (except Voo, MCLR, RA2, RA3) ..•.........•....•.......•......•............. --0.6V to Voo +0.6 
Maximum current into Voo pin(s) total •...................•.........•.......................................••...•....................•.........•........ 150mA 
Maximum current out of all Vss pins total •.....•.................................•.........•....•.•...............•.....•..•........................... 150mA 
Maximum current sunk by any 1/0 pin (except RA2, RA3) ...•.•................................................................................ 35mA 
Maximum current sunk by either RA2 or RA3 pins ..•..............•......................•........................................................ 60mA 
Maximum current sourced by any 1/0 pin ..........•....•....•.•..•............•.•.................•................•.....•..............•.............. 20mA 
Input clamp current, l1K (V1<0 or V1>Voo) •...................•..•.•.........•........................................•..................•.....•........ ±20mA 
Output clamp current, loK (VO<O or VO>VDD) ...............•..•..................•.....•....•.............•..................•......•.•............ ±20mA 
Total power dissipation •......••...................••.............•..•...•............•....•.•...•...•..........•.•...•....•..•.•...•..........•..........•.•.•.....•. 1W 

Notes: 1. Total power dissipation should not exceed 1 W for the package. Power dissipation is calculated as follows: 

Pdis = Voo x {loo • L loh} + L {(Voo-Voh) x loh} + L(Vol x lol) 
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12.2 DC CHARACTERISTICS 

0 ratin Conditions: 4.5V SVoo s5.5V, -40°C STA S85°C unless otherwise stated. 
Characteristic Symbol Min Typt Max Unit Conditions 

SUIUlll! imlblgH ilDd summll 
Supply Voltage Voo 4.5 5.0 5.5 v 
Supply Current (note 1) loo 95 uA 

3 6 mA 
6 12 mA 
11 24 mA 
19 38 mA 

Power Down Current (notes 2,3) IPD 20 uA 
20 uA 
5 
5 

Programming voltage VPP 12.5 13.0 13.5 

1012111 iimmg1 11~111 bX1i1c1111 
All inputs except C, D and E Vil1 
ports (Schmitt trigger inputs) Vih1 0.8 Voo 
including OSC1 (EC, RC modes) Vhys1 0.15 Voo* 
Ports C, D and E (TTL input) Vil2 

Vih2 2.0 
OSC1 (XT, LF modes) Vil3 

Vih3 
lngut lea!sag1 !<Ym!Dl 
All pins except MCLR,RA2,RA3 lil1 uA Vss s VPIN SVoo (note 4) 
MCLR pin lil2 uA VssSVMCLRSVoo 
RA2,RA3pin lil3 ±2 uA Vss s VRA2, VRA3S12V 
MCLR pin lil4 10 uA VMCLR = VPP(note 5) 

~ID !<ill:!il!<lfi!DS! 
All pins except MCLR, Voo, Vss pF 
MCLR pF 

Qu11211t J12!t1ge leiiel1 
RA2,RA3 (open collector) 12.0 v (note 6) 

3.0 v lol1= 60 mA, Voo= 5.5V 
2.4 v loh2 = -6 mA, Voo= 4.5V 

0.4 v lol2 = 6 mA, Voo = 4.5V 
2.4 v loh3 = -5 mA, Voo= 4.5V 

0.4 v lol3 = 3 mA, Voo = 4.5V 
All Outputs e 0.9 Voo v loh4=-2mA 
(including C, D 0.1 Voo v lol4=4 mA 
Weak pull-up curre (P rtB) 60 100 250 uA Pull-up active, VPIN = Vss 
RAM retention voltag 1.5* v 

t: Data in 'Typ' column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not tested. 
•· Guaranteed by characterization and not tested. 

••· Guaranteed by Design. 
NOTE 1: SUpply C11Tont la moaaured with PIC17C42 oxocuting coda (~om inlornal 11111 EPROM which is aamo os mlcrooompulor modo) with all port pin• oonlgured ea Input 

and forced I> Voo or Vss. Ex1ornal clock (rail to raiQ io uaad. Tho uoor should nolo tho lolowing: 
a) The code mc:eeuted from 18&1: memory attemplll to exerciae lhe chip to make more reali&lc mee.lt.l'ements of IDO (rather than In r•at). However, depending on 

user's code, the current will Y91Y. 
b) Thou .... noodo to edd tho CUTont consumed Ill' ou~ drlvors driving oxtornal capacitive or rosillvo lood. For capacitlvo loodo, lhi• can bo ollmatod for an 

Individual oulput pin as: (C,Vco) I wharo c, • lolal c:apac:ltivo lood, I• average hquonc:y with which tho p0i IWitchoo. 

Tho curont duo to axlornal capacltanco load ...tlohlng lo moot algnlllcant du1ng oxtomal toeooulon. 

c) Tho curont conoumed bl' tho oocll- circuit noeda to bo oonoldored ao well. Thia wll bo oopocially algnilcant for RC oscil-. whore tho ...,.,,t flrough tho 
extomol pull up roalolor can bo ootimatod ao: Vool(2·R) 

NOTE 2: Sllndbr current Is mooaurod undor Iha following conditlono: Part in SLEEP, MCLR • Vco. OSC1 and OSC2 pln1 driven or loll lloallng (makoa no dllleronco). AH port 
plna configll'ad as input and tiod to Vss or Voo. S1andby ... ront lo not allec:Wd by ooclllalor typo. 

NOTE 9: WOT o11 inploo luooo FWDT1 • FWDTO • 0 wtich conllg .. oo lho WOT as a normal timor thot &huts o11 during SLEEP. WOT on inploo that Iha WOT lo 
oonfig .. ed as a watchdog timor (FWOT1, FWDTOo01, 10or 11)which contiooes to run during SLEEP. 

NOTE4: Withanywoekpul-updilobled. 

NOTES: Whonnotprcvemmlng 
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12.3 AC CHARACTERISTICS 
12.3.1 AC Characteristics: OSC/Reset/System bus 
Operating Conditions: 4.SV SVoo S5.5V, -40°C STA S85°C unless otherwise stated. 

Characteristic s bol Min T t Max Unit Com nts 
ln1n11 'lm:k 11mt gslllator 
f!ulllD,ill 
Oscillator frequency FoscH DC 200 KHz LFoscmode 

Foscxt 0.2 25 MHz XToscmode 
RC mode frequency Foscrc DC 4 MHz RCoscmode 
Recommended limits: R 2 50 Kohm 

c 20 1000 pF 
External clock in frequency Fextck DC 25 MHz EC mode (external clock) 
Instruction cycle time Tcy 4/Fosc ns Fosc = osc/clock-in 

fre uency 
Clock-in (OSC1) high or low time TckHL 15* o external clock input in 

For EC mode. 
Clock-in (OSC1) rise or fall time TckRF 15* 

Reset llmlng 
MCLR pulse width tmcL 100* 
MCLR .J. to AD<15:0> high tmcl2adZ 
impedance 
WOT, QST, PWBI and 
fQBllmlngs 
WDTperiod twdt 5 Prescale= 1 
Power up timer period tPWRT 40 
Oscillator start-up timer tosr 
(OST) period 

ns tosc = oscillator period 

Voo rise time for POR to tvooR ms Time for Voo to rise from 
function properly OV to 4.5V (Note 1) 
Voo start voltage to guarantee VPOR v See section 4.4 for 
power on reset details 
Sit•!lm b111 llmlog11 
Address out valid to ALE .J. ns with 100 pF load on all 
(address setup time) address/data and control 

(ALE,OE,WR) pins. 
ALE .J. to address out invalid ns 
(address hold time) 
AD <15:0> high impedance 10 ns 
toO'E.J. 
OE1' to AD<15:0> d . e~ 0.25 Tcy-15 ns 
Data in valid befo 1' 35 ns 
(data setup tim 
OE1' to data · i~lid toeH2adl 0 ns 
(data hold ti ) 
Data out valid t tadV2wrl 0.25Tcy-40 ns 
(data setup time) 
WR1' to data out invalid twrH2adl 0.25 Tcy** ns 
(data hold time) 
ALE pulse width talH 0.25 Tcy** ns 
OE pulse width toeL 0.5 Tcy-35'"' ns 
WR pulse width twrl 0.25 Tcy** ns 
ALE 1' to ALE 1' (cycle time) talH2alH Tcy** ns 
~llRi!Cltlvg lg11d QD QlllPlll pln1 
OSC2 Cosc2 25 pF (note 2) 
ALE, WR, OE and AD<15:0> CAD 100 pF (note 3) 
All other pins, including 
C, D, E ports 

C10 50 pF (note 3) 

when used as rt 
See footnotes on next page. 
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t: Data in "Typ• column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. 

*· Guaranteed by characterization 
••· Guaranteed by design 

NOTE 1: Voo must start from OV for Power on reset to function properly. Voo rise time can be longer but then extemal 
POR circuitry will be required. 

NOTE 2: In EC and RC oscillator modes when OSC2 pin is outputting CLKOUT, or in XT or LP mode when extemal clock 
is driven into OSC1 pin. 

NOTE 3: All AC specs are valid for these capacitive loadings 

12.3.2 AC Characteristics: Serial Port 

Operating Conditions: 4.5V svoo ss.sv, -4C>°C STA ~5°C unless otherwise stated. 

Characteristic Symbol Min Typt Max 
SYl:!!IQ ~MII (MASIEB & SLA~El 
Clock high to data out valid tckH2dtV 

Clock out rise time and fall time 
(Master Mode) tckrf 

Data out rise time and fall time tdtrf 

SYl:!!IC BC~ (MASIEB & SLAVE) 

Data in valid before tdtV2ckl 15 ns 
CK J. (OT setup time) 

Data in invalid after tckl2dtl ns 
CD J. (OT hold time) 

ted. These parameters are for design guidance only 

Operating Conditions: , -40°C STA ~5°C unless otherwise stated. 

Characteristic Min Typt Max Unit Comments 
CLKOUT t to Po 0.5T cy+20 ns note 1 

trxV2ckH 0.25 Tcy+25 ns 

t: Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. 

NOTE 1: Timings are valid for a maximum of 50pF total capacitive load on the port pins, and CLKOUT pin. 
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12.3.4 AC Characteristics: TMRO & INT 

Operating Conditions: 4.SV SVoo ~.SV, -40°C gA sss0c unless otherwise stated. 

Characteristic 

TMRO in ext clock. Prescale - 1 

TOCK! clock input high time 

TOCK! clock input low time 

IMBQ ia llld !llru:;k 12re!i!lSl!!i! > 1 

TOCK! clock input high time 

TOCK! clock input low time 

TOCKI clock input period 

RAlffilCK! Pia aad 
RAO/INT pin interrupt input 

RA lfrOCKI pin and 
RAO/INT pin input high time 

RA lfrOCK! pin and 
RAO/INT pin input low time 

s bol 

trtHl 

trtl 1 

trtH2 
trtH2 

trtP 

triH 

tril 

Min 

0.5 Tcyi-20** 

0.5 Tcy+20** 

10* 

10* 

25* 

25* 

T t 

Tcy+40** 

N 

Max 

t: Data in "Typ• column is at 5V, 25°C unless otherwise stal~.Jh1sse-eaiam' 
are not tested. 

* Guaranteed by characterization 
Guaranteed by design and characterization 

Unit Comments 

ns 

ns 

ns 

~A S85°C unless otherwise stated. 

Typt Max Unit Comments 

ns 

0.5Tcy+20** ns 

Input high time on tcpH 10* ns 

RBO/CAPl, RB1/CAP2 

Input low time on tcpl 10* ns 

RBO/CAPl, RB1/CAP2 

Input period on 

RBO/CAPl, RB1/CAP2 tcpl 2 Icy** ns where N=eapture prescale 
-N- (1, 4, 16) 
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12.3.6 AC TEST LOAD AND TIMING CONDITIONS 

FIGURE 12.3.6.1 ·INPUT LEVEL CONDITIONS 

Port C, D & E pins: 

~~----.x c Vih=2.4V 

~. -----~, I Vil= 0.4 v 

Data in valid 1 1 
__....., "4--

1 I 

All other inout pins: Data In Invalid 

--v x 'C Vih = 0.9 Voo 

__/\ _______ __. ,-------!(\--- Vil= 0.1 Voo 
, ______ __ 

Data In valid 1 1 
__....., "4--

1 I 

Data In invalid 

FIGURE 12.3.6.2 ·OUTPUT LEVEL CONDITIONS 

,.--------.--l 
VOH=0.7Voo 

Voo/2 

__ 0.25V 

I 4 ~2SY ___ t 
: t .f _ -- !>-~~ v 

~----- =.- 0.25 V I 4 
I I T I 

Va.= 0.3 Voo 

I'--- Data out invalid , ,. • 1,. 
I Output I 

Data out valid 
~ 

I 

hi·impeclence 

J------------x- 0.9Voo 
· 1 - - - - - - - - - - - - 1 1 - 0.1 Voo x'--I I I I 

~ '4- Rise time ---+A '4- Fall time 
I I I I 

FIGURE 12.3.6.3 • LOAD CONDITIONS 

Load condjtion 1 
Voo/2 

Load con<lilion 2 

C 1994 Microchip Technology Inc. 
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Pin TCL 

rzt--i 
Pin TCL 

vss 
RL=464 
CL = 100 pF for C, D, E port outputs when 

used as system bus 

50 pF for all pins except OSC2 but 
Including C, D, E outputs as ports 

25 pF for OSC2 output 
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12.4 TIMING DIAGRAMS 

FIGURE 12.4.1 -TIMING DIAGRAM - EXTERNAL PROGRAM MEMORY READ 

01 02 03 04 01 02 

I I 
OSC1 

I I 
ALE -----~~~~~===r-\:----\alH2alH ----,-----Jr":°'::f<--------l 

I~ talH --r'i I 

OE I I: ~ (-tadZ2oeL lt.-~-----+I-------< 
I I : : i • toel ------i:..,~ .. .__----1...!~· toeH2adD 

AD<15:0> --+-------<~ Addroutlj !---« Datain 1j f, i@< Addrout 

tadV2alL ; • -! ; i tadV2oeHj • -I: j 

I "1" 
VllR I 
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tadV2alL 
tall2adl 
tadZ2oeL 
toeH2adD 
tadV2oeH 
toeH2adl 

talH 
toeL 
talH2alH 

...... ~ ~ ~ ~ 

tall2adl toeH2adl 

=AD <15:0> (address) valid to ALE J.; address setup time 
=ALE J. to AD<15:0> (address) invalid; address hold time 
= AD <15:0> high impedance to OE .J. 
=OE 1' to AD <15:0> driven (address out) 
=AD <15:0> (data) valid to OE i; data setup time 
=OE i to AD <15:0> (data) invalid; data hold time 

= ALE pulse width 
= OE pulse width 
= ALE i to ALE i; bus cycle period 

·1·1 
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FIGURE 12.4.2 - TIMING DIAGRAM - EXTERNAL PROGRAM MEMORY WRITE 

01 02 03 04 01 02 

OE --ti J.-tall2adl I I 
'M'I --+--------. ___ 1,,_l __,_! ____ I~ I 

:•tadV2all.i: I \ !.. I 
1_.,,,.n! __ ~l-,,_,__ _ __,_I _,__· __ m_rL_~l--+l--±-_____ I~~--~ 

A0<15:0> -+-------<m addr out I ~ : i data o~t : ~ ~ addr out 
I : I I l.-.l I 

tadV2alL 

talladl 

tadV2wrL 

twrH2adl 
twrl 

I I tadV2wrL I mrH2adl I 

= AD<15:0> (address) valid to ALE.J,; address setup time 

= ALE.J, to address out invalid; 

= AD <15:0> (data) out valid to WR .J,; data out setup time 

=WR i to ad <15:0> (data) out invalid; data out hold time 
= WR pulse width 

FIGURE 12.4.3 -TIMING DIAGRAM - INTERRUPT TIMING 

1~1m1001~1~1m1001~1~jmjaaj~1~1m1001~1~1m1001~1~1m1aaj~1 
I I I : I I I I 
I I I i I I I I 

AD <15:0> 1 PC+1 

~\ I r' I I\ f\~-~/'\____J 
ALE I I i.< i-mL I ~--~ I 
INT \\\\\\\\\\\'fS!, 'I I I I 

INST (PC-2) INST (PC-1) I INST (PC) I I I INST (NPC) 
Executed here I Executed here I Executed here I I I Executed here I 

Internal Slgn~ls I I I I I I 

PC ( ~1 x PC * PC+1 *~-PC+-1 ~*~-""'-~* NPC+1 ) 
I I I I I 

I Vector-Bus I I v-~~--11 ________ __,11 
VTB I I I I 

VTPC 
~l_v_ec_ro_r-+ __ PC_l ____ ~l ____ ~I -~I I \~-~---~I 

I I 
I I Must be set 

Global -+------+-----+-----1-------11', ___ ~---.Lj~rl by software 
Enable bit '\_ ~ 

I I 
I I 
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FIGURE 12.4.4 - RESET TIMING 

Processor held in 

:· 01 .. 102103104: 01102103104: 01102103104: 0111 • 01 .. 1,02103 
I : tmcl . 

i ~~'--~~ AD <15:0> 

ALE 

OE +-------~ I I I~-----~ 

I I 
I I 

Reset Fetch Fetch Fetch Reset 
INST (OOOOh) I INST (0001 h) I INST (0002h) 

Fetch 
INST (OOOOh) 

I I 
I Execute I Execute 
I INST (OOOOh) I INST (0001 h) 

I I 

FIGURE 12.4.5 -TABLRD TIMING 

AD <15:0> 

Instruction 
fetched 

Instruction 
executed 
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ALE 

OE 

; 01 I 021 031 04; 01 I 021 031 04; 01 I 021 031 04; 01 I 021 031 04; 

I I I I I 

TABLRD NOP 1 NOP2 

INST (PC-1) I TABLRD cycle 11 TABLRD cycle 21 NOP1 

I I Data read cycle I 
I I I 

!Pin~~~ m ~liil~IT'3f @1994 Microchip Technology Inc. 
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FIGURE 12.4.6 -TABLRD TIMING (CONSECUTIVE TABLRD INSTRUCTIONS) 

AD <15:0> 

Instruction 
fetched 

Instruction 
executed 

ALE 

OE 

; a1 I a21 a31 a4; a1 I a21 a31 a4; a1 I a21 a31 a4; a1 I a21 a31 a4; a1 I a21 a31 a4; a1 I a2f a31 a4; 

I I I I I I I 

TABLRD 1 TABLRD2 NOP 1 NOP2 

INST (PC-1) I TABLRD1 cycle1 I TABLRD1 cycle2i TABLRD2 cycle1 I TABLRD2 cycle2i NOP1 

I I Data read cycle I I Data read cycle I 
I I I I I 

FIGURE 12.4.7 -TABLWT TIMING 

; 01I02103104; 01 I 021 031 04; 01 I 021 031 04; 01 I 021 031 a4; 
I I I I I 

AD<15:0>~ 

Instruction I TABLWT I NOP 1 NOP 2 I 
fetched I I I 

Instruction I INST (PC-1) I TABLWT cycle 1 I TABLWT cycle 21 NOP 1 I 
executed I I 

I Data write cycle I I 
I I \ ! I\ ! 

ALE '---r-' '----1 

OE 

·1· 

© 1994 Microchip Technology Inc. !PIJ'<eJ~ijlITfi)ijlfi)~IJ'~ 
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FIGURE 12.4.8 • TABLWT TIMING (CONSECUTIVE TABLWT !NSTRUCTIONS) 

; 01 I 021 001 04; 01 I 021 001 04; 01 I 021 001 04; 01 I 021 001 04; 01 I 021 °31 04; 01 I 021 001 04; 
I I I I I I I 

AD<15:0> 

Instruction 
fetched 

Instruction 
executed 

ALE 

OE 

TABLWT1 TABLWT2 NOP1 NOP2 

INST (PCM) ITABLWT1 cycle1ITABLWT1 cycle2ITABLWT2 cycle1 ITABLWT2 cycle21 

I I Data write cycle I I Data write cycle I 
I I I I I 

FIGURE 12.4.9 ·SLEEP/WAKE-UP THROUGH INT (LF, XT MODES) 

OSC2 

OSC1 

QI 

Q2 

AD<IS.11> 

INT 

- 1. LFarXT-moda1188U11111d. 

NOP1 

2. INT 1ntenup1II88SUl1l8d to be enable (INT!le-1) and~ lntenupl -18 88SUl1l8d to be 881 (GLINTD=1). Honco. prognon does nol - to inlarrupl -_.........,_ 
3. """'1•tlrMfll' ___ to_ •-acceotalllebv1ha-atart-<JPllmer. 10ST·--llall-<JP-ti......t-· 1024"""'. 
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FIGURE 12.4.10 - SLEEP/WAKE-UP THROUGH INT (RC MODE) 

OSC1~ 

01 

02 

AD<15:0> 

Instruction 
Fetched 

Instruction 
Executed 

ALE 

INT 

PC+t 

SLEEP INST(PC+1) 

INST(PC·1) SLEEP 

Notes: 1. RC oscillator mode assumed. 

OSC1 at Hl-Z, held at logic '1' by extemal puH-up resistor 

RestartOSC 
(Wake-up through 
INT interrupt) 

PIC17C42 

INST (PC+2) INST (PC+3) 

INST(PC+1) INST(PC+2) 

2. INT interrupt is assumed to be enable (INTOE=1) and global interrupt clsabte is assumed to be set (GLINTD=1). Hence, program does not branch to interrupt vector 
after wake-up. 

3. tosc1"' time for oscHlation amplitude to reach a level acceptable by the oscillator start-up timer. tosT = oscillator start-up timer tim&-OUt delay= 1024 tosc. 

FIGURE 12.4.11 - SYNCHRONOUS TRANSMISSION (MASTER/SLAVE) 

RAS/TX/CK 
· pin -------': 

~~tckrf 
~-----------------..: RA4/RX/DT 

pin ------+-~ ~------------------': :------------

~ !4--- tckH2dtv tdtrf ---! ~ 

FIGURE 12.4.12- SYNCHRONOUS RECEIVE (MASTER/SLAVE) 

RAS/TX/CK 
pin 

RA4/RX/DT 
pin 

; tdtV2ckL ; :- ..-: 

----- tckl2dtl -----t~ 

FIGURE 12.4.13-110 PORT INPUT/OUTPUT TIMING (PORTA, PORTB) 

101ja2jo3j04101jo2jo3j041 
I I I 

OSC2/CLKOUT~ 
I ! .J.! !-trxVckH 

WR_TO_PORT I i 11\ i . I 
(intemal) ~: t I 

! !.' IC •~~knH,2,nl~Vv : i, /\ , 
RD_PORT --r-----;----+- '----I 
(intemal) I ; I ! I 

Port output I I ){ I 
I 

tckH2rxV = CLKOUT i to port data out valid 

trxV2ckH = Port data in valid before CLKOUT i 

© 1994 Microchip Technology Inc. IPir®~~m~ll'il©llrY' 
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13.0 PACKAGING INFORMATION 
See Section 11 of the Data Book. 
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CONNECTING TO MICROCHIP BBS 
Connect world wide to the Microchip BBS using the 
Compuserve communications network. In most cases 
a local call is your only expense. The Microchip BBS 
connection does not use Compuserve membership 
services, therefore you do not need Compuserve 
membership to join Mlcrochlp's BBS. 
The procedure to connect will vary slightly from 
country to country. Please check with your local 
Compuserve agent for details if you have a problem. 
Compuserve services allows multiple users at baud 
rates up to 9600. 

To connect: 

1. Set your modem to 8-bit, No parity, and One stop 
(8N1 ). This is not the normal Compuserve setting 
which is 7E1. 

2. Dial your local Compuserve phone number. 

3. Depress <ENTER> and a garbage string will 
appear because Compuserve is expecting a 7E1 
setting. 

4. Type + <ENTER> and Host Name: will appear. 

5. Type MCHIPBBS<ENTER> and you will be 
connected to the Microchip BBS. 

In the United States, to find Compuserve's phone 
number closest to you, set your modem to 7E1 and 
dial (800) 848-4480 for 300-2400 baud or (800) 331-
7166 for 9600 baud connection. After the system 
responds with Host Name:, type 

NETWORK<ENTER> and follow Compuserve's 
directions. 

For voice information (or calling from overseas), you 
may call (614) 457-1550 for your local Compuserve 
number. 

PIC17C42 

Trademarks: 
PIC is a registered trademark of Microchip Technology 
Incorporated in the United States. 
The Microchip logo and name are trademarks of Microchip 
Technology Incorporated. 
PICMASTER, PRO MATE and PICSTART are trademarks 
of Microchip Technology Incorporated. 
IBM PC and AT are registered trademarks of IBM 
Corporation. 
MS-DOS and Microsoft Windows are registered trade
marks of Microsoft Corporation. 

CompuServe is a registered trademark of CompuServe 
Inc. 
All other trademarks mentioned herein are the property of 
their respective companies. 
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P!C17C42 Product Identification System 

To order or to obtain infonnation, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 

PART NUMBERS 
PART NO • !XXJX XXX y .. ._, 

PACKAGE: 

J TEMPERATURE 
~-------! I RANGE: 

j SPEED: 
~----<l 

'------------l1 DEVICE: 

Sales and Support 

3-Digit Pattem code for QTP 
(blank for OTP and windowed 
parts) 

P= PDIP 
JW = Cerdip window 

L= PLCC 
PQ = MQFP (Metric PQFP) 

Blank = O"C to + 10°c 
1 = -40°C to + asoe 

16=16MHz 
25=25MHZ 

PIC17C42 

Products supported by a prellmlnary Data Sheet may possibly have an errata sheet describing minor operational differences and 
recommended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 
1. Your local Microchip sales office (see below) 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Mlcrochlp's Bulletin Board, via your local Compuserve number. 

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using. 

For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755·2345 or 1-602-786-7302. 
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PIC16C84 
PIC17CXX 
SQTP 
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MICROCHIP PIC16C5X 
PIC16CSX EPROM Memory Programming Specification 

1.0 INTRODUCTION 

1.1 Overview 

The PIC16C5X Series is a family of single-chip CMOS 
microcontrollers with on-chip EPROM for program stor
age. 

Due to the special architecture of these microcontrollers 
(12-bit wide instruction word) and the low pin counts 
(starting at 18 pins), the EPROM programming method
ology is different from that of standard (byte-wide) 
EPROMs (e.g., 27C256, etc.) or other EPROM-based 
microcontrollers. 

The PIC 16C5X Series can be programmed by applying 
the 12-bit wide data word to the 12 available 1/0 pins 
while the address is generated by the on-chip Program 
Counter. The MCLR pin provides the programming 
supply voltage (VPP) and serves also as a general test 
mode enable pin. Programming/verify chip enable is 
controlled by the RTCC pin while the OSC1 pin controls 
the Program Counter. 

This document describes all the programming details of 
the PIC16C5X Series and the requirements for pro
gramming equipment to be used from programming 
prototypes in the engineering lab up to high volume 
programming on the factory floor. 

FIGURE 1.1.1 - PIN CONFIGURATIONS 

PDIP,SOIC, 
CERDIP Window 

-RA2 •1 18 RA1-
-RA3 2 17 RAO-

--RTCC 3 l! l! l! 16 OSC1/CLKIN ----MCLRNPP 4 ggg1s OSC2/CLKOUT --
--vss 5 QI QI QI 14 voo-

-ABO 6 tltl£l13 RB7-
-RB1 7 CD en ,. 12 RB6-
-RB2 8 > 11 RBS-
-RB3 9 10 RB4-

PDIP,SOIC, 
CERDIP Window 

--RTCC •1 28 MCLfWPP ---voo 2 27 OSC1/CLKIN .... 
N/C 3 28 OSC2/CLKOUT --

-- Vss 4 25 RC7-
N/C 5 

~~ 
24 RCS-

-RAO 6 23 RCS-
-RA1 7 ...... 22 RC4-QI QI 
-RA2 8 

8~ 
21 RC3-

-RA3 9 20 RC2-
-ABO 10 19 RC1-
-RB1 11 18 RCO-
-RB2 12 17 RB7-
-RB3 13 16 RB6-
-RB4 14 15 RBS-

TABLE 1.1.2- PIN DESCRIPTIONS (DURING PROGRAMMING): PIC16C54156, PIC16C55/57 

During Programming 

Pin Name Pin Name Pin Type Pin Description 

RTCC PROGNER I Program pulse input/verify pulse input 

RAO-RA3 DO·D3 VO Data input/output 

RBO·RB7 04. D11 VO Data input/output 

OSC1 INCPC I Increment Program Counter input 

MCLR VPP p Programming power 

Yoo Yoo p Power supply 

Vss Vss p Ground 

Legend: I = Input, 0 =Output, P = Power 

C 1994 Microchip Technology Incorporated DS30190B-page 1 
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2.0 PROGRAMNERIFY MODES 

The PIC16C5XSeries uses the internal Program Counter 
(PC) to generate the EPROM address. VPP is supplied 
through the MCLR pin. 

The RTCC pin acts as chip enable, alternating between 
programming and verifying. 

The OSC1 pin is used for verifying and incrementing the 
PC. 

Data is applied to, or can be read on PORTA and PORTS 
(MSB on RS7, LSS on RAO). 

The programming/verify mode is entered by raising the 
level on the MCLR pin from VIL to VHH (= VPP) while the 
RTCC pin is held at VIH and the OSC1 pin is held at VIL. 

The Program Counter has now the value "FFFh', be
cause MCLR was at VIL before. This condition selects 
the configuration EPROM as the very first EPROM 
location to be accessed after entering the program/verify 
mode. 

Since the MCLR pin was initially at VIL, the device is in 
the reset state (the 1/0 pins are in the reset state). 

Incrementing the PC once (by pulsing the OSC1 pin) 
selects location "OOOh" of the regular program memory. 
Afterwards all other memory locations from 001 h through 
1 FFh can be addressed by incrementing the PC . 

If the Program Counter has reached the last address of 
the normal memory area (e.g. "1 FFh" for the PIC16C54/ 
55), and is incremented again, the on-chip TEST EPROM 
will be addressed. (See Figure 2.3.2to determine where 
the TEST EPROM is located for the various PIC16C5X 
devices). 

2-1 ProgramNerify without PC Increment 

After entering the program/verify mode, pulsing the 
RTCC pin LOW programs the data present on PORTA 
and PORTS into the memory location selected by the 
Program Counter. The duration of the RTCC LOW time 
determines the length of the programming pulse. 

Pulsing the RTCC pin LOW again without changing the 
signals on MCLR and OSC1 puts the contents of the 
selected memory location out on Port A and Port S for 
verification of a successful programming cycle. This 
verification pulse on RTCC can be much shorter than the 
programming pulse. If the programming was not suc
cessful, RTCC can be pulsed LOW again to apply 
another programming pulse, followed again by a shorter 
RTCC LOW pulse for another verification cycle. 

This sequence can be repeated as many times as 
required until the programming Is successful. 

DS30190C-page 2 
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2-2 Verify wjth pc Increment 

If a verification cycle shows that programming was 
successful, the Program Counter can be incremented by 
keeping the RTCC input at a HIGH level while pulsing 
the OSC1 input HIGH. When both, RTCC and OSC1, 
are HIGH, the contents of the selected memory location 
is put out on Ports A and B (=Verify). The falling edge 
of OSC1 will increment the Program Counter. 

A fast VERIFY- ONLY with automatic increment of the 
PC can be performed by entering the program/verify 
mode as described above and then clocking the OSC1 
input. If OSC1 is HIGH, the selected memory location is 
output on Ports A and B, while the falling edge of OSC1 
will increment the Program Counter. Thus, the first 
memory location to be verified after entering the pro
gram/verify mode, is the configuration EPROM. The 
next location is OOOh followed by 001h and so on. The 
program memory location "N" can be reached by gener
ating "N + 1" falling edges on OSC1. When OSC1 is 
brought HIGH again, the contents of address "N" are 
output on Ports A and B as long as OSC1 stays HIGH. 

2.3 Programming/Verifying 
Configuration Fuse 

The configuration word, logically mapped at program 
memory location 'FFFh', is physically separate from the 
user and TEST EPROM. The PC points to the configu
ration word after MCCR pin goes from LOW to VHH 
(HIGH). The configuration word can be programmed or 
verified using the techniques described in Sections 2.1 
and 2.2. 

If PC is incremented, the next location it will point to is 
'OOOh' in user memory. Incrementing PC 4096times will 
not allow the user to point to the configuration word. The 
only way to point to it again is to reset and re-enter 
program test mode. 

2.4 Programming Method 

The programming technique is described in the follow
ing section. It is designed to guarantee good program
ming margins. It does, however, require a variable 
power supply for Vee. 

~ PROGRAMMING METHOD OETAILS 

Essentially, this technique includes the following steps: 

Step 1: Perform blank check at Voo = Voo min. Report 
failure as an erase problem. The device may 
not be properly erased. 

Step 2: Program location with pulses (100 µs typically) 
and verify after each pulse at Voo = VooP: 
where VDDP = Voo range required during pro
gramming (4.5 V - 5.5 V). 

A. Programming condition: 

VPP = 13.0 V to 13.25 V 

Voo = VDDP = 4.5 v to 5.5 v 
VPP must be~ Voo + 7.5 V to keep 'pro
gramming mode' active. 

C 1.994 Microchip Technology Incorporated 
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B. Verify condition: 

Voo = VDDP = 4.5 v to 5.5 v 
VPP ~ Voo + 7.5 v 
If location fails to program after "N' pulses, 
(suggested maximum program pulses of 
25) then report error as a programming 
failure. 

Step 3: Once location passes 'Step 2', apply 3X 
overprogramming, i.e., apply three times the 
number of pulses that were required to pro
gram the location. This will guarantee a solid 
margin. The overprogramming should be made 
"software programmable' for easy updates. 

Step 4: Program all locations. 

Step 5: Verify all locations (using speed verify mode) at 
Voo = Voo min. 

Step 6: Verify all locations at Voo = Voo max. 

Voo min. is the minimum operating voltage 
spec. for the part. Voo max. is the maximum 
operating voltage spec. for the part. 

2.4.2 SYSTEM REQUIREMENTS 

Clearly to implement this technique, the most stringent 
requirements will be that of the power supplies: 

VPP: VPP can bea fixed 13.0 Vto 13.25 V supply. It 
must not exceed 14.0 V to avoid damage to the 
pin and should be current limited to approxi
mately 30 mA. To avoid latchup on the 
MCLRNPP pin, the VPP power supply must 
have 50 Q to 100 Q impedance. If not, an 
external resistance is recommended. 

Voo: 2.0 V to 6.5 V with 0.25 V granularity. Since this 
method calls for verification at different Voo 
values, a programmable Voo power supply is 
needed. 

Current Requirement: 40 mA maximum 

Microchip may release PIC16CXXs in the fu
ture with different Voo ranges which make it 
necessary to have a programmable Voo. 

It is important to verify an EPROM at the voltages 
specified in this method to remain consistent with 
Microchip's test screening. For example, a PIC16C5X 
specified for 4.5 V to 5.5 V should be tested for proper 
programming from 4.5 V to 5.5 V. Any programmer not 
meeting the programmable Voo requirement and the 
verify at Voo max and Voo min requirement may only 
be classified as "prototype" or "development" pro
grammer but not a production programmer. 

© 1994 Microchip Technology Incorporated 

2.4.3 SOFlWARE REQUIREMENTS 

Certain parameters should be programmable (and there
fore easily modified) for easy upgrade. 

A. Pulse width, current value 1 OOµs. 

B. Maximum number of pulses, current limit 25. 

C. Number of over-programming pulses: should be= 
(A• N) + B, where N = number of pulses required 
in regular programming. In our current algorithm A 
= 3, B = 0. 

2.5 Programming Pulse Width 

Normal EPROM Cells 

When programming one word of EPROM (program 
memory and TEST EPROM) a programming pulse width 
(TPW) of 100 microseconds is recommended. 

The maximum number of programming attempts can be 
limited to 25 per word. 

After the first successful verify, the same location should 
be over-programmed with 3X over-programming. 

Configuration Fuses 

The configuration fuses for oscillator selection, WDT 
(watchdog timer) disable and code protection, require a 
programming pulse width (TPWF) of 10 milliseconds. A 
series of 1 OOµs pulses is preferred over a single 10 ms 
pulse. 

2.6 Special Memory Locations 

On top of the normal EPROM section for program 
storage is a special EPROM area available, called the 
TEST EPROM. Depending on the PIC16C5X device 
type, this TEST EPROM can be of different size and 
located at different start locations. Please refer to Figure 
2.3.2 for information about the TEST EPROM start 
address for a particular device. 

For the PIC16C54/55, the TEST EPROM consists of 64 
extra words (12-bit wide) which reside on top of the 512 
word program memory, starting at address location 
200h and ending at location 23Fh. 

For the PIC16C56, the TEST EPROM is 64 words as 
well, starting at location 400h to 43Fh. 

For the PIC16C57/C58A, the 64 TEST EPROM loca
tions are between addresses 800h and 83Fh. 

The TEST EPROM is only enabled ii the device is in a 
test or programming/verify mode. Thus, in normal op
eration mode only the memory location OOOh to NNNh 
will be accessed and the Program Counter will just roll 
over from address NNNh to OOOh when incremented. 

DS30190B-page 3 
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FIGURE 2.3.1 · • PROGRAMMING METHOD 

Increment PC to Point to 
Next Location, N = O 

DS30190C-page 4 

Start 

Blank Check @ 
Voo =Voo min 

Program 1 Location @ 
VPP = 13.0 V to 13.25 V 

Voo =VOOP 

No 

Apply 3N Additional 
Program Pulses 

No 

Verify All Locations @ 
Voo =Voo min 

No 

Verify All Locations @ 
Voo =VOO max 

No 

Done 

3-4 

No 

Report Erase Failure, 
Continue Programming 

at user's option 

N=N+1 
(N = # of Program Pulses) 

Report Verify Failure 
@VOO min 

Report Verify Failure 
@Voo max 

C 1994 Microchip Technology Incorporated 



PIC16CSX Programming Specification 

FIGURE 2.6.2 • PIC16C5X SERIES PROGRAM MEMORY MAP IN PROGRAMNERIFY MODE 

Address 11 
Bit Number 

0 
(Hex) 000 c=:J 

User Program 
Memory (NNN + 1) 

NNN 

TTT 0 
TTT+ 1 0 

TTT+2 0 

TTT+3 0 

TTT + 3F 

(FFF) 0 

x 12 Bit 

0 100 
0 101 
0 102 

0 103 

0 

Test EPROM for Customer 
Use (4 x 4 Bit Usable) 

Test EPROM for 
Factory Use 

Configuration EPROM (4 Bit) 

NNN Highest normal EPROM memory address. NNN = 1 FF for PIC16C54, 55. 
NNN = 3FF for PIC16C56 and ?FF for PIC16C57. 

TTT Start address of TEST EPROM 

The configuration EPROM can only be accessed 
immediately after MCLR going from VIL to VHH. The 
Program Counter will besettoall"1s" upon MCLR= VIL. 
Thus, it has the value "FFFh" when accessing the 
configuration EPROM. Incrementing the Program 
Counter once by pulsing OSC1 causes the Program 
Counter to roll over to all "Os". Incrementing the Program 
Counter 4K times after reset (MCLR = VIL) does not 
allow access to the configuration EPROM. 

2.6.1 CUSTOMER ID CODE LOCATIONS 

Per definition, the first four words of the TEST EPROM 
(address TTT to TTI + 3) are reserved for customer 
use. Although all words in the TEST E PROM are 12-bits 
wide, it is recommended that the customer uses only the 
four lower order bits (bits O through 3) of each word and 
fills the eight higher order bits with "Os". This guarantees 
that these locations can be read correctly even when the 
code protection logic is activated (see Section 2.6 for 
details). 

FIGURE 2.6.2.1 ·CONFIGURATION FUSE BIT MAP 

2.6.2 CONFIGURATION FUSES 

The configuration word is the very first memory location 
which is accessed after entering the programNerify 
mode of the PIC 16C5X. It contains the two fuses for the 
selection of the oscillator type, the watchdog timer 
enable fuse, and the code protection fuse. All other bits 
(4 through 11) are read as "1s" during a verify if the code 
protection fuse is not blown. If the code protection logic 
is activated, all bits 4 through 11 of the configuration 
EPROM are read as "Os" (see Section 3.4 for details). 

Bit Number: 11 10 9 8 7 6 5 4 3 2 1 0 

I x I x I x x x x x x I CP I WDTE I OT1 I OTO I 
RB7 RB6 RBS RB4 RB3 RB2 RB 1 RBO RA3 RA2 RA 1 RAO 

Note: 1/0 port assignment for programming and testing (the bits marked "X" are read as "1s" if CP = 1 and are 
read as "Os" if CP = 0). 
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FIGURE 2.6.2.2 - FUSE BITS FUNCTIONALITY 

RA3 RA2 RA1 RAO 
CP WDTE OT1 OT2 Function Remarks 

1 x x x Memory Unprotected Default 

0 x x x Memory Protected Note 

x 1 x x Watchdog Timer Enabled Default 

x 0 x x Watchdog Timer Disabled Note 

x x 1 1 RC Oscillator Default 

x x 1 0 HS • High Speed Crystal 

x x 0 1 XT • Standard Crystal 

x x 0 0 LP - Low Frequency Crystal 

Legend: 1 

0 
Erased (apply HIGH Level to 110 pin during program). 
Written (blown) (apply LOW Level to 110 pin during program). 

X Don't care. 

One-Time-Programmable (OTP) devices may have the 
oscillator fuses "OTO" and "OT1" set by the factory and 
are tested accordingly. The packages are marked 
"PIC16C5XHS", "PIC16C5XXT", 'PIC16C5XLP', or 
"PIC16C5XRC". Therefore, it is essential thatthe inputs 
RAO and RA1 are held at "1s" when programming the 
"WDTE" and/or the "CP" bit of the configuration EPROM. 
Otherwise, the factory tested and selected oscillator 
configuration could be overwritten and the functionality 
of the device is not guaranteed any more. 

2. 7 Code Protection 

The program code written into the EPROM can be 
protected by blowing the code protection fuse (bit "CP" 
in the configuration EPROM). If the code protection logic 
is activated, the contents of the program EPROM cannot 
be read out in a way that the program code can be 
reconstructed. A location when read out will read as: 
0000 0000 xxxx where xxxx is the XOR of the three 
nibbles. In addition, all memory locations starting at 
040h and above are protected against programming. It 
is still possible to program locations OOOh through 03Fh, 
the TEST EPROM (ID locations), and the configuration 
fuses. However, performing a verify (see Section 3.1) 
with activated code protection logic puts a 4-bit wide 
"checksum" out on PORTA while the 8-bits of PORTS 
are read as "Os". This "checksum" is computed in the 
following way: 

The four high order bits of an instruction word are "XOR
ed" with the four middle and the four low order bits, and 
the result is transferred to PORTA. All memory locations 
including the configuration and TEST EPROM are af
fected (see Notes 1 and 2). 

This data scrambling scheme makes it impossible to 
reconstruct the program stored in the EPROM. How
ever, a verify generates an unique sequence of 
"checksums" on PORTA which allows a program iden
tification for the authorized user. 
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The upper-eight bits of the configuration EPROM are 
read as "Os" if the code protection bit is blown. Thus, the 
"checksum" will be identical to actual settings of the four 
configuration EPROM fuses. 

A user may wantto store an identification code (ID) in the 
TEST EPROM and still to be able to read this code after 
the code protection bit was blown. This is possible if the 
ID code is only four bits long per memory location, is 
located on a nibble boundary of the 12-bit word, and the 
remaining eight bits are all "Os". 

Example: The Customer ID code "D1 E2h" should be 
stored in the TEST EPROM locations 200-203 like this: 

200: 0000 0000 1101 

201: 0000 0000 0001 
202: 0000 0000 1110 

203: 000000000010 

Reading these four memory locations with the code 
protection bit blown would still output on Port A the bit 
sequence "1101", "0001", "1110", "0010" which is 
"D1E2h". 

2.L1 PROGRAMMING LOCATIONS OOOQH TO 
003FH AfTER CODE PROTECTION 

In a code protected part, these locations will program but 
will read back scrambled data. Therefore to program 
these locations correctly, the programmer must pro
gram one nibble at a time and verify the result. Remem
ber that the scrambled data read out is: 

0000 0000 )()()()( 

where xxxx is the XOR of the three nibbles. 
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2.8 Embedding Configuration Fuse and ID Information in the Hex File 

3.0 PROGRAMNERIFY MODE ELECTRICAL CHARACTERISTICS 

3.1 DC Program Characteristics 

TABLE 4- DC CHARACTERISTICS (TA= +25°C) .. 
Characteristics Symbol Min Typ Max Units Conditions 

Supply Voltage during VDDP 4.75 5.0 5.25 v 
programming 

Supply Current (from Voo) IDDP 25.0 mA 
VDD = 5.0 v, Fosc1 = 5 MHz, 

Supply Voltage during VDDV Voomin Voomax Note 1 
verify 

Voltage on MCLR to stay in 
VHH1 VDD VDD+7.25 v ProgramNerify Modes 

Voltage on MCLR during VHH2 12.5 13.5 v 
programming 

Supply current from programming 
IHH 100 mA voltage source 

Current into MCLR pin during IHH2 10.0 25.0 mA VHH = 13.5 V, Voo = 6.0 V 
Programming (RTCC = 0) 

Input Low Voltage V1Lmc Vss 0.15 VDD v Note2 

Input High Voltage VIHrt 0.85VDD 5.0 VDD v 

Note 1: Device must be verified at minimum and maximum specified operating voltages. 
Note 2: The programming voltage source (connected to MCLR pin) should have a minimum of Sil impedance. 

© 1994 Microchip Technology Incorporated DS30190B-page 7 

3-7 



PIC16C5X Programming Specification 

3.2 AC Program and Test Mode Characteristics 

TABLE 5-AC CHARACTERISTICS (TA= +10°C to +40°C, Voo = 5.0 V) 

Characteristics Symbol Min Typ Max Units Conditions 

--
MCLR Rise Time TR 0.15 1.0 5 µs Note 

MCLR Fall Time TF 0.5 2.0 5 µs Note 

Program Mode Setup Time TPS 1.0 µs 

Data Access Time TACC 250 ns 

Data Setup Time Too 1.0 µs 

Data Hold Time T!l-1 1.0 µs 

Output Enable Time Toe 0 100 ns 

Output Disable Time Toz 0 100 ns 

Programming Pulse Width TPW 10.0 100 1000 µs Standard and TEST EPROM 

Programming Pulse Width TPWF 10000 µs Configuration Fuses Only 

Recovery Time TFC 10.0 µs 

Frequency on OSC1 Fosc DC 5 MHz For Incrementing of the PC 

DS30190C-page 8 © 1994 Microchip Technology Incorporated 
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3.3 Timlng Diagrams 

FIGURE 3.3.1 ·PROGRAMMING AND VERIFY TIMING WAVEFORM 

VHH11VHH2---------------------T'"'-Fi{ 

I I I I I 

TPs-:-TPWF4T~ :-TPW--: 

TR 

RTcc-----·' ' ~·--.... ~-~:--~:--~·· ' : : 

OSC1----~--~-~1--~-~~~·--~--~-~--~~~~---
DATA 

(RB7:0,----< 

:TACC :TACC : :TACC !TACC 

RA3:0) ,._,---..~ 
I ..... 
T1»1 Taz :Taz Taz :Toz 

I I 

DATA IN DATA OUT DATA OUT DATA IN DATA OUT DATA OUT 
(FUSE) (FUSE) (FUSE) (LOCOOOh) (LOCOOOh) (LOCOOOh) 

FFFh !x OOOh ~ I 

(PC POINTING TO FUSE) 
I I 

PC ________________ __,, 

{INTERNAL) 

FIGURE 3.3.2 ·SPEED VERIFY TIMING WAVEFORM 

RTCC 

OSC1 
DATA ouT· l'---'1DATA 0UT· l'---"'10ATA 0UT· l'---"'1DATA OUT',__ __ ,,., 

I (FUSE) I I (OOOh) I I (001 h) I I (002h) I 
DATA 

(RB7:0, --.....-1~ 
RA3:0) 

001h 

·1· 
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4.0 CHECKSUM COMPUTATION 

4.1 Checksum 

Read PIC16C5X memory and compute a checksum by 
simply adding up all memory locations from OOOh to the 
maximum user address (e.g., 1 FFh for the PIC16C54/ 
C55). Checksum computation should not include the 
TEST EPROM and ID locations. The addition takes 
place "byte-wide". That is, the low byte of a 12- bit wide 
memory location is added to the high byte (with the 
upper four bits always "O"). Any carry bits exceeding 16-
bits are neglected. 

The configuration fuses must be included in the calcula
tion using the following format: 

xxxx xxxx cwoo 

x 1 if device is not protected 

x o if device is code protected 

c Code protection bit 

w Watchdog timer fuse 

0 Oscillator selection fuse 

Note that the TEST EPROM and ID locations must 
not be included in the calculation. 

The value of ''x" is automatically determined by the 
P IC 16C5X device depending on the code protection bit. 

Two "checksum" functions must be available: 

A. Compute checksum and display only. 

B. Compute checksum and program into PIC16C5X's 
Customer ID locations. If the checksum is, for 
example, "1234h", the ID locations have to be 
programmed: 

IDO = 001h 

ID1 = 002h 

ID2 = 003h 

ID3 = 004h 

DS30190C-page 10 
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5.0 PIC16C5X HEX DATA FORMATS 

Assemblers for the PIC16C5X can produce PIC16C5X 
object files in various formats. A PIC16C5X program
mer must be able to accept and send data in at least one 
offollowing formats. The 8-blt merged (INHX8M) format 
is preferred. 

5.1 8-Blt Spllt lntel!ec Hex Format C!NHX8S) 

This format will be output by the assembler if the I NHX8S 
option is used with the LIST F directive or with the 'f' 
option on the command line. 

This format produces two 8-blt Hex files. One file will 
contain the address/data pairs for the high order 8-bits 
and the other file will contain the low order 8-blts. File 
extensions for the object code will be '.obi' and '.obh' for 
low and high order files respectively. 

Example: 

<filename>. OBL: 

:OAOOOOOOOOOOOOOOOOOOOOOOOOOOF6 

:OAOOOOOOOOOOOOOOOOOOOOOOOOOOF6 

:1000190000284068A8E8C82868A989EA28086ABFAA 

:10002900EOE82868BFE8C8080808034303E8E8FFOO 

:03003900FFFF19AD 

:00000001 FF 

Example: 

<filename>. OBH: 

:OAOOOOOOOOOOOOOOOOOOOOOOOOOOF6 

:OAOOOOOOOOOOOOOOOOOOOOOOOOOOF6 

:1000190000000000000000010101010102020202CA 

:100029000202030303030304040404050607070883 

:0300390008080AAA 

:00000001 FF 

5.2 8-Blt Merged lntellec Hex Format 
(INHX8M) 

This format will be output by the assembler if the INHX8M 
option is used with the LIST F directive or with the 'f' 
option on the command line. 

This format produces one 8-bit Hex file with a low byte/ 
high byte combination. Since each address can only 
contain 8 bits inthisformat, all addresses will be doubled. 
File extensions for the object code will be '.obj'. 

This format is useful for transferring PIC16C5X series 
object code to third party EPROM programmers. 

Cl 1994 Microchip Technology Incorporated 
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Example: 

:04001 OOOOOOOOOOOEC 

:1000000000000000000000000000000000000000FO 

:0400100000000000EC 

:100032000000280040006800A800E800C80028016D 

:100042006801A9018901EA01280208026A02BF02C5 

:10005200E002E80228036803BF03E803C8030804B8 

:1000620008040804030443050306E807E807FF0839 

:06007200FF08FF08190A57 

:00000001 FF 

5.3 16-Blt Hex Format 

This format will be output by the assembler if the INHX 16 
option is used with the "LIST F" directive or with the 'f 
option on the command line. 

This format produces one 16-bit Hex file. File extension 
for the object code will be '.obj'. 

This format is particularly useful to send PIC16C5X 
Series object code to Microchip's proprietary PIC PRO™ 
EPROM programmer. 

Example: 

:0200080000000000F6 

:0800000000000000000000000000000000000000F8 

:0200080000000000F6 

:08001900000000280040006800A800E800C801288E 

:08002100016801A9018901EA02280208026A02BFEE 

:0800290002E002E80328036803BF03E803C80408E9 

:080031000408040804030543060307E807E808FF72 

:0300390008FF08FFOA 1993 

:00000001 FF 

5.4 8-Blt Word Format 

Each data record begins with a nine character prefix and 
ends with a two character checksum. Each record has 
the following format: 

:BBAAAA TTHHHH .... HHHCC 

Where: 

BB Two-digit hexadecimal byte count representing 
the number of data words that will appear on the 
line. 

AAAA Four-digit hexadecimal address representing 
the starting address for the data record. 

TI Two-digit record type that will always be '00' 
except for the end-of-file record which is set to 
'01'. 

HH Two-digit hexadecimal data word. 

C 1994 Microchip Technology Incorporated 
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cc Two-digit hexadecimal checksum that is the 
two's compliment of the sum of all preceding 
bytes in the record including the prefix. 

5.5 16-Blt Word Format 

The 16-bit word format is basicallytlhe same as the 8-bit 
word format. The only difference is thatthe hexadecimal 
data word is extended to four digits. 

:BBAAAA TTHHHHHHHH .... HHHHCC 

Where: 

BB Two-digit hexadecimal byte count representing 
the number of data words that will appear on the 
line. MPALC is limiting "BB" to "08" (Hex) to be 
compatible with PICPRO. 

AAAA Four-digit hexadecimal address representing 
the starting address for the data record. 

TT Two-digit record type that will always be "00" 
except for the end-of-file record which is set to 
110111. 

HHHH Four-digit hexadecimal data word. For the 
PIC16C5X, the first Hex digit is always "O". 

cc Two-digit hexadecimal checksum that is the 
two's compliment of the sum of all preceding 
bytes in the record including the prefix. Note that 
the four digit data word is treated as two bytes. 

The format of each record (line) in the file is as follows: 

{3,F}<count><Symbol><value><marking> ... <checksum> 

Where: 

The first digit is always '3' except for the last line 
which is 'P. <count> is the number of symbols in 
the record (one digit). 

<symbol> is the name of the symbol (six digits). 

<Value> is the hexadecimal value of the symbol 
(three digits). <marking> is a one character mark
ing based on the symbols use: 

F=file 

K =literal 

L= label 

B =bit 

U =unused 

<checksum> is the hexadecimal checksum (three 
digits). 
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NOTES: 
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MICROCHIP PIC16C6xnX 
PIC16C6X/7X EPROM Memory Programming Specification 

PROGRAMMING THE PIC16C6xnX 
The PIC16C6><nX can be programmed using one of two 
methods, serial or parallel. In serial mode the PIC16C6X/7X 
can be programmed while in the users system. This 
allows for increased design flexability. The parallel 
mode will provide faster programming as the data is 
loaded into the PIC16C6><nX with a greater throughput. 
Either mode may be selected at the start of the program
ming process. 

Hardware Requirements 

The PIC16C6xnX requires two programmable power 
supplies, one for Voo (2.0V to 6.5V recommended) and 
one for VPP (12Vto 14V). Both supplies should have a 
minimum resolution of 0.25V. 

Programming Mode 

The programming mode for the PIC16C6xnX allows 
programming of user program memory, special loca
tions used for ID (PIC16C71 only), and the configuration 
fuses for the PIC16C6xnX. 

1.0 PROGRAM MODE ENTRY 

1.1 User Program Memory Map 

The user memory space extends from OOOOh to 1 FFFh 
(SK). Table 1-2 shows actual implementation of pro
gram memory in the PIC16C6xnX family. 

TABLE 1-2: IMPLEMENTATION OF 
PROGRAM MEMORY IN THE 
PIC16C6xnx: FAMILY 

Device Actual Implementation Access to 
of Program Memory Program Memory 

16C64 OOOOh - 07FFh (2K) PC<10:0> 

16C71 OOOOh - 03FFh (1 K) PC<9:0> 

When the PC reaches the last location of the imple
mented program memory, it will wrap around and ad
dress a location within the physically implemented 
memory (see Figure 1-1). 

In programming mode the program memory space ex
tends from OOOOh to 3FFFh, with the first half (OOOOh-
1 FFFh) being user program memory and the second 
half (2000h-3FFFh) being configuration memory. The 
PC will increment from OOOOh to 1 FFFh to 2000h to 
3FFFh and wrap around to 2000h (not to OOOOh). Once 
in configuration memory, the highest bit of the PC stays 

3 a '1 ',thus always pointing to the configuration memory. 
The only way to pointto user program memory is to reset 
the part and reenter program/verify mode (TMOD1), as 
described in Section 1.2. 

In the configuration memory space, 2000h-207Fh or 
2000h-20FFh are utilized. When in configuration 
memory, as in the user memory, the 2000h-2xFFh 
segment is repeatedly accessed as PC exceeds 2xFFh 
(see Figure 1-1 ). 

FIGURE A - PIN CONFIGURATION 

PDIP, CERDIP Window 

MCLRIVPf'- ----RB7 
RAO..._.. -.-RBS 
RA1- -RBS 
RA2- 4 -RB4 
RA3- 5 -RB3 

RA4fTOCKI- 6 -RB2 
RA51ss- 7 -RB1 
REOIRD- 8 -RBO/INT 
RE1/WR- 9 -voo 
RE2/CS- 31 -vss 

-RD7/PSP7 
vss- -RD6/PSP6 

OSC1/CLKIN - -RD5/PSP5 
SC2/CLKOUT - -RD4/MP4 

RCO/T1CKI- -RC7 
RC1/T1CKO- -RC6 
RC2/CCP1- -RCSISDO 

RC31SCK/SCL- ..__ RC4/SDVSDA 
RDO/PSPO- ..__ RD3/PSP3 
RD1/PSP1- 21 -RD2/PSP2 

PDIP, SOIC, CERDIP Window 

RA2/AIN2 RA1/AIN1 
RA3/AIN3NREF RAO/AINO 

RA4/RTCC OSC1/CLKIN 
MCLR/VPP OSC2/CLKOUT 

Vss Voo 
RBO/INT RB7 

RB1 RBS 
RB2 RBS 
RB3 RB4 
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FIGURE 1-1: PROGRAM MEMORY MAPPING 

PIC16C64 PIC16C71 

0 
2000 ID Location Implemented Implemented 

3FF 
2001 

In PIC16C71 
Only 

2002 

ID Location 400 Implemented Accesses O - 3FF 
7FF 

ID Location 800 
Accesses o -3FF Accesses O - 3FF 

BFF 

2003 ID Location coo 
Accesses 400 - 7FFh Accesses 0 - 3FF 

FFF 

2004 Reserved 1000 
Accesses O - 3FF Accesses 0 - 3FF 

13FF 

2005 Reserved 
1400 

Accesses 400 - 7FF Accesses 0 - 3FF 
17FF 

2006 Reserved 1800 
Accesses O - 3FF Accesses O - 3FF 

1BFF 

2007 Fuses 1COO 
Accesses 400 - 7FFh Accesses O - 3FF 

1FFF 
2000 

Implemented 
207F - - - Implemented · - - -

20FF 
Non-implemented 

2100 
Non-implemented Non-implemented 

23FF 
2400 

Non-implemented Accesses2000-23FF 
27FF 
2800 

Accesses 2000 - 23FF Accesses2000-23FF 
2BFF 

2COO 
Accesses2400-27FF Accesses 2000 - 23FF 

2FFF 
3000 

Accesses 2000 - 23FF Accesses 2000 - 23FF 
33FF 

3400 
Accesses 2400 - 27FF Accesses 2000 - 23FF 

37FF 
3800 

Accesses 2000 - 23FF Accesses2000-23FF 
3BFF 
3COO 

Accesses 2400 - 27FF Accesses2000-23FF 
3FFF 
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1.2 ProgramNerify Mode 

The program/verify mode is entered by holding pins RB6 
and RB7 low while raising MCLR pin from Vil to ViHH 
(high voltage). Once in this mode the user program 
memory and the configuration memory can be accessed 
and programmed in either a serial or parallel fashion. 
The initial mode of operation is serial, and the memory 
that is accessed is the user program memory. RB6 is a 
Schmitt trigger input in this mode. 

The sequence that enters the device into the program
ming/verify mode places all other logic into the reset 
state (the MCLR pin was initially at VIL). This means that 
all 1/0 are in the reset state (High impedance inputs). 

1.2.1 SERIAL PROGRAM/VERIFY OPERATION 

The RB6 pin is used as a clock input pin, and the RB7 pin 
is used for entering command bits and data inpuVoutput 
during serial operation. To input a command, the clock 
pin (RB6) is cycled six times. Each command bit is 
latched on the falling edge of the clock with the least 
significant bit (lsb) of the command being inputfirst. The 
data on pin RB7 is required to have a minimum setup and 
hold time (see AC/DC specs) with respect to the falling 
edge of the clock. Commands that have data associated 
with them (read and load) are specified to have a 
minimum delay of us between the command and the 

data. After this delay the clock pin is cycled 16 times with 
the first cycle being a start bit and the last cycle being a 
stop bit. Data is also input and output lsb first. Therefore, 
during a read operation the lsb will be transmitted onto 
pin RB7 on the rising edge of the second cycle, and 
during a load operation the lsb will be latched on the 
falling edge of the second cycle. A minimum us delay is 
also specified between consecutive commands. 

All commands are transmitted lsb first. Data words are 
also transmitted lsb first. The data is transmitted on the 
rising edge and latched on the falling edge of the clock. 
To allow for decoding of commands and reversal of data 
pin configuration, a time separation of at least 1 us is 
required between a command and a data word (or 
another command). 

The commands that are available are: 3 
1.2.1.1 Load Configuration 

After receiving this command, the program counter (PC) 
will be setto 2000 hex. By then applying 16 cycles to the 
clock pin, the chip will load 14-bits in as the "data word", 
as described above, to be programmed into the configu
ration memory. A description of the memory mapping 
schemes for normal operation and configuration mode 
operation is shown in Figure 1-1. After the configuration 
memory is entered, the only way to get back to the user 
program memory is to exit the program/verify test mode 
by taking MCLR low (Vil). 

TABLE 1-3: COMMAND MAPPING (SERIAL OPERATION) 

Command Mapping (msb ... lsb) Data 

Load Configuration 0 0 0 0 0 0 o, data(14), o 
Load Data 0 0 0 0 1 0 o, data(14), O 
Read Data 0 0 0 1 0 0 o, data(14), O 
Increment Address 0 0 0 1 1 0 
Begin programming 0 0 1 0 0 0 
Enter Parallel Mode 0 0 1 0 1 0 
End Programming 0 0 1 1 1 0 
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FIGURE 1-2: PROGRAM FLOW CHART· PIC16C6X/7X PROGRAM MEMORY 
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FIGURE 1-3: PROGRAM FLOW CHART- PIC16C6><nX CONFIGURATION MEMORY 
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1.2.1.2 Load Data 
After receiving this command, the chip will load in 14-bits 
as a "data word" when 16 cycles are applied, as de
scribed previously. A timing diagram for the load data 
command is shown in Figure 1-4. 

1.2.1.3 Read Data 
After receiving this command, the chip will transmit data 
bits out of the memory currently accessed starting with 

the second rising edge of the clock input. The RB7 pin 
will go into output mode on the second rising clock edge, 
and it will revert back to input mode (hi-impedance) after 
the 16th rising edge. A timing diagram of this command 
is shown in Figure 1-5. 

1.2.1.4 Increment Address 
The PC is incremented when this command is received. 
A timing diagram of this command is shown in Figure 1-6. 

FIGURE 1-4: LOAD DATA COMMAND (SERIAL PROGRAMNERIFY) 
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FIGURE 1-5: READ DATA COMMAND (SERIAL PROGRAMNERIFY) 
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FIGURE 1-6: INCREMENT ADDRESS COMMAND (SERIAL PROGRAMNERIFY) 
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1.2.1.5 Begin Programming 

A load command (load configuration or load data) must 
be given before every begin programming command. 
Programming of the appropriate memory (test program 
memory or user program memory) will begin after this 
command is received and decoded. Programming 
should be performed with a series of 1 OOµs program
ming pulses. A programming pulse is defined as the 
time between the begin programming command and the 
end programming command. 

1.2. 1.6 Enter Parallel Mode 

After receiving this command, the chip will accept com
mands and supply data in a parallel fashion. After 
parallel mode has been entered, serial operation can 
only be achieved by fully exiting the program/verify 
mode and re-entering. See Figure 1-8 for details. 

1.2.1. 7 End Programming 

After receiving this command, the chip stops program
ming the memory (configuration program memory or 
user program memory) that it was programming at the 
time. 

1.2.2 PARALLEL OPERATING 

After receiving the command 'Enter Parallel Mode', the 
circuitry will function in a parallel fashion. The function 
of pins RB6 and RB7 change during parallel operation, 
and it is also necessary to control several more pins to 
achieve the desired results. Since the memories in this 
device are 14 bits wide and there are only 12 1/0 pins, it 
is necessary to transfer data into and out of the chip in 
two data words. These high and low data words are 
selected based upon the value of pin RB6 (RB6 = '1': 
high data word). In parallel mode, both the high and low 
segments of data inpuVoutput are 10-bit wide, making it 
possible to handle up to 20-bit data words. The need for 
20-bit capability is because future versions of PIC16C6X/7X 
may need to read/program data words larger than 14-bit. 

For each 10-bit data-segment (high or low), ABO is the 
lsb and RA3 is the msb. In PIC 16C6X/7X, the lower 14 
bits of the total 20-bit word is actually used. The upper 
sixbitsaredon'tcare (see Figure 1-7). The pin RB7 also 
has a new function in parallel operation and that is to 
indicate whether a command is being input or data is 
being transferred (RB7 = '1' -data transfer). Commands 
are input on pins RB<3:1> with the lsb applied to pin 
RB 1. The clock pin during parallel operation is the RT 
pin. Data is again transmitted on the rising edge and 
latched on the falling edge of the clock. A minimum 
setup and hold time of 1 OOns with respect to the falling 
edge of the clock is again required. When entering a 
command RB7 must be held low for a minimum of 1 OOns 
after the falling edge of the clock. 
The commands which are available during parallel op
eration are shown in Table 1-3. 

A vety important point to note in 'parallel program/verify' 
operation is the function of the DATA/COMMAND pin 
(RB7). RB7 = 0 during RT pin pulsing indicates a 
command input, whereas RB7 = 1 indicates a data input. 
After evety command, the RB7 pin must go high (for 
> 1 OOns) to initiate execution of that command. This is 
necessaty even if back to back commands are being 
executed without any data word in between. 

TABLE 1-3: COMMAND MAPPING 
(PARALLEL OPERATION) 

Command Mapping 
(RB<3:1>}_ 

Load Configuration 000 
Load Data 001 
Read Data 010 
Increment Address 0 1 1 
Begin Programming 100 
Enter Program-Compare Mode 1 1 0 
End Programming 1 1 1 

1.2.2.1 Load Configuration 

Data 

Yes 
Yes 
Yes 
No 
No 
No 
No 

After receiving this command, the program counter (PC) 
will be set to 2000h pointing to the first location in the 
configuration memory. By then setting pin RB7 high and 
pin RB6 high, the upper 4 bits of the complete data word 
will be latched in on the falling edge of the RT pin. Setting 
pin RB6 low allows the lower 10-bits to be latched in, and 
then the entire data word can be programmed into the 
configuration memory. 

Note: The data must be loaded high byte first and then 
low byte. 

A description of the memory mapping schemes for 
normal operation and programming mode operation is 
shown in Figure 1-1. After the configuration memory is 
entered, the only way to get back to the user program 
memory is by exiting the program/verify mode. 

1.2.2.2 Load Data 

After receiving this command, the RB7 pin is set high, 
and the data can then be latched into the chip. A timing 
diagram for the load data command is shown in Figure 
1-8. 

1.2.2.3 Read Data 

After receiving this command, the chip will transmit data 
bits out of the memory currently accessed on the second 
rising edge of the clock input after pin RB7 has been set 
high. When the clock is taken high for the second time 
after RB7 is set high, the clock must remain high until all 
of the data has been read out. The high or low data 
words can be accessed while the clock is high by setting 
RB6 high or low, respectively. The pins RA<3:0>, and 
RB<5:0> go into output mode on the second rising clock 
edge, and they will revert back to input mode (hi
impedence) when the clock is set low. A timing diagram 
of this command is shown in Figure 1-9. 
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1.2.2.4 Increment Address 

The PC is incremented when this command is received. 

1 2.2.5 Begin Programming 

A load command (load configuration or load data) must 
be given before every begin programming command. 
Programming of the appropriate memory (configuration 
memory or user program memory) will begin after this 
command is received and decoded. The programming 
pulse is defined by RB7, and RB7 must remain high for 
the duration of the programming pulse time. 

1.2.2.6 Enter Program-Compare Mode 

After receiving this command, the data that has been 
latched into the shift register by a load command can be 
alternatively programmed into the memory and com
pared to the contents of the memory location currently 
accessed by pulsing the RT pin high. When in this mode, 

FIGURE 1-7: DATA IN/OUT FORMAT 

the RT pin ceases to act as a clock. A single bit compare 
output is provided to indicate whether the data has been 
successfully programmed into the memory ('1' - suc
c~ssful), and this value is output on pin OSC2. The 
comparison bit is transmitted on the rising edge and 
latched on the falling edge of every other RT pulse 
starting with the second RT pulse. In order to exit this 
mqde, it is necessary to pulse the OSC1 pin high, and 
this also increments the program counter. It is required 
to have a 1 us delay time before another command is 
entered to allow the high voltages time to decay. A 
timing diagram of this command is shown in Figure 1-10. 

1.2.2.7 End Programming 

After receiving this command, the chip stops program
ming the memory (test program memory or user pro
gram memory) that it was programming at the time. It is 
required to have a 1 us delay time before another com
mand is entered to allow the high voltages time to decay. 

RA3 RAO[RB5 RBO[RA3 RAO RBS ........ ABO 
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14 bits used in PIC16C71 

FIGURE 1-8: LOAD DATA COMMAND (PARALLEL PROGRAMNERIFY) 
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FIGURE 1-9: READ DATA COMMAND (PARALLEL PROGRAMNERIFY) 
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FIGURE 1-10: ENTER PROGRAM - COMPARE MODE 
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1.4 AC/DC Timing Requirements for PrograrnNerify Mode 

AC/DC CHARACTERISTICS, Standard Operating Conditions 

POWER SUPPLY PINS Operating temperature +10"C s TA s +40"C, unless otherwise stated 
Operating voltage 4.5V s Voo s 5.5V, unless otherwise stated 

Characteristic Sym Min Typ Max 

General 
Supply voltage during programming VDDP 4.75 5.0 5.25 
Supply voltage during verify Voov Voomin. Voomax. 
Supply current (from Voo) IDDP 20 
during programming 
Pro_grammirlQ_ su!>f>ly_ current]rom VP'1: (pp 50 
Voltage on MCLR during programming VIHH 12.5 13.5 
Voltl!Q_e on MCLR during_ verify_ VIHH2 Voo +4.0 13.5 
MCLR rise time (Vss to VHH) tvHHR 1.0 
for test mode entry 
(RB6, RB7) input high level VIH1 o.a Voo 

IRB6, RBi[illQ_ut low level VIL1 0.2Voo 
RB<7:2> setup time before MCLR1' tsetO 100 

j!est mode selection ...12.attem set\!Q_ timaj_ 
RB<7:2> hold time after MCLR1' thldO 2 
(test mode selection pattern hold time) 

Serial PrograrnNerlfy 
Data in setup time before clock.!. tset1 100 
Data in hold time after clockr thld1 100 
Data input not driven to next clock input tdly1 1.0 
(delay required between command/data or 
command/command) 
Delay between clockr to clock! of next tdly2 1.0 
command or data 
Clock1' to date out valid (during read data) tdly3 80 

Parallel Pro_111"arnNer_l!y_ 
Data in set\!Q_ time before clock.!. tset3 100 
Data in hold time after clockJ. thld3 100 
RB6 and RB7 set\!Q_ time before clockJ. tset1 500 
RB6 and RB7 hold time after clock.!. thld1 500 
RT (clock)J. to RT (clock)1' tdly4 1.0 
RB7 (data/command select input) tset2 500 
setup before RT (clock)1' 
RB7 (data/command select input) thld2 500 
hold time after RT _Lclocl9_J. 
RTJ_cloc19_1' to data out valid td_Mi 100 
RB6 J_hVlo select_l valid to data out valid tdJy_6 100 
Programming pulse width Time delay from tprog 1.0 100 1000 
program to compare (HV discharge time) tdis 0.5 
RTT to OSC2 out (compare output) valid tdly7 100 

Note 1: Program must be verified at the minimum and maximum Voo limits for the part. 
Note 2: VIHH must be greater than Voo + 4.5V to stay in programming/verify mode. 

Units Conditions 

v 
v Note 1 
mA 

mA 
v 

µs 

v Schmitt tri!l[er input 
v Schmitt trimier ir:ii:>_ut 
ns 

µs 

ns 
ns 
µs 

µs 

ns 

ns 
ns 
ns 
ns 
µs 
ns 

ns 

ns 
ns 
µs 
µs 
ns 
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2.0 CONFIGURATION FUSES 

The PIC16C6X/7X has seven configuration fuses, which 
are EPROM bits. These fuses can be programmed 
(reads 'O') or left unprogrammed (reads '1') to select 
various device configurations. 

FIGURE 2.0.1 - CONFIGURATION WORD 

12 7 6 5 bitO 

l l lcP1 CPolPWRTEj WDTEJ FOSC11Foscaj Addr: 2007h 

l l OSC selection fuses: 

FOSC1, FOSCO: 

00: LP oscillator 

01 : XT oscillator 

10: HS oscillator 

11 : RC oscillator 

WDT gnable f!.!l!!1l!: 

WDTE = 1: WDT enabled 

WDTE = O: WDT disabled 

Pgwer-ug !imgr gn§bl!1 fusg; 

PWRTE= 1 power-up time enabled 

PWRTE = O power-up timer disabled 

QQd!111rQ!11!<1 

Device CP1 CPO Code Protection 

PIC16C6X/7X 0 0 All memory protected 

0 1 Upper 3/4 memory protected 

1 0 Upper 112 memory protected 

1 1 Off 

PIC16C71 1 0 On 

only 1 1 Off 

Reserved - write as '1' for PIC16C71. 
- write as 'O' for PIC16C6X/7X. 

Unimplemented. Read as '1 's . 
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2.2 Code Protection 

The code in the program memory can be protected by 
blowing the code protect fuse (CP). 

When code protected, the contents of the program 
memory cannot be read out in a way that the program 
code can be reconstructed. In addition, all memory 
locations starting at 0040h and above are protected 
against programming. 

In the PIC16C71 it is still possible to program locations 
0000 - 003F, the ID locations and the configuration 
fuses. 

2.2.1 PROGRAMMING LOCATIONS OOOOH TO 
003FH AFTER CODE PROTECTION 

These locations can be programmed but will read back 
scrambled data. To successfully program these loca
tions the programmer must program the high and low 7-
bits separately: 

1. First program i i i i 11 1 bbb bbbb into the location 
and verify for 00 0000 Obbb bbbb. 

2. Next program bb bbbb b111 1111 into the location 
and verify for 00 0000 Oxxx xxxx, where xxxxxxx is 
XNOR of the high 7 bits and the low 7 bits. 

2.2.2 VERIFYING A CODE-PROTECTED 
PIC16C6X/7X 

When code protected verifying any program memory 
location will read a scrambled output which looks like 
•oooooooxxxxxxx' (binary) where X is 1 or o. To verify 
a device after code protection, follow this procedure: 

a. First, program and verify a good device without code 
protecting it. 

b. Next, blow its code protection fuse and then load its 
contents in a file. 

c. Verify any code-protected PIC16C6X/7X against this 
file. 

2.3 ID Locations (PIC16C71 Only): 

Four memory locations (2000h - 2003h) are designated 
as ID locations where the user can store checksum or 
other code - identification numbers. These locations are 
not accessible during normal execution but are readable 
and writable during program/verify. 

It is recommended thatthe user use only the lower 7-bits 
of the ID locations and always program the upper 7-bits 
as '1's. 

3.0 PROGRAMMING ALGORITHM 
REQUIRES VARIABLE Voo 

The PIC16C6X/7X uses an intelligent algorithm. The 
algorithm calls for program verification at Voo (min.) as 
well as Voo (max.). Verification at Voo (min.) guaran
tees good 'erase margin'. Verification at Voo (max) 
guarantees good 'program margin'. 

The actual programming must be done with Voo in the 
VDDP range (4.75 - 5.25V). 

VooP = Vee range required during programming. 
Voo min. = minimum operating Voo spec for the part. 
Voo max. = maximum operating Voo spec for the part. 

Programmers must verify the PIC16C6X/7X at its speci
fied Voo max. and Voo min. levels. Since Microchip may 
introduce future versions of the PIC16C6X/7X with a 
broader Voo range, it is best that these levels are user 
selectable (defaults are ok). Any programmer not 
meeting these requirements may only be classified 
as "prototype" or "development" programmer but 
not a "production" quality programmer. 

DS30228C-page 12 ~IT'®~o IITfil o ITil®IT'W C 1994 Microchip Technology Incorporated 

3-24 



MICROCHIP PIC16C84 
PIC16C84 EEPROM Memory Programming Specification 

PROGRAMMING THE PIC16C84 
The PIC16C84 is programmed using one of two meth
ods, serial or parallel. The serial mode will allow the 
PIC16C84 to be programmed while in the users system. 
This allows for increased design flexability. The parallel 
mode will provide faster programming as the data is 
loaded into the PIC16C84 with a greater throughput. 
Either mode may be selected at the start of the program
ming process. 

Hardware Requirements 

The PIC16C84 requires two programmable power sup
plies, one for Voo (4.SV to S.SV) and one for VPP (12V to 
14V). Both supplies should have a minimum resolution 
of 0.2SV. 

Programming Mode 

The programming mode for the PIC16C84 allows pro
gramming of user program memory, data memory, 
special locations used for ID, and the configuration fuses 
for the PIC16C84. 

1.0 PROGRAM MODE ENTRY 
TABLE 1.0 ·TEST MODE SELECTION 

RB? RB6 RBS RB4 Mode Function 

0 0 x x TMOD1 Program/verify 

1.1 User Program Memory Map 

The user memory space extends from OOOOh to 1 FFFh 
(SK), of which 1 K (OOOOh - 03FFh) is physically imple
mented. In actual implementation the on-chip user 
program memory is accessed by the lower 10-bits of the 
PC, with the upper 3-bits of the PC ignored. Therefore 
if the PC is greater than 3FFh, it will wrap around and 
address a location within the physically implemented 
memory. (See Figure 1.1.1). 

In programming mode the program memory space ex
tends from OOOOh to 3FFFh, with the first half (OOOOh-
1 FFFh) being user program memory and the second 
half (2000h-3FFFh) being configuration memory. The 
PC will increment from OOOOh to 1 FFFh to 2000h to 
3FFFh and wrap around to 2000h (not to OOOOh). Once 
in configuration memory, the highest bit of the PC stays 
a '1 ', thus always pointing to the configuration memory. 
The only way to point to user program memory is to reset 
the part and reenter program/verify mode (TMOD1) as 
described in Section 1.2. 

FIGURE A· PIN CONFIGURATION 

PDIP,SOIC 

--- RA2 RA1 ------ RA3 RAO ------ RA4fTOCKI OSC1/CLKIN ---- MCLR OSC2/CLKOUT ---- Vss Voo ----- RBO/INT RB7 ------ RB1 RB6 ------ RB2 RBS ------ RB3 RB4 ---
In the configuration memory space, 2000h-200Fh are 
physically implemented. Locations beyond 200Fh will 
physically access user memory. (See figure 1.1.1 ). 

1.2 TMOD1: ProgramNerify Mode 

The program/verify mode is entered by holding pins RB6 
and RB7 low while raising MCLR pin from Vil to ViHH 
(high voltage). RBS and RB4 pins are don't care. Once 
in this mode the user program memory and the configu
ration memory can be accessed and programmed in 
either a serial or parallel fashion. The initial mode of 
operation is serial, and the memory that is accessed is 
the user program memory. RB6 and RB? are schmitt 
trigger inputs in this mode. 
The sequence that enters the device into the program
ming/verify mode places all other logic into the reset 
state (the MCLR pin was initially at VrL). This means that 
all 1/0 are in the reset state (High impedance inputs). 

1.2.1 SERIAL PROGRAM/VERIFY OPERATION 

The RB6 pin is used as a clock input pin, and the RB? pin 
is used for entering command bits and data input/output 
during serial operation. To input a command, the clock 
pin (RB6) is cycled six times. Each command bit is 
latched on the falling edge of the clock with the least 
significant bit (lsb) of the command being input first. The 
data on pin RB? is required to have a minimum setup and 
hold time (see AC/DC specifications) with respect to the 
falling edge of the clock. Commands that have data 
associated with them (read and load) are specified to 
have a minimum delay of us between the command and 
the data. After this delay, the clock pin is cycled 16 times 
with the first cycle being a start bit and the last cycle 
being a stop bit. Data is also input and output lsb first. 
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FIGURE 1.1.1 - PROGRAM MEMORY MAPPING 

0 

Implemented 

3FF 
400 

accesses O ·3FF 
7FF 
800 

accesses O -3FF 
BFF 
coo 

accesses O -3FF 
FFF 

1000 accesses O -3FF 
13FF 
1400 

accesses O -3FF 
17FF 
1800 

accesses 0 -3FF 
1BFF 
1COO 

accesses O -3FF 
1FFF 
2000 

implemented 
200F 

2010 
2000 ID Location 

accesses 10·3FF 
23FF 
2400 

ID Location accesses 0 - 3FF 
27FF 

2001 

2800 
2002 ID Location accesses O • 3FF 

2BFF 

2COO 
2003 ID Location accesses O - 3FF 

2FFF 

Reserved 
3000 accesses O - 3FF 2004 
33FF 

Reserved 
3400 

accesses O - 3FF 
37FF 

2005 

Reserved 
3800 

accesses 0 - 3FF 
3BFF 

2006 

3COO 
2007 Fuses accesses 0 • 3FF 

3FFF 

TABLE 1.2.1.1 - COMMAND MAPPING (SERIAL OPERATION) 

Command Mapping (msb ... lsb) Data 

Load Configuration 0 0 0 0 0 0 0, data (14), O 
Load Data for Program Memory 0 0 0 0 1 0 0, data (14), O 
Read Data from Program Memory 0 0 0 1 0 0 0, data (14), O 
Increment Address 0 0 0 1 1 0 
Begin Programming (Note 1) 0 0 1 0 0 0 
Enter Parallel Mode 0 0 1 0 1 0 
Load Data for Data Memory 0 0 0 0 1 1 0, data (14), O 
Read Data from Data Memory 0 0 0 1 0 1 0, data (14), O 

Notes: 1. Programming is self-timed, hence no end programming command. 
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FIGURE 1.2.1.1 - PROGRAM FLOW CHART - PIC16C84 PROGRAM MEMORY 

Increment Address 
Command 

No 

Done 

Report Programming 
Failure 

Report Verify@ 
Yoo Min. Error 

Report Verify O 
Yoo Max. Error 

Program Cycle 

Load Data 
Command 

WaH10ms 

• VooP = Voo range for programming (typically 4.SV - 5.SV) 
Voo min. = Minimum Voo for device operation. 
Voo max. = Maximum Voo for device operation. 

Therefore, during a read operation the lsb will be trans
mitted onto pin RB? on the rising edge of the second 
cycle, and during a load operation the lsb will be latched 
on the falling edge of the second cycle. A minimum 1 us 
delay is also specified between consecutive commands. 

All commands are transmitted lsb first. Data words are 
also transmitted lsb first. The data is transmitted on the 
rising edge and latched on the falling edge of the clock. 
To allow for decoding of commands and reversal of data 
pin configuration, a time separation of at least us is 
required between a command and a data word (or 
another command). 

The commands that are available are: 
1.2.1.1 load Configyratjon 
Alter receiving this command, the program counter (PC) 
will be set to 2000 hex. By then applying 16 cycles to the 
clock pin, the chip will load 14-bits in as the "data word", 
as described above, to be programmed into the configu
ration memory. A description of the memory mapping 
schemes of the program memory for normal operation 
and configuration mode operation is shown in figure 1.0. 
Alter the configuration memory is entered, the only way 
to get back to the user program memory is to exit the 
program/verify test mode by taking MCLR low (Vil). 

1.2.1.2 Load Data for Program Memory 
After receiving this command, the chip will load in 14-bits 
as a "data word" when 16 cycles are applied, as de
scribed previously. A timing diagram for the load data 
command is shown in Figure 1.2.1.3. 
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FIGURE 1.2.1.2 ·PROGRAM FLOW CHART· PIC16C84 CONFIGURATION MEMORY 

Start 

Program ID Loe? 

No 

Program Cycle 

Report Programming 
Failure 

Read Data 
Command 

Data Correct 

Yes 

Increment Address 11111------------.... 
Command Program Cycle Set Voo = Voo max. 

Done 
Yes 

1.2.1.3 Load Data for Data Memory 

Report Program 
Fuse Error 

No 

Data Correct? 

After receiving this command, the chip will load in 14-bits 
as a 'data word' when 16 cycles are applied. However, 
the data memory is only 8-bits wide, and thus only the 
first 8-bits of data after the start bit will be programmed 
into the data memory. It is still necessary to cycle the 
clock the full 16 cycles in order to allow the internal 
circuitry to reset properly. The data memory contains 64 
words. Only the lower 8-bits of the PC are decoded by 
the data memory, and therefore if the PC is greater than 
3Fh, it will wrap around and address a location within the 
physically implemented memory. 

1.2.1.4 Read Data from Program Memory 

After receiving this command, the chip will transmit data 
bits out of the program memory (user or configuration) 
currently accessed starting with the second rising edge 
of the clock input. The RB7 pin will go into output mode 
on the second rising clock edge, and it will revert back to 

Data Correct? 

Yes 

Set Voo = Voo min. 
Read Data Command 

Read Data 
Command 

input mode (hi-impedence) afterthe 16th rising edge. A 
timing diagram of this command is shown in Figure 
1.2.1.4. 

1.2.1.5 Read Data from Data Memory 

After receiving this command, the chip will transmit data 
bits out of the data memory starting with the second 
rising edge of the clock input. The RB7 pin will go into 
output mode on the second rising edge, and it will revert 
back to input mode (hi-impedence) after the 16th rising 
edge. As previously stated, the data memory is 8-bits 
wide, and therefore, only the first 8-bits that are output 
are actual data. 

1.2.1.6 Increment Address 

The PC is incremented when this command is received. 
A timing diagram of this command is shown in Figure 
1.2.1.5. 
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FIGURE 1.2.1.3- LOAD DATA FOR PROGRAM MEMORY COMMAND (SERIAL PROGRAMNERIFY) 

VtHH---~----------------------------------

MCLR 

15 16 
_____ JLJL_ 

loon~ 
RB7 

(DATA)~,'",...;,---___/ !1! ~-0-------~, 
: i : tset1--l : .. : ~ tset1+-..; 

f-+i )-thld1 :1µs min.: ; :....:.-thld1 

:::~ 

~ ~ 

100ns 100ns 
min. min. 

Reset __,..,.._ _____________ P_rog~r_arnN_e_rify~Tes_t_M_od_e ______________ _ 

FIGURE 1.2.1.4 - READ DATA FROM PROGRAM MEMORY COMMAND (SERIAL PROGRAMNERIFY) .. 

VIHH--.,--------------------------------------
MCLR : 

. '' 
tsetO --: :: thldO I 

" _____, 
RBS ' " 

(CLOCK)~'-+--~ 

RB7 
(DATA)~>-;-----~----;:----r 

' ' ' tsen:-: : 
: ~1hld1 
~ 

100ns 
min. 

4 

0 

RB7= input 

tdly2 

6: 1µsmin. 

tdly3+ 
0 

' tdly1 : 
~ 

:11.Js min.: 

•:• 

5 15 16 

RB7 = outpu1 

_____ JLJL_ 

:::::x=::>.--

: RB7 
: lnpu1 ... 

Re~t~----------------P_rog~ra_rnN_erffy~T_es_tM_ode ______________ ~ 

FIGURE 1.2.1.5- INCREMENT ADDRESS COMMAND (SERIAL PROGRAMNERIFY) 

VIHH ---,---------------------------
MCLR 

RBS 
(CLOCK)_~-~ 

2 3 4 5 

tdly2 
Next Command 

6 1µs min. 2 

-___ !1---Jl _______ _ 
' 

RB7 I 
(DATAl-~----O~ 1 1 \ ? 0 o .-:------)~_o ___ o 

tset1 ~ thld1 ~ 
' ' ' ' ' ' ~ 

100ns 
min. 

:1µsmin.: 
' ' 

Reset-_.,. __________ P_rog~ra_mN_e_rify~Te_s_tM_od_e _________ ___ 

1.2. 1. 7 Begin Programming 

A load command must be given before every begin 
programming command. Programming of the appropri
ate memory (test program memory, user program 
memory or data memory) will begin after this command 
is received and decoded. An internal timing mechanism 
executes an erase before write. The user must allow 
10ms for programming to complete. No 'end program
ming' command is required. 

1.2.1.8 Enter Parallel Mode 

After receiving this command, the chip will accept com
mands and supply data in a parallel fashion. After 
parallel mode has been entered, serial operation can 
only be achieved by fully exiting the program/verify 
mode and re-entering. See Section 1.2.2 for details. 
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1.2.2 PARALLEL OPERATION 

After receiving the command 'Enter Parallel Mode', the 
circuitry will function in a parallel fashion. The function 
of pins RB6 and RB7 change during parallel operation, 
and it is also necessary to control several more pins to 
achieve the desired results. Since the program memory 
in this device is 14-bits wide and there are only 12 1/0 
pins, it is necessary to transfer data into and out of the 
chip in two data words. These high and low data words 
are selected based upon the value of pin RB6 (RB6 = '1 ': 
high data word). In parallel mode, both the high and low 
segments of data input/output are 10-bits wide, making 
it possible to handle up to 20-bit data words. The need 
for 20-bit capability is because future versions of 
PIC16C84 may need to read/program data words larger 
than 14-bit. 

For each 10-bit data-segment (high or low), ABO is the 
lsb and RA3 is the msb. In PIC16C84, the lower 14 bits 
of the total 20-bit word is actually used. The upper-six 
bits are don't care (see Figure 1.2.2.1 ). The pin RB7 
also has a new function in parallel operation and that is 
to indicate whether a command is being input or data is 
being transferred (RB7 = '1' -data transfer). Commands 
are input on pins RB<3:0> with the lsb applied to pin 
ABO. The clock pin during parallel operation is the RT 
pin. Data is again transmitted on the rising edge and 
latched on the falling edge of the clock. A minimum 
setup and hold time of 1 OOns with respect to the falling 
edge of the clock is again required. When entering a 
command RB7 must be held low for a minimum of 1 OOns 
after the falling edge of the clock. The commands which 
are available during parallel operation are shown in 
Table 1.2.2.1. 

TABLE 1.2.2.1 ·COMMAND MAPPING 
(PARALLEL OPERATION) 

Command Mapping Data 

(RB<3:0>) 
Load Configuration 0000 Yes 

Load Data for Program Memory 0010 Yes 

Read Data from Program Memory 0100 Yes 

Increment Address 0 11 0 No 

Begin Programming 1000 No 

Read Data from Data Memory 0 101 Yes 

Load Data from Data Memory 0 0 11 Yes 

Bulk Erase Program Memory 1001 No 

Bulk Erase Data Memory 1011 No 

1.2.2.1 Load Configuration 

After receiving this command, the program counter (PC) 
will be set to 2000h pointing to the first location in the 
configuration memory. By then setting pin RB7 high and 
pin RB6 high, the upper 4-bits of the complete data word 
will be latched in on the falling edge of the RT pin. Setting 
pin RB6 low allows the lower 10-bits to be latched in, and 
then the entire data word can be programmed into the 
configuration memory. 

Note: The data must be loaded high byte first and then 
low byte. 

A description of the memory mapping schemes for 
normal operation and programming mode operation is 
shown in Figure 1.0. After the configuration memory is 
entered, the only way to get back to the user program 
memory is by exiting the program/verify mode. 

1.2.2.2 Load Data for Program Memory 

After receiving this command, the RB7 pin is set high, 
and the data can then be latched into the chip. A timing 
diagram for the load data command is shown in Figure 
1.2.2.2. 

1.2.2.3 Load Data for Data Memory 

After receiving this command, the RB7 pin is set high, 
and the data can then be latched into the chip. When a 
'Begin Programming' command is issued following this 
command, the data will be programmed into the data 
memory. 

1.2.2.4 Read Data from Program Memory 

After receiving this command, the chip will transmit data 
bits out of the program memory currently accessed (user 
or configuration) on the second rising edge of the clock 
input after pin RB7 has been set high. When the clock 
is taken high for the second time after RB7 is set high, 
the clock must remain high until all of the data has been 
read out. The high or low data words can be accessed 
while the clock is high by setting RB6 high or low, 
respectively. The pins RA<3:0>, and RB<5:0> go into 
output mode on the second rising clock edge, and they 
will revert back to input mode (hi-impedance) when the 
clock is set low. A timing diagram of this command is 
shown in Figure 1.2.2.3. 

1.2.2.5 Read Data from Data Memory 

After receiving this command, the chip will transmit data 
bits out of the currently accessed data memory location 
in a fashion identical to that of the read command for 
program memory. 

1.2.2.6 Increment Address 

The PC is incremented when this command is received. 
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FIGURE 1.2.2.1 ·DATA IN/OUT FORMAT 

RA3 RAO!RB5 RBO[RA3 RAO RB5 ........ ABO 

i101e111sj1s14!13121110[0 e 16s4321 o[ 
High Low 

14 bits used in PIC16C84 when reading or 
writing to test or user program memory 

RA3 RAO!RB5 RBO!RA3 RAO RB5 ........ ABO 

i 10 1s 11 1s !1s 14 13 12 11 10 I 0 a 1 s s 4 3 2 1 o I 
High I Low 

v~---~ 

8 bits used in PIC16C84 when 
reading or writing data memory 

FIGURE 1.2.2.2 • LOAD DATA FOR PROGRAM MEMORY COMMAND (PARALLEL PROGRAM/ 
VERIFY) 

1 µs min. 200 ns min. Next Command 

(c~~ ____ ___,n,_· ___ tdly_4 __ __,· h,__ __ __,n 1----
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' ' ' 
, 
I 
I RBS I I l 

(Hl/l.Obyte ~ \ 0 ~----· 
select) : : tset1 : 1 ... : .... : th'-ld_1 ___ __, ----· 

RB7~~~~~ 
!DATA/~ 

COMMAND) i , 
tset2tj 

500ns 
min. 

: :L.+-J 
: 500ns 
• min. 

~~ 
I 1 I I 

~ lhld2 tset1 ~ 

~ns 500ris' 
: min. min. 

; 

I 
I 
I 
I 
I 
I 
I 
I 
I 

command data data 

\_ __ ___ 

RB<3:1>~~~~0010~~~~~ ~~~ ~~~m 
tset3 ~ thld3 

'-+-' 
' ' ' ' ' ' .__.__, 
100ns 
min. 100ns 

min. 
d~ta data 

RA<3:0>~~~~~~~~~~ ' ~~ ~~m RB<5:4> lQ(; ~ /'QI 
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FIGURE 1.2.2.3 - READ DATA FROM PROGRAM MEMORY COMMAND 
(PARALLEL PROGRAMNERIFY) 

RT 
(clock) 

VIHH 

' 

11.1smin. 
tdly4 

11.1smin. Next Command 

tdly4 

RBS 
(Hl/[Q) ~ /1 

' I ' 

' i : 
lhld2 

~oi.~· 
me~5~s !, : thld2 tset2 ~ 

min. min. 

command i : ---+- tdly6 

~~------------'-:~------<c:::: RB <3:1> 

~ tdly5 -+-L- : 
100ns : : : 
min. , : : 

' ' RA<3:0> 
RB<5:4> 

RBO 
~>-----------~------<c:::: 

1.2.2. 7 Begin Programming 

A load command must be given before every begin 
programming command. Programming of the selected 
memory (configuration memory, user program memory 
or data memory) will begin after this command is re
ceived and decoded. The programming time is specified 
to be 10ms. The OSC2 pin will go high when the 
programming is completed (only in parallel mode). 

1.2.2.8 Bulk Erase Program Memory 

After this command is performed, the next program 
command will erase the entire program memory. The 
erase time is specified to be 10ms. 

If the address is pointing to user memory, only the user 
memory will be erased. 

If the address is pointing to the test program memory 
(2000h - 200Fh), then both the user memory and the test 
memory will be erased. The configuration word will not 
be erased, even if the address is pointing to location 
2007h. 

1.2.2.9 Bulk Erase Data Memory 

After this command is performed, the next program 
command will erase the entire data memory. The erase 
time is specified to be 1 Oms. A description of the 
sequence of these two commands is shown in Figure 
1.2.2.4. 

FIGURE 1.2.2.4- BULK ERASE DATA MEMORY AND BEGIN PROGRAMMING COMMANDS 

RT 
(clock) --------< 

: Next 
:Command 

(HI~ -------'-X'---------------T-~-----------
RB7 : 

__ (DAIN~ ' 
OOMMAND) ' : tset2LJ 

100ns 
min. 

0 

o; 6™™' 
:...:thld2 µ 
~OOns 
:min. 

.. tprog 

~ 0 ) 

command command 
RB<3:0> ~------------->@X----------'--

tset1 ~thld1 

100ns 
min. 
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1.3.1 AC/DC TIMING REQUIREMENTS FOR PROGRAMNERIFY TEST MODE 

AC/DC CHARACTERISTICS, Standard Operating Conditions 

POWER SUPPLY PINS Operating temperature Os TA s +70'C, unless otherwise stated 

Operating voltage 4.5V s Voo s 5.5V, unless otherwise stated 

Characteristic Sym Min Typ Max Units Conditions/Comments 

General 
Supply voltage VDDP 4.5 5.0 5.5 v 
during programming 
Supply voltage Voov Voo min. Voomax. v Note 1 
during verify 
High voltage on MCLR and VIHH 12 14.0 v Note2 
RT for test-mode entry 
Supply current (from Voo) during IDDP 50 mA 
program/verify • Supply current from VIHH IHH 1 mA 
J!>nMCL~ 
MCLR rise time (Vss to VHH) tvHHR 1.0 µs 
for test mode entry 
(RB6, RB7) input high level VIH1 0.8 Voo v Schmitt trigger input 
(RB6, RB7) input low level VIL1 0.2VDD v Schmitt trigger input 
RB<7:4> setup time before tsetO 100 ns 

MCLRt (test mode selection 
pattern setup time) 
RB<7:4> hold time after thldO 100 ns 
MCLRt (test mode selection 
pattern hold time) 

Serial ProgramNerlfy 
Data in setl!Q_ time before cloc~ tset1 100 ns 
Data in hold time after clock.J.. thld1 100 ns 
Data input not driven to next tdly1 1.0 µs 
clock input (delay required 
between command/data or 
command/command) 
Delay between clock.J.. to clockt tdly2 1.0 µs 
of next command or data 
Clockt to data out valid (during tdly3 80 ns 
read data 

Parallel Pr~ramNerlfy_ 
Data in setl!Q_ time before clock.J.. tset3 1 ~ 
Data in hold time after clock.J.. thld3 1 µs 
RB6 and RB7 setup time before tset1 1 µs 
clock.J.. 
RB6 and RB7 hold time after thld1 1 µs 
clock.J.. 
RT (clock).J.. to RT (clock)t tdly4 2 µs 
RB7 (data/command select tset2 1 µs 
iQQ_u!}_ set~ before RT J_clochl_ t 
RB7 (data/command select thld2 1 µs 
input) hold time after RT (clock).J.. 
RT (clock)t to data out valid tdly5 1 µs 

(cont.) 

@ 1994 Microchip Technology Incorporated ~ [J®0 o ®il o [Ji)ifil rrw DS30189C-page 9 

3-33 



PIC16C84 Programming Specification 

1.3.1 AC/DC TIMING REQUIREMENTS FOR PROGRAMNERIFY TEST MODE 
(Cont.) 

AC/DC CHARACTERISTICS, Standard Operating Conditions 

POWER SUPPLY PINS Operating temperature O ~TA~ +70'C, unless otherwise stated 
Operating voltage 4.5V ~ Voo ~ 5.5V, unless otherwise stated 

Characteristic Sym Min Typ Max Units Conditions/Comments 

Parallel Pr~am/Ver~ont:l_ 
RB6 (hi/lo select) valid to data tdly6 100 ns 
out valid 
Programming pulse width tprog 10 ms 
Time delay from program to tdis 0.5 µs 
compare (HV discharge time) 

Note 1: Program must be verified at the minimum and maximum Voe limits for the part. 
Note 2: VIHH must be higher than Voo + 4.5V to stay in programming/verify mode. 

2.0 CONFIGURATION FUSES 

The PIC16C84 has five configuration fuses, which are 
EEPROM bits. These fuses can be programmed (reads 

FIGURE 2.0.1 ·CONFIGURATION WORD 

12 5 

'O') or left unprogrammed (reads '1') to select various 
device configurations. 

bitO 

[ l cPJPWRTEI WOTEJFosc1JFosco] Addr: 2007h 

L J_ 
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OSC selectjon fuses· 

FOSC1, FOSCO: 

00 : LP oscillator 

01 : XT oscillator 

1 O : HS oscillator 

11 : RC oscillator 

WOT enable fuses: 

WOTE = 1: WOT enabled 

WOTE = 0: WOT disabled 

Power-up timer enable fuse: 

PWRTE = 1 power-up time enabled 

PWRTE = O power-up timer disabled 

Code protection fyse· 

CP = 1 code protection off 

CP = O code protection on 

Unimplemented. Read as 'i's. 
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2.2 Code Protection 

The code in the program memory and data in the data 
memory can be protected by programming the code 
protect fuse (CP). 

When code protected, the contents of the program 
memory cannot be read out in a way that the program 
code can be reconstructed. It is also not possible to read 
outthe contents of the data memory. In addition, it is not 
possible to program any memory locations (data or 
program) while code protection is on. 

2.2.1 VERIFYING A CODE-PROTECTED PIC16C84 

When code protected verifying any program memory 
location will read a scrambled output which looks like 
·oooooooxxxxxxx• (binary) where Xis 1 or o. To verify 
a device after code protection, follow this procedure: 

a. First, program and verify a good device without code 
protecting it. 

b. Next, blow its code protection fuse and then load its 
contents in a file. 

c. Verify any code-protected PIC16C84 againstthis file. 

Date memory can not be verified after code protection. 

2.3 IP Locations 

Four memory locations (2000h - 2003h) are designated 
as ID locations where the user can store checksum or 
other code - identification numbers. These locations are 
not accessible during normal execution but are readable 
and writable during program/verify. 

It is recommended that the user use only the lower7-bits 
of the ID locations and always program the upper 7-bits 
as '1's. 

2.2.2 DISABLING CODE-PROTECTION 

It is recommended that the following procedure be 
performed before any other programming is attempted. 
It is also possible to tum code protection off (code protect 
fuse = 1) using this procedure; however, all data within 
the program memory and the data memory will be 
erased when this procedure is executed, and thus, the 
security of the data or code is not compromised. 

Procedure to disable code protect: 

a. Execute load configuration (with a '1' in bit 4, code 
protect). 

b. Increment to fuse location (2007h) 

c. Execute command (0001 - RB<3-0>) 

d. Execute command (0111 - RB<3-0>) 

e. Execute 'Begin Programming' 

f. Wait 10ms 

g. Execute command (0001 - RB<3-0>) 

h. Execute command (0111 - RB<3-0>) 

3.0 EMBEDDING DATA EEPROM 
CONTENTS IN HEX FILE 

The programmer should be able to read data EEPROM 
information from a hex file and conversely (as an option) 
write data EEPROM contents to a hex file along with 
program memory information and fuse information. 
The 64 data memory locations are logically mapped 
starting at address 21 OOh. 

4.0 PROGRAMMING ALGORITHM 
REQUIRES VARIABLE Voo 

The PIC16C84 uses an intelligent algorithm. The algo
rithm calls for program verification at Voe (min.) as well 
as Voe (max.). Verification at Voe (min.) guarantees 
good 'erase margin'. Verification at Voe (max) guaran
tees good 'program margin'. 

The actual programming must be done with Voo in the 
VDDP range (4.5 - 5.5V). 

VooP = Vee range required during programming. 
Voe min. = minimum operating Voe spec for the pert. 
Voe max. = maximum operating Voo spec for the part. 

Programmers must verify the PIC16C84 at its specified 
Voe max. and Voe min. levels. Since Microchip may 
introducefutureversionsofthe PIC16C84 with a broader 
Voe range, it is best that these levels are user selectable 
(defaults are ok). Any programmer not meeting these 
requirements may only be classlfled as "prototype• 
or "development" programmer but not a "produc
tion• quality programmer. 
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NOTES: 
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MICROCHIP PIC17CXX 
PI Cl 7CXX EPROM Memory Programming Specification 

1.0 PROGRAMMING THE PIC17CXX 

The PIC17CXX is fundamentally programmed using the 
TABLWT instruction with the table pointer pointing to an 
internal EPROM location. Therefore, a user can pro
gram an EPROM location while executing code (even 
from internal EPROM). 

For the convenience of a programmer developer, a 
'program & verify' routine is provided in the on-<:hip test 
program memory space, the program resides in ROM 
and not EPROM. Therefore, it is not erasable. The 
'program/verify' routine allows the user to load any 
address, program a location, verify a location or incre
ment to the next location. It allows variable program
ming pulse width. 

1.1 Hardware Requirements 

Since the PIC17CXX under programming is actually 
executing code from 'boot ROM', clock must be pro
vided to the part. Furthermore, the PIC17CXX under 
programming may have any oscillator configuration 
(EC, XT, LF or RC). Therefore, the external clock driver 
must be able to overdrive pulldown in RC mode. CMOS 
drivers are required since the OSC1 input has a Schmitt 
trigger input with levels (typically) of 0.2 Voo and 0.8 
Voo. See the PIC17C42 datasheet (DS30073) for exact 
specifications. 

The PIC17C42 requires two programmable power sup
plies, one for Voo (2.0V to 6.5V recommended) and one 
for VPP (12V to 14V). Both supplies should have a 
minimum resolution of 0.25V. 

2.0 HOW TO ENTER 
PROGRAMMING MODE 

To execute the programming routine, the user must hold 
TEST pin high, RA2, RA3 must be low and RA4 must be 
high (alter power-up) while keeping MCLR low and then 
raise MCLR pin from VIL to VIHH (Voo or VPP). This will 
force FFEOh in the program counter and execution will 
begin at that location following reset. Execution is forced 
to Internal mode by overriding fuse configuration. The 
code protect fuse is not overwritten. The program 
immediately polls port RB<7:0> to detemiine a branch 
address. Presenting Elh on port RB will cause the 
program to jump to and execute the 'program/verify' 
routine. 

The sequence that enters the device into the program
ming/verify mode places all other logic into the reset 
state (the MCLR pin was initially at VIL). This means that 
all 1/0 are in the reset state (High impedance inputs). 

© 1994 Microchip Technology Inc. 

FIGURE A - 40L PDIP, CERDIP WINDOW 
PINO UT 

Voo 40 RDOIAD8 

RCO/ADO 2 39 RD1/AD9 

RC1/AD1 3 38 RD2/AD10 

RC2/AD2 4 37 RD3/AD11 

RC3/AD3 5 36 RD4/AD12 

RC4/AD4 6 35 RD5./AD13 

RC5./AD5 7 34 RD6/AD14 

RC6/AD6 8 "tJ - 33 RD7/AD15 

RC7/AD7 9 0 32 MCLRIVPP 

Vss 10 ... 31 Vss 

RBO/CAP1 11 ...... 30 REOIALE 

RB1/CAP2 12 0 29 RE1JOE 

RB2/PWM1 13 >< 28 RE2/WR 

RB3/PWM2 14 >< 27 TEST 

RB4/TCLK12 15 26 RAO/INT 

RB5.ITCLK3 16 25 RA1/RT 

RB6 17 24 RA2 

RB7 18 23 RA3 

OSC1/CLKIN 19 22 RA4/RX/DT 

OSC2/CLKOUT 20 21 RA5.ITX/CK 

PORTB (RB) has internal weak pull-ups which are active 
during the programming mode. When TEST pin is high, 
Power-On Reset and Oscillator Start-up Timers are 
disabled. 

2.1 PROGRAMNERIFY MODE 

The program/verify mode is intended for full-feature 
programmers. This mode offers the following capabili
ties: 

a. Load any arbitrary 16-bit address to start pro
gram and/or verify at that location. 

b. Increment address to program/verify the next 
location. 

c. Allows arbitrary length programming pulse width. 
d. Following a 'verify' allows option to program the 

same location or increment and verify the next 
location. 

e. Following a 'program' allows options to program 
the same location again, verify the same location 
or to increment and verify the next location. 

DS30139F-page 1 
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FIGURE 2.1.1 - PROGRAMMINGNERIFY STATE DIAGRAM 

2.1.1 LOADING NEW ADDRESS 

The program allows new address to be loaded right out 
of reset. A 16-bit address is presented on ports RB (high 
byte) and RC (low byte) andthe RT is pulsed (0-+ 1, then 
1 -+ 0). The address is latched on the rising edge of RT. 
See timing diagrams for details. After loading address 
the program automatically goes into a 'verify cycle'. To 
load a new address at any time, the PIC17C42 must be 
reset and this programming mode re-entered. 

FIGURE 2.1.2 - PIC17C42 PROGRAM MEMORY MAP 

0000 On chip 
Program 
EPROM 

07FF 

FEOO Fuses 
FEOF 

FFFF 
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Pulse RT 
(Raise RT 
afterlNTJ.) 

Pulse INT 
(INT pulse 
width is 
programming time) 

2.1.2 VERIFY COR READ\ MODE 

'Verify mode' can be entered from. 'Load address' 
mode, 'program mode' or 'verify mode'. In verify mode 
pulsing RT will tum on ports RB and RC output drivers 
and output the 16-bit value from the current location. 
Pulsing RT again will increment location count and be 
ready for the next verify cycle. Pulsing INT will begin a 
program cycle. 

2.1.3 PROGRAM CYCLE 

'Program cycle' is entered from 'verify cycle' or pro
gram cycle' itseH. After a verify, pulsing INT will begin a 
program cycle. 16-bit data must be presented on ports 
RB (high byte) and RC (low byte) before INT is raised. 

FOSCO FEOO 

FOSC1 FE01 

FWD TO FE02 

FWDT1 FE03 

FPMMO FE04 

Reserved FE05 

FPMM1 FE06 

FE07 

FEOB 
Reserved 

FE09 

FEOF 
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The data is sampled 3 Tcy after the rising edge of INT. 
Programming continues for the duration of INT pulse. 

At the end of programming the user can choose one of 
three different routes. If RT is kept low and INT is pulsed 
again, the same location will be programmed again. This 
is useful for applying over programming pulses. If RT is 
raised before INT falling edge, then a verify cycle is 
started without address increment. Raising RT after INT 
goes low will increment address and begin verify cycle on 
the next address. 

TABLE 3.0.1 - MAPPING OF CONFIGURATION FUSES 

Fuse Address 

3.0 CONFIGURATION FUSES 
Configuration fuses are programmable EPROM bits 
that can be programmed (reads 'O') or left unpro· 
grammed (reads '1') to select between options (e.g. 
operating modes). For simplicity of programming they 
are mapped into program memory. Each fuse is 
assigned one program memory location. In erased 
condition a fuse will read as '1 '. To program (or 'blow') 
a fuse, the user needs to write to the fuse address. The 
data is immaterial; the very act of writing will blow the 
fuse. The fuses and their address are shown in the 
table below. The programmer should not program 
(i.e. not write a 'O') the reserved locations to avoid 
unpredicatable results and to be compatible with 
future variations of the PIC17C42. 

Function 

FOSCO FEOOh FOSC1, FOSCO = 00 : LF oscillator mode 
FOSC1 FE01h 01 : RC oscillator mode 

10 : XT oscillator mode 
11 : EC (external clock mode) 

FWOTO FE02h FWOT1, FWOTO = 10 : WOT prescale is 256 
FWOT1 FE03h 01 : WOT prescale is 64 

11 : WOT prescale is 1 
00 : WOT is off (normal timer) 

FPMMO FE04h FPMM1, FPMMO = 00 Microcontroller mode (code protected) 
FPMM1 FE06h 

3.1 Reading Configuration Fuses 

For simplicity, reading any fuse in address range FEOO: 
FE07h will read all eight fuse values in the lower byte and 

10 : Microcontroller mode 
01 : Extended micrcontroller mode 
11 : Microprocessor mode 

all 1 's in the upper byte. Fuse located at FEOOh will 
show up in bit O and so on. 

1 1 1 reserved FPMM1 reserved FPMMO FWDT1 FWDTO FOSC1 FOSCO 

When code protected, reading any program memory 
location will read out a scrambled output '0000 0000 xxxx 
xxxx" (binary) where x = 0 or 1. To verify a device after 
code protection follow this procedure: 

© 1994 Microchip Technology Inc. 
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bitO 

a. First, program and verify a device without code 
protection. 

b. Next, blow its code protection fuse(s) and read it into 
a file. 

c. Verify any code protected PIC17C42 against this 
this file. 

DS30139F-page 3 
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FIGURE 4.0.1 - PROGRAMMING ROUTINE FLOWCHART 

RA2=0 
RA3=0 
RA4=1 

MCLR=1 
Bport=E1H 

(hold for 10 T cy) 

Present address on ports 
RB, RC hold Tcy 

after RT changes to 1 

Read MSB of data 
from port-B. 

Read LSB of data 
fromport-C. 

Enable INT to end 
prog cycle 

Program 16 bit 
data 

B & C ports not 
driven by part 

If programming is desired, 
force port B = MSB of data 
force port C = LSB of data 

(hold 10Tcyc after 
INT is raised) 

Increment 
Address 

'-JilllllllBlllplllollllrtllll=llllxxxlllllllllllllllllllilll - B port is forced by the part 

B port = MSB of Data 
C port = LSB of Data 

DS30139F-page 4 

/ B port = xxx I -B port is tri-state, should be forced by user 

Min RT high or low= 10 Tcy 
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FIGURE 5.0.4 • POWER-UP/DOWN SEQUENCE FOR PROGRAMMING 

~----->,ST---~~ 
; tvpL2vcrJ\~---
:.. •: 

L SS \! 
----;---~-~r~:------->' '~------

.' : : ( 
-~:-: _____ _..)r-------------

'' "-----
<:: 
'' 
" ( 

~~.......;--~:-: _____ __,_)'<-------------
' ' ' ' ' ' '' '' 
: : ( ___ _,_~"-"1-~-~:~:-------'I)~------------
'' ' ' ' ' 
" ( ___ _,_~ ......... -------~;~;--------")""-------------
' ' ' ' '' " ( ___ _...,..~~--7---ii~i-----___,_)~------------
" ( 

-~~:~· -~)~~~~-

ElH Hr-------------
~ 
' 

tmcH2rbI: 

DS30139F·page 8 © 1994 Microchip Technology Inc. 

3-44 



PIC17CXX Programming Specification 

6.0 AC/DC SPECIFICATIONS FOR PROGRAMMING 

Standard Operating Conditions (unless otherwise stated) 

Operating temperature 10·c s; TA S:+40"C 
Operating voltage 4.5V <Vee <5.5V 

Characteristic Sym Min Typ Max Units Conditions 

Programming voltage VPP 12.5 13.5 v Note 1 
on VPP/MCLR_E!n 
Programming current IPP 25 50 mA 
on VPP/MCLR _E!n 
Supply voltage during VDDP 4.5 5.0 5.5 v 
programming 
Osc/clockin frequency FOSCP 4 10 MHz 
during programming 
Instruction cycle Tev 1 0.4 µs Tev = 4/FOSCP 
Supply current during IDDP 30 mA Freq= 10 MHz, Voo = 5.5V 

_E!Ogramming_ 
Supply voltage during Voov Voo min. Voomax. v Note2 
ver!!l_ 
INT,RT,RA2,RA3,RA4 tirV2tsH 1 µs 
set~ before TESTi 
TESTi to MCLRi ttsH2mcH 1 J1S 
RC<7:0>, RB<7:0>valid tbcV2irH 0 µs 
to RT or INTi :Address/ 
Data ii:!E_ut setl!I!_ time 
RT or INTi to RB<7:0>, tirH2bcl 10Tcy µs 
RC<7:0> invalid; 
Address datahold time 
RT J. to RB<7:0>, RC<7:0> trtL2rbcZ 8Tcy 
high impedance 
RTi to data out valid trtH2bcV 10~ 
PrQgrammiQ!l.J?_ulse width !Q!"Qg_ 10 100 1000 J1S 
INT, RT h.!g!l _j)_ulse width lirH2irL 10~ J1S 
INT, RT low j>_Ulse width tirL2irH 10Tcy_ J1S 
RTi before INTJ. (to go trtV2inL 0 µs 
from prog cycle to verify 
w/o incremen!l_ 
RT valid after INT (to tinL2rtl 10Tcy µs 
select increment or no 
increment going from 

_E._rQgram to ve~cle 
VPP setup time before tvpps 100 µs Note 1 
INTi 
VPP hold time after INT J. tv~h 0 J1S Note 1 
Voo stable to TESTi tvdV2tsH 10 ms 
RB input (E1 h) valid to trbV2mcH 0 µs 
VPPIMCLRi 
RB input (E1h) hold after tmcH2rbl 10Tcy ns 
VPP/MCLRi 
Voo power down after tvpL2vdL 10 ms 
VPP power down 

Note 1: VPP/MCLR pin can be kept at VPP level {12.5V - 13.5V) at times other than programming. 
Note 2: Program must be verified at the minimum and maximum Voo limits for the part. 

C 1994 Microchip Technology Inc. DS30139F-page 9 
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7.0 PROGRAMMING ALGORITHM 
REQUIRES VARIABLE Voo 

The PIC17CXX uses an intelligent algorithm. The 
algorithm calls for program verification at Voo (min.) as 
well as Voo (max.). Verification at Voo (min.) guaran
tees good •erase margin". Verification at Voo (max) 
guarantees good •program margin". Three times (3X) 
additional pulses will increase program margin then 
beyond Voo (max.) and insure safe operation in user 
system. 

The actual programming must be done with Voo in the 
VDDP range (4.5 - 5.5V). 

VooP = Voo range required during programming. 
Voo min. = minimum operating Voo spec for the part. 
Voo max. = maximum operating Vee spec for the part. 

DS30139F-page 10 
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Programmers must verify the PIC17CXX at its specified 
Voo max. and Voo min. levels. Since Microchip may 
introduce future versions of the PIC17CXX with a broader 
Voo range, it is best that these levels are user selectable 
(defaults are ok). Any programmer not meeting these 
requirements may only be classified as •prototype' or 
"development• programmer but not a •production• qual
ity programmer. 

© 1994 Microchip Technology Inc. 
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FIGURE 7.2 - RECOMMENDED PROGRAMMING ALGORITHM 

Start 

Load new data 

Set Voo = VDDP 

Program using 1 OOµs 
pulse increment 

pulsEH:Ount 

Verify location for 
correct data 

Issue "Blank check fail" 
error message 

Programming error: 
Issue error message 

"Fail verify @ Voo min/max" 

Yes 

No 

Set voo = voo max. 
Verify location(s) 

Set Voo = Voo min 
Verify location 

Apply (3 x Pulse-count) 

>----------I more 100 µs programming 
pulses for margin 

(Over programming) 

No 

Location fails 
programming, issue error 

message "Unable to 
program location• 
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NOTES: 
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MICROCHIP 

SQTP Specification 
for PIC16C5X 

SQTP™ (Serialized Quick Turn Programming) Specification for PIC16CSX 

OVERVIEW 
Serialization is a method of programming PIC16C5X 
microcontrollers whereby each chip is programmed with 
a slightly different code. Typically, all locations are 
programmed with the same basic code except for a few 
continuous bytes which are programmed with a different 
number (referred to as 'key' or 'ID number' or 'serial 
number') in each member. Typical applications of such 
programming are remote transmitters for car alarms or 
garage door openers where each unit must have a 
different access code. 

Microchip offers a flexible SQTP program, whereby a 
customer can simply specify the nature of serialization. 
The 'serial number' generation and programming will be 
taken care of by the factory. 

1.0 DEVICES CURRENTLY SUPPORTED 
PIC16C54 osc type=XT, RC, LP, HS Packages=PDIP, SDIC 
PIC16C55 osc type=XT, RC, LP, HS Packages=PDIP, SOIC 
PIC16C56 osc type=XT, RC, LP, HS Packages=PDIP, SOIC 

PIC16C57 osc type=XT, RC, LP, HS Packages=PDIP, SOIC 

Other device types are being added. Please consult a 
Microchip representative or Microchip sales person. 

2.0 SERIALIZATION SCHEME 
SUPPORTED 

2.1 Locations: 
The serial number must reside in continuous locations 
with up to eight locations used. Furthermore these 
locations must be coded as 8NN (RETLW NN, where 
NN=8-bit random code ) in the finished product. For 
details on how the RETLW instruction is typically used 
for serialization purposes, please see Appendix A. The 
customer code must be supplied without the serial code 
in these locations. These locations must be 8FFh in the 
customer code provided to Microchip. Microchip will 
insert the serial code at these locations during program
ming. Hex files must be in Intel hex 8-bit merged format. 
See Appendix B for details. 

2.2 Numbering Schemes: 

Random: Truly random numbers are generated. How
ever, there is no guarantee that the numbers will be non
repeating although the probability of such an occurrence 
will be infinitesimally small for a reasonably large field. 

Pseudo-Random*: Pseudo-random sequences of re
quested length (e.g. 32-bit long if four locations are 
used) starting with a 'seed value' selected by the factory. 
The customer may optionally specify the starting value. 

@1994 Microchip Technology Incorporated 
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Pseudo-random sequences, by definition are non-re
peating. See Appendix C for polynomials used to 
generate the numbers. 

Seqyentjal: Sequential numbers are generated. User 
specifies the 'starting number' and an increment value. 
In sequential numbering, the least significant digit is in 
the lowest memoiy location. The increment value must 
be between 1 and 255. 

Numbers are always in hex and not in BCD or any other 
format. 

3.0 PROGRAMMING SEQUENCE 
The factory will program the 'basic code' first, then 
program the serial number and finally program the code
protection fuse. Programmemorywillbeverifiedateach 
stage except after code protection. Optionally, the 
factory may choose to program the 'basic code' and the 
'serial number' at the same time. The customer may 
specify an ID number (four hex digits) to be programmed 
in the ID locations or elect to leave them unprogrammed. 

4.0 SAMPLES 
Three (3) verification samples will be provided. These 
will be programmed with factory selected random or 
sequential codes in the serialization locations. The 
three parts will be programmed with three different serial 
codes. If order entry has been completed, then the 
samples will reflect the first three codes. If code protec
tion is requested, then one of the three samples will be 
code protected. 

5.0 THE FOLLOWING LIMITATIONS 
APPLY TO THE SQTP PROGRAM 

1. During shipment of serialized parts, no particular 
sequence can be guaranteed. 

2. In sequential or pseudo-random numbering scheme, 
there may be missing serial numbers (e.g. due to QC 
sampling). 

3. A list of serial numbers programmed can not be 
provided, nor will such a list be generated or main
tained by Microchip. 

4. For sequential and pseudo-random numbering 
schemes, Microchip will maintain last number used 
in last shipment and use the next number as the 
starting numberforthe next shipment. The customer 
should be prepared to provide a "new starting num
ber' in the event the flow is disrupted due to unfore
seen events. 
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APPENDIX A 

Implementing a table in the program memor:y of 
PIC16C5X: 

The PIC16C5X uses Haivard architecture, in which the 
program memory is separate from data memory. All 
instructions operate on data that is fetched from the 
register file or data memory. Since there are no instruc
tions to read from or write to the program memory, 
simply storing data words in program memory is of no 
use. There is, however, a simple and elegant way to 
implement constant tables in the program memory by 
using the RETLW instruction. This instruction returns 
from a subroutine as well as loads an 8-bit constant into 
the W register. The following example shows how to get 
a byte of "serial information" from the table stored at 
location OOOh in PIC16C54: 

ORG 0 
numbers 

RETLW OFFh 

RETLW OFFh 

RETLW OFFh 

RETLW OFFh 

RETLW OFFh 

RETLW OFFh 

RETLW OFFh 

RETLW OFFh 

0 

0 

main__prog ORG XYZ 
program 

0 

0 

;store serial 

;end of serial 
;numbers 

;This is main 

MOVLW byte_num ;byte_num = 0 for 
1st ;byte 

CALL get_1byte 

0 

0 

get_1byte MOVWF PC 

0 

0 

0 

END 

05301540-page 2 

;write W to program 
;counter 

;W = offset = 0 for 
;1st byte 

;end of get_1byte sub 
;routine 
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The next example shows how a· serial number may 
reside at location other than OOOh. 

main__prog ORG XYZ 
program 

;This is main 

1st 

get_1byte 

0 

0 

MOVLW byte_num ;byte_num = 0 for 
;byte 

CALL get_1byte 

0 

0 

ADDWF PC 

RETLW Offh 

RETLW Offh 

RETLW Offh 

RETLW Offh 

RETLW Offh 

RETLW Offh 

RETLW Offh 

RETLW Offh 

0 

0 

END 

;W = offset 

;end of serial 
;numbers 
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APPENDIX B 

Standard hex file format for serial programming: 

The hex file containing the 'serial numbers' will be in Intel 
hex 8-bit format. Since the PIC16C5X has 12-bit data 
words, all addresses are doubled in this hex format. 
Each line of the hex file will be for a new part. Each line 
can contain only up to 16 bytes (i.e. eight PIC16C5X 
instruction words). The format is as follows: 

:NNAAM TTHHHHHH ...... HHCC 

where: 

NN byte count on current line (max 10h allowed) 

AAAA = address in four hex digits 

TT record type, always 00 except 01 for EOF 

HH Two digit hex data byte 

CC Two digit hex checksum 

© 1994 Microchip Technology Incorporated 
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APPENDIXC 

Pseudo-random numbers are generated using 
modulo-2 primitive polynomials. This method guaran
tees to produce a sequence of maximal length, i.e., cycle 
through all possible sequence of n bits before it repeats. 
By providing a seed value as the initial bit pattern (the 
only combination not used is all O's), one can get 2"-1 
random bits before the sequence repeats itself. Micro
chip will only support pseudo-random serial numbers for 
bit lengths 8, 16, 24, 32, 40, 48, 56 and 64 (i.e., 1-8 
locations). The polynomials used are: 

8bit: x"+x4+x3 +x2 +1 

16 bit: x1•+x5 +x3+x2 + 1 

24bit: X24 +x4+x3+x+ 1 

32bit: x32 + x7 + x5 + x3 + x2 + x+ 1 

40bit: X"'°+X5 +x4+X3 + 1 

48bit: x46 + x7 + x5+ x4 + x2 + x+ 1 

56 bit: x56 + x7 + x4+ x2 + 1 

64 bit: x64+x4+x3+x+1 

To implement the 8-bit polynomial requires XO Ring the 
non-zero bits of the polynomial (shown as a shift register 
below) and shift on the resetting bit back into the shift 
register. 

8 I 1 I • Is ICEQ)l 1 rep 
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MICROCHIP MTA11200 
llillijGMXJE},, Intelligent Battery Management I.C. 

FEATURES 

• Digitally integrates battery charge and discharge 
current to provide an accurate state of charge indica
tion 

• Operates wtth NiCd, NiMH, or Lead Acid battery 
packs containing as few as three cells 

• Provides real-time battery data via a single-wire 
intertace 

Remaining capacfy in percentage 

Total Capacfy in mA-Hr 

Battery Voltage 

Battery Temperature 

- Battery Current 

• -IN, t. Tldl, or maximum voltage fast charge termina
tion 

• Provides three overcharge protection mechanisms: 

Elapsed time fast charge termination 

Over and Under Temperature protection 

Over-Voltage protection 

• Automatically measures and updates the total ca
pacity of the bait ery 

• Automatic battery condttioning requests at regular 
intervals based on usage 

FIGURE A· PIN CONFIGURATIONS 

PDIP,SOIC 

- Voo 28 CLR -- VDD 2 27 osc1-
N/C 3 26 osc2-

- Vss 4 25 IDLE-
N/C 5 s: 24 crs-

--RXD 6 ~ 23 P80 -

- TXD 7 ... 22 P60 -
- SCL 8 ... 21 CHG-
-sDA 

N 
LEDREQ-9 0 20 

- ISENC 10 0 
19 EODV .,.. 

-BATVC 11 18 DISREQ-
-TEMPC 12 17 RAMP-
-REFC 13 16 ZERO-

-P20 14 15 P40-

TrueGauge name and logo are trademarks of Microchip Technology Inc. 

BENEFITS 

• Provides accurate, real-time battery capacity infor
mation 

• Extends battery life through automatic, regular condi
tioning cycles 

• Permits use of an inexpensive current source for 
battery charging 

• Allows rapid and reliable battery recharging with 
multiple backup safety mechanisms 

• Avoids errors due to battery noise, variations in load 
current, and deep discharge situations 

• Provides total capacity data to help detect imminent 
battery failure 

• Assists in efficient power management 

SSOP 

- Vss 28 CLR --voo 2 27 osc1-
-voo 3 26 osc2-
-voo 4 25 IDLE-
-RXD 5 s: 24 cTs-
-Txo 6 ~ 23 P80 -
-scL 7 ... 22 P60 -
-so A 8 ... 21 CHG-

N 
- ISENC 9 0 20 LEDREQ-
-BATVC 10 0 19 EODV-
-TEMPC 11 18 DISREQ-

- REFC 12 17 RAMP-
-P20 13 16 ZERO-

- Vss 14 15 P40-

The microcode contained in this product is copyrighted ©1993, all rights reserved. 

© 1g94 Microchip Technology Inc. ~O'®~olJiJilaDilfillli'W 
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MTA11200 

DESCRIPTION 

The MTA11200 is the heart of a simple, low-cost, yet 
fully featured solution to battery monitoring and charg
ing. It is designed to operate with either nickel cadmium, 
nickel-metal hydride, or lead acid battery packs. 

By digitally integrating battery charge and discharge 
current the MT A 11200 accurately determines the 
battery's state of charge. The battery's total capecity is 
automatically measured and factored into the state of 
charge calculation. Thus, an accurate indication of per
centage of battery capacity remaining is detennined. 

Automatic total capacity measurement occurs during 
battery conditioning cycles when the battery is cycled 
from full charge to full discharge. The MTA11200 re
quests conditioning cycles at regular intervals based on 
battery usage to extend battery life. Additionally, the 
MTA 11200 continually monitors battery condition and 

can output the following battery parameters via RS-232 
1-wire interface or optional 3-wire bi-directional serial 
link: remaining capacity, total capacity, voltage, current, 
temperature, error flag, etc. 

The MTA 11200 is a 28-pin low power CMOS integrated 
circuit. Combined with a few simple external compo
nents, a complete battery maintenance system can be 
realized. 

APPLICATIONS 

The MTA11200 is ideally suited for use in portable 
computers, portable video equipment, cellular phones, 
and other products relying on rechargeable battery 
technology. The MTA 11200 excels in applications where 
an accurate "fuel gauge" is desired to prevent interrup
tion in use or data loss due to insufficient battery power. 

0540104C-page 2 ~ll'®llHllililHIIillIDll'W 
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1.0 PIN DESCRIPTIONS 

PIN NAME TYPE 

TXD Output 

RXD Input 

CTS Output 

SCL QC-Output 

SDA Input/Output 

REFC Input 

BATVC Input 

TEMPC Input 

ISENC Input 

ZERO Output 

RAMP Output 

DISREQ QC-Output 

EODV QC-Output 

CHG Input/Output 

LEDREQ Input 

P20 QC-Output 

P40 QC-Output 

P60 QC-Output 

P80 QC-Output 

IDLE Output 

OSC2 Output 

OSC1 Input 

CLR Input 

Voo Pwr 

Vss Gnd 

l2C is a trademark of Philips Corporation. 

© 1994 Microchip Technology Inc. 
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DESCRIPTION 

RS-232 transmit data 9600,N,8, 1. The MTA 11200 transmits command 
responses and measured battery data to a host via this pin 

RS-232 receive data 9600,N,8, 1. The MTA 11200 receives commands 
and data from a host via this pin. This pin can be a no-connect if the 
MTA 11200 is operating in the transmit only (broadcast) mode 

RS-232 clear to send output. The MTA 11200 signals that it is ready to 
receive a command from the host via this pin. This pin can be a no
connect if the MTA11200 is operating in the transmit only mode 

12C™ format serial clock to an external Serial EEPROM 

l2C format serial data to and from external Serial EEPROM 

Reference voltage comparator sense input 

Battery Voltage comparator sense input 

Temperature comparator sense input 

Charge and Discharge Current comparator sense input 

Comparator offset compensation control 

AID voltage ramp control 

Discharge request output for external charger/discharger control. Ac
tive low when battery discharge cycle is requested. Inactive tristated 

Battery at End Of Discharge Voltage output, active low, inactive 
tristated 

Charge request output and host or charger present input. When in 
output mode, fast charge request is active low when capacity is less 
than value stored in EEPROM. Inactive tristate. In input mode charger 
present is indicated when input is high. A 100K pull down is required. 
Externally pulled high to command ON (as opposed to STANDBY) 
mode 

LED request switch input for momentary contact switch. Enables LED 
outputs for -1.75 seconds when input goes low 

Battery >20% full, LED drive, active low, inactive tristated 

Battery >40% full, LED drive, active low, inactive tristated 

Battery >60% full, LED drive, active low, inactive tristated 

Battery >80% full, LED drive, active low, inactive tristated 

Standby mode output, shuts down external circuits, active high 

4.0 MHz ceramic or crystal oscillator output 

4.0 MHz ceramic or crystal oscillator input 

Power on reset input 

DS401 D4C-page 3 
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MTA11200 

2.0 OVERVIEW 
The MTA 11200 detennines the state of charge of a 
battery by integrating all the current going into and out of 
a NiCd, NiMH, or Lead Acid rechargeable battery pack. 
Compensation factors that adjust for battery non-linear
ity and environmental conditions are continuously ap
plied to the state of charge calculation. The MTA 11200 
also perfonns the charge controller function of a battery 
charging system. It can directly control a "dumb" current 
source charging supply to provide both a high current 
fastchargeandalongtennmaintenance(trickle)charge. 
The battery's state of charge is communicated by the 
MTA11200's four LED outputs and by a 9600 baud 
RS-232 serial link. Additionally, battery voltage, current, 
temperature, measured total capacity, and history infor
mation are available via the RS-232 link. 

System control parameters that are stored in an external 
EEPROM allow the operation of the MTA11200 to be 
customized for use with a wide variety of battery types 
and sizes. There are approximately 35 programmable 
system parameters stored in 128 bytes of external 
EEPROM. These parameters are listed alphabetically 
and described in detail In Section 5.0. 

2.1 STANPBY State 

The MTA 11200 has two states of operation; the ON 
state and a low power STANDBY state. The MTA11200 
enters the STANDBY state when it senses that the 
battery is not connected to any extemal equipment (via 
the CHG pin) and therefore is not in use. In this low 
power state, the battery voltage, temperature, and cur
rent flow are measured at 138 second intervals. The 
MTA 11200 compensates for battery seH-discharge by 
adjusting the state of charge indication based upon the 
temperature and the battery's available charge. The 
seH-discharge compensation factors are highly pro
grammable and allow the MTA 11200 to accurately com
pute the decay in the battery's available charge for a 
wide variety of different battery types. In this STANDBY 
state, the battery's charge state can be communicated 
via the four LED outputs. The MTA 11200's RS-232 linkis 
disabled when in the STANDBY state to conserve power. 

2.2 ON State 

Exiting the STANDBY state and entering the "ON'' state 
occurs when a connection to extemal equipment is 
detected. This indicates that the battery is in use or is 
being charged. The ON state is entered when the CHG 
pin is sampled at a high level. The CHG pin is sampled 
ata 1.75 second rate and the MTA11200can be easily 
forced into the "ON'' mode when the battery's host 
equipment is powered up or when the battery is con
nected to a charger. Battery voltage, temperature, and 
current flow are sampled at 1. 75 second intervals in this 
state. 

2.3 Monitoring and Charging System 

The MTA 11200 is designed as the main controller l.C. in 
a battery monitoring and charging system. Additionally, 
a few other components are required to implement an 
entire system. A Serial EEPROM that uses standard PC 
interface is required. Control parameters that customize 
the MTA 11200 for a particular battery type and applica
tion are stored in the Serial EEPROM. Additionally, the 
actualbatterycapacitythatismeasuredbytheMTA11200 
is routinely updated and stored in the EEPROM. The 
analog-to-digital conversion technique used by the 
MTA 11200 is a timed voltage ramp system that uses an 
extemal quad comparator. This combination provides 
hlghly accurate conversions across a wide dynamic 
range of input levels. For example, the current measure
ment range is typically 5000:1 for charge or discharge 
current. 

OS40104C-page 4 !F'IJ'@Oallilllall'il®ll'W 
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3.0. FUNCTIONAL DESCRIPTION 

3.1 Charge State Indicator 

The MTA 11200 indicates the present state of charge in 
percentage relative to a full (100%) charge. The total 
capacity of the battery pack is measured and used as the 
reference value for calculating the present state of 
charge. The total capacity is obtained by numerically 
integrating discharge current only, over a complete 
discharge cycle. A separate numerical integration is 
performed using both charge and discharge currents. 
The result of this integration in relation to the measured 
capacity determines the present state of charge of the 
battery. 

3. 1.1 Measured Battery Capacity 

Total battery capacity is automatically determined by 
measuring and integrating the total discharge current 
delivered by the battery during any uninterrupted (by 
charge current) and complete discharge cycle. This 
helps maintain the accuracy of the charge state indica
tion over the life of the battery. 

An automatic capacity measurement cycle begins when 
the battery is charged to its 100% capacity point. This 
occurs when fast charging is terminated by the 
MTA11200's internal charge controller. Additionally, if 
the MTA 11200 receives a Start Capacity Measurement 
command, !tallows the discharge measurement cycle to 
begin by defining the present state of the battery as the 
100% capacity point. 

Now, integration of the discharge current begins when 
measurable discharge current flows from the battery. 
The MTA11200 may enterthe STANDBY state and not 
cause the measurement cycle to abort. However, a 
complete and uninterrupted discharge cycle must occur 
following the start of discharge. If, after the start of 
discharge, the battery discharge current is reduced to 
zero, or if charge current is detected, the measurement 
cycle will be aborted. 

If the discharge cycle continues until the battery reaches 
the programmed (in EEPROM) End Of Discharge Volt
age (EODV), the capacity measurement cycle is com
pleted. This measured battery capacity replaces the 
value previously stored in EEPROM at location MEACAP 
and becomes the new basis for the charge state calcu
lation. From this point forward the MTA11200 will inte
grate all charge and discharge current and calculate 
battery self-discharge rates in relation to the stored 
measured capacity. 

Long term accuracy of the state of charge calculation is 
maintained by regularly referencing known battery ca
pacity points. When the fast charge termination point is 
detected, the state of charge indicator will be adjusted to 
indicate 100% capacity remaining. When the battery 
voltage reaches the end of discharge voltage point 
during discharge, the state of charge indicator will be 
adjusted to 0% if necessary. Additionally, the indicated 
battery capacity is restricted to a 0% to 100% range. 

MTA11200 

3.1.2 Nominal Battery Capacity 

The MTA 11200 reserves storage space for the battery's 
nominal (rated) capacity in the EEPROM at address 
NOMCAP. The MTA11200 does not use this value for 
any calculations. It is included so that a smart host may 
query the MTA 11200 for the measured battery capacity 
andthe nominal battery capacity. The host can then alert 
the user of impending battery •wear out" or failure. 

3.1.3 Compensation Factors 

The MTA 11200 applies several compensation factors to 
the state of charge calculation. Compensation is re
quired to maintain an accurate state of charge indication 
due to battery non-linearity and changing environmental 
conditions. These compensation factors are stored as 
lookup tables in the EEPROM. 

When the battery is being charged, the charge current is 
integrated and the state of charge indication is calcu-
lated. However, since battery charging is not a 100% 

4 efficient operation, compensation is applied to the state 
of charge calculation. Charge efficiency is adjusted 
based upon the battery's present state of charge and it's 
temperature. Since most charging sources charge at a 
fixed rate, a separate compensation table for charge 
rate versus charge efficiency is not included. The com-
pensation required for this rate is usually factored into 
the programmable temperature compensation versus 
charge efficiency table in EEPROM. 

Sell-discharge compensation occurs when the 
MTA11200 Is in the STANDBY state. The MTA11200 
measures the temperature once every 138 seconds and 
applies seif-discharge compensation based on the tern· 
perature and the battery's state of charge. The seif· 
discharge compensation factors are stored in a lookup 
table SDFT(31-0) in EEPROM. 

Accuracy is improved by not applying compensation 
factors to the state of charge calculation when the 
battery is discharging. The MTA 11200 maintains accu· 
racy by avoiding the cumulative application of compen· 
sation factors to both the measured capacity discharge 
cycle and subsequent discharges. Since the measured 
capacity is based upon an actual measured discharge 
cycle that typically occurs during actual use in the host 
equipment, the discharge rate is automatically factored 
into the state of charge calculation. 

© 1994 Microchip Technology Inc. lj2JIJ'®0HllililHllil®ll'W 
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3.2 Charge Controller 

The MTA 11200 can control the complete charging regi
men for several popular types of rechargeable batteries. 
Nickel Metal Hydride (NiMH), Nickel Cadmium (NiCd), 
and Lead Acid (Pb) batteries are all supported. The 
internal charge controller is designed to interface via a 
single wire to a "dumb" constant current source, thus 
forming· a complete charging system. Two modes of 
charging are provided, a high current fast charge mode 
anda low current maintenance (or trickle) charge mode. 
Several "fail·safe" backup mechanisms are provided to 
ensure that the fast charge mode is not allowed to 
continue indefinitely. Fail·safe mechanisms for mainte
nance charge mode are also included to allow termina
tion of all charging if the battery voltage or temperature 
is out of range. 

3.2.1 Fast Charge 

The fast charge mode is designed to allow high current 
rapid charging of a battery pack. Several techniques for 
fast charge termination are supported. They are: nega· 
tive delta voltage (·AV), rate of change in temperature 
with respect to time (dT/dt) and absolute voltage. Typi
cally, ·AV termination is used with NiCd batteries, dT/dt 
is used with NiMH batteries, and voltage detection is 
used with lead acid (Pb) batteries. The MTA 11200 uses 
one of these principal fast charge termination methods 
based upon the data in EEPROM location BATINFO. 
BATINFO is read immediately following apoweron reset 
or during execution of a reset .command. 
The MTA11200 will request fast charging via the CHG 
pin when the battery's state of charge is less than the 
percentage value programmed in EEPROM location 
TONCHG. Once fast charging begins, TONCHG has no 
effect. Fast charging will continue until the program
mable limit for the selected principalfast charge method 
is reached or exceeded. Fast charging can also termi· 
nate if any one of the fast charge fail-safe limits are 
exceeded. Maintenance charge mode will always be 
entered after the fast ~e mode terminates. Addition
ally, the LED outputs P20,P40,P60 and PBO are always 
enabled and indicating the battery state of charge when 
the MTA 11200 is requesting fast charge and the battery 
is receiving fast charge current, regardless of the state 
of the LEDREQ input pin. 

3.2.2 Fall-Safe Mechanisms 

The MTA 11200 provides several programmable fail
safe mechanisms. Temperature limits for both over
temperature and under-temperature are stored in 
EE PROM locations MAXTFC and MINTFC respectively. 
Fast charging will not be allowed if the battery tempera
ture exceeds the over-temperature limit or is less than 
the under-temperature limit. Fast charging will begin or 
resume when the temperature falls within these limits. 

Overvoltage and under-voltage protection is also pro
vided by the MTA 11200. The charge request is termi
nated if the battery voltage exceeds the value stored in 
EEPROM address MAXTV. Fast charge is prevented 
when battery voltage is less than the value stored in 
EEPROM locatio11 EODV. 

DS40104C-pege 6 

A fast charge timer provides additional protection by 
limiting the amount of time that the fast charge mode 
may be active during any one charging cycle. This timer 
runs anytime fast charge mode is active. If the timer 
value exceeds the maximum fast charge time limit 
programmed in EEPROM at address OVTIM, the state 
of charge indication is set to 100%, the timer is turned off 
and is reset, and fast charge mode is terminated. 

3.2.3 Maintenance Charge Mode 

The maintenance charge mode allows the battery to 
continue charging and remain at or near a 100% state of 
charge during periods of discharge inactivity. The amount 
of current provided to the battery is determined by the 
external "dumb" current source. Fail-safe limits for bat
tery over-temperature (MAXTMC) and under-tempera
ture (MINTMC), as well as battery overvoltage (MAXTV), 
can all suspend maintenance mode charging. Mainte
nance charging can resume when battery conditions fall 
back within the fail-safe limits. 

3.2.4 External Charge Current Source Control 

The charge rate is controlled by the CHG pin. The CHG 
pin is driven high when the MTA 11200 is requesting 
maintenance (trickle) charge current. When driven low 
fast charge current is requested. 

The CHG pin is also used to force the MTA 11200 into the 
ON state. This pin is sampled (i.e. becomes an input) 
once every 1.75 seconds. If the CHG pin is sampled 
high, then the MTA 11200 is forced into the ON state. If 
it is sampled low, then no action is taken and the 
MTA 11200 enters the standby state. 

3.2.5 AV Fast Charge Termination 

The MTA11200's proprietary -AV algorithm makes ex
tensive use of filtering, signal processing techniques, 
and heuristics to avoid premature charge termination 
and to retain high sensitivity. The -AV termination thresh· 
old is programmable and is stored in EEPROM at 
location NOV. 

3.2.6 dT/dt Fast Charge Termination 

The MTA11200's dT/dt algorithm is designed to use an 
external thermistor to detect the rapid rise in tempera
ture that rechargeable batteries exhibit when full charge 
is reached. The MTA11200 measures the battery tem
perature and calculates the rate temperature rise with 
respect to time and compares this value to the pro
grammed DTDT threshold stored in EEPROM. When 
fast charging begins the measured dT/dt rate is allowed 
to exceed the programmed DTDT threshold for three 
minutes without causing a fast charge termination. There
after, the MTA 11200 will terminate fast charge mode if 
the measured dT/dt rate meets or exceeds DTDT and 
the dT/dl rate is increasing. 

© 1994 Microchip Technology Inc. 



3.2.7 VoHage Detection Fast Charge Termination 

When programmed for voltage detection fast charge 
tennination, which is typically used with lead acid batter
ies the MTA11200 will terminate fast charge mode 
wh~n the battery voltage meets or exceeds the limit 
programmed in EEPROM location LAFCV. This should 
not be confused with the MTA11200 fail-safe over
voltage mechanism that will remove all charge current 
requests if a maximum voltage limit (MAXTV). is ex
ceeded. The MAXlV limit is a backup mechanism for 
fast charge termination and is always enabled. The 
LAFCV is a primary charge tennination limit and is only 
active when voltage detection fast charge tennination is 
enabled. 

3.3 AID Conversion 

The MTA 11200 uses a highly accurate timing system to 
control a timed voltage ramp analog-to-digital converter. 
Battery current, voltage and temperature are sampled 
every 1. 75 seconds when the battery is in use. 

FIGURE 3.3 ·AID CONVERSION PRINCIPLE 

Current 
Source 

= 

Comparator 

MTA11200 

Each measurement cycle begins by performing a com
parator offset correction procedure. First the ZERO pin 
is driven high. Approximately 200 ms later an internal 
timer begins counting and the RAMP pin is driven from 
a low to a tristated condition. Next, the MTA11200 
monitors the ISENC,and REFC inputsforastatechange 
from low to high. The elapsed time until the state change 
occurs is recorded for both inputs. The total duration of 
this offset correction measurement is constant and 
takes approximately 650 ms 

The measurement cycle continues and the AID conver
sion starts when the ZERO pin is driven to a low state. 
An internal timer begins counting and the RAMP pin is 
driven from a low to a tristated condition. Next, the 
MTA11200 monitors the BATVC, ISENC, TEMPC, and 
REFC inputs for a state change from low to high. The 
elapsed time until the state change occurs is recorded 
for each input. The duration of this measurement cycle 
is constant and takes approximately 650 ms These 
elapsed time measurements form the basis for the AID .. 
conversions. Figure 3.3 illustrates this fonn of analog-to- , 
digital conversion. 

MTA11200 

tri : j_J_ ___ -i1--------------------------------------1L_M_T_A_1_1_20_0 Ramp Pin 

sv 

OV 

:: j-l-----+------jl ~ T- ~ K I 
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3.3.1 AID Calibration 

Calibration factors for each AID input are stored in the 
Serial EEPROM. These factors compensate for compo
nent tolerances and drift for the external circuits. ·Typi
cally, the.calibration. fai::tors are determined and pro
grammed into the Serial EEPROM once the external 
circuits are connected to the MTA11200 (i.e. at board 
assembly). After calibration, the MTA 11200 based sys
tem is ready for use. Normally, it is then mated to a 
battery pack. 

An "AID Reference Poinf' is set during the calibration 
process. It allows the MTA 11200 to adjust for variations 
in the external voltage ramp overtime and temperature. 
The elapsed time value for the REFC input is stored in 
the EEPROM when the Set AID Reference Point com
mand is received. Typically, this command is only used 
once in the life of the TrueGauge system and usually 
occurs as the first step in the calibration process. During 
normal operation, the elapsed time valuesforthe BA TVC. 
ISENC, and TEMPC inputs are compensated for the 
difference in the present value of REFC and the stored 
"AID Reference Poinf' value for REFC. Note, since the 
REFC inpUt is used for drift compensation of the external 
voltage ramp, the other input of the comparator is kept 
at a constant voltage potential. 

Gain values for battery current, voltage, and tempera
ture inputs are stored in the EEPROM. 

Offset correction factors are also stored for the BATVC 
andTEMPC inputs. The offset measurementthat occurs 
when the ZERO pin is driven high determines the •zero" 
point for the ISENC input and eliminates the need for an 
offset correction factor for this input. 

Typically, the voltage, current, and temperature gain 
factorsin EEPROMaresetequaltoonepriortoperform
ing a calibration procedure. Also, the offset factors for 
voltage and temperature calculations are usually set to 
zero. Next, two known values of current (usually O mA 
and -1000 mA) are applied and the measured values 
reported by the MTA 11200 are recorded. A current gain 
correction factor is then calculated from the known 
values of current versus the reported values. This cor
rection factor is then written into the EEPROM. 

Correction factors for voltage and temperature mea
surement are determined in a similar manner. Addition
ally, offset factors for voltage and temperature are 
required to ensure that the zero temperature point and 
the zero voltage point are correct. 

During normal operation the MTA 11200 uses all of these 
calibration factors to accurately compute the physical 
quantities of voltage, current, and temperature from the 
elapsed time measurements. 

3.4 Communication 

The MTA11200 communicates battery status informa
tion via a 9600 baud RS-232 serial link. It can operate as 
a transmit only device via a single wire connected to the 
TXD pin and a ground return. Or; bidirectional commu
nication can occur via a three wire interface that uses the 
TXD, RXD, and CTS pins. Utilizing thethree wire bidirec
tional mode during initial system calibration, and then 
switching to the single wire transmit only mode when the 
device is mated to a battery pack provides both a flexible 
and low cost battery monitoring solution. 

A data broadcast mode is provided that is especially 
useful when a single wire interface is desired. The 
MTA11200 will transmit battery status data spontane
ously when broadcast mode is enabled by setting the 
system parameter BRDINTVL to a nonzero value. 
BRDlNTVL sets the interval between these data broad
casts. The amount of data that is sent during the broad
cast can either be a single byte that indicates the 
battery's state of charge in percent, or a 16 byte data 
packet that gives complete information about the bat
tery. The system parameter REPMODE controls the 
amount of data that is broadcast. 

Alternately, the three wire interface method uses a CTS 
handshake protocol that allows a host device to poll the 
MTA 11200 for battery status data. Additionally, several 
commands are available that can be sent to the 
MTA 11200 that allow the host to access the system 
control parameters stored in the EEPROM and perform 
other control functions. 

3.4.1 Data Format 

The following data format is broadcast by the MTA11200 
whentransmittingdatatothehost. This9600baud8,N,1 
RS-232 serial data format utilizes a 10-bit data frame 
that consists of 8 bits of message data and two control 
bits. All data to and from the MTA 11200 is binary coded. 

Data Frame Format: 

~ Description 

Start Bit (always 1) 

2 Message Data Bit O , lsb 

3 Message Data Bit 1 

4 Message Data Bit 2 

5 Message Data Bit 3 

6 Message Data Bit 4 

7 Message Data Bit 5 

8 Message Data Bit 6 

9 Message Data Bit 7, msb 

10 Stop Bit (always 0) 

DS40104C-page 8 ~ll'@OH!Jililalfil~ll'W 
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3.4.2 Battery Parameter Data Packet 

When transmitting the complete set of battery status 
information, the MTA 11200 transmits the following 
16-byte data packet: 

Byte (1) = Battery Voltage in mV (lsb) 

Byte (2) = Battery Voltage in mV (msb) 

Byte (3) =Battery Temperature in °C (lsb) 

Byte (4) = Battery Temperature in °C (msb) (signed) 

Byte (5) = Battery Current magnitude in mA (lsb) 

Byte (6) = Battery Current magnitude in mA (msb) 

Byte (7) = Battery State of Charge in % 

Byte (8) = Battery Error Byte 

Byte (9) =Battery Capacity in mA-hr (lsb) 

Byte (10) =Battery Capacity in mA-hr (msb) 

Byte (11) =Reserved 

Byte (12) = Reserved 

Byte ( 13) = Battery Status Byte 

Byte (14) =Measured dT/dt rate• 

Byte (15) = Reserved 

Byte (16) = Reserved 

To translate the battery data into physical quantities 
apply the following equations and decodes. 

Battery Voltage in volts = 

(Byte(2) • 256) + Byte(1) ) / 1000 

Battery Temperature in °C = 

(Byte(3) / 256) + Byte(4) 

Battery Current in Amps= 

(Byte(5) + (256 * Byte(6) ) ) / 1000 

Battery Capacity in Amp-hours = 

(Byte 9 + (256 *Byte(10))) / 1000 

Measured dT/dt rate in degrees Celsius per minute = 
Byte (14) / 32 

• Note: Byte 14 of the data packet is only valid when the 
MTA 11200 is configured to use dT/dtfast charge 
termination, otherwise this byte is undefined 
(refer to Section 5.1) 

MTA11200 

Battery Error Byte: 

Bit Description 

o Fast Charge Time Out Error, 1 =true, O =false 

1 Low Temperature Error, 1 =true, O =false 

2 High Temperature Error, 1 =true, O =false 

3 Reserved 

4 Overvoltage Error, 1 = true, O = false 

7,6,5 0,0,1 =SOC below Low Battery Alarm (Low 
BAT) Limit (refer to Section 5.13) 

7,6,5 0, 1,0 = SOC below Critical Battery Alarm 
(CRITBA T) Limit (refer to Section 5.5) 

7,6,5 0,1,1 =SOC below Battery Shutdown Alarm 
(SHUTDN) Limit (refer to Section 5.29) 

7,6,5 1,0,0 =SOC below EODV Limit (refer to Sec
tion 5.7) 

percent • 
SOC = Indicated Battery State of Charge in • 

Battery Status Byte: 

§ii. Description 

o Sign of Current, 1= Charging, O =Discharging 

Reserved 

2 

3 

4 

5 

6 

7 

Reserved 

Reserved 

Charge Current Request, 1 = tum on current, 
O = tum off current 

Capacity Measurement Request, 1 = true, 
O=false 
Capacity Measurement in Progress, 1 = true, 
0= false 

Fast Charge Request, 1 = Fast charge, 
O = maintenance charge 

@ 1994 Microchip Technology Inc. llilll'®~Hll'ililllll'il~ll'W 
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4.0 COMMANDS 

TABLE 1 ~COMMAND SUMMARY 

Command Code, Data 

Read EEPROM byte FO,XX 

Write EEPROM byte F1,XX,YY 

Send State of Charge (SOC) F2 

Send Finnware Revision F3 

Send Battery Data F4 

reserved FS 

reserved F6 

Execute Self-test F7 

Start Capacity Measurement Cycle F8 

Clear Battery Errors F9 

Initialize EEPROM FA,XX, ... ,XX 

Reset FB 

Set AID Reference Point FC 

Toggle EEPROM Lock FD 

High Speed Read EEPROM FE 

Force Capacity to 100% FF 

4.1 Read EEPROM Code: FOhJOCh 

This command reads one Serial EEPROM byte at the 
specified address. Upon receiving this command, the 
MTA 11200 issues a read command to the Serial 
EEPROM via the 12C bus. The Serial EEPROM re
sponds with the data at the specified address. The 
MTA11200 receives the serial EEPROM's response 
and In tum transmits this data in RS-232 fonnat on the 
TXDpin. 

4.2 Write EEPROM Code: FOh.XXh 

This command writes one byte of data to the Serial 
EEPROM at the specified address. Then a read of the 
EEPROM address is perfonned and the read data is 
transmitted back to the host. This adds additional secu
rity to the write operation by allowing the host to quickly 
verify that the data was written correctly. 

When the WRITE EEPROM command is received the 
MTA11200 issues a write command to the Serial 
EEPROM on its l2C bus port (SCL and SDA). The 
MTA 11200 then issues a read command to the Serial 
EEPROM via the l2C bus. When the Serial EEPROM 
responds with the data at the specified address the 
MTA 11200 forwards the serial EEPROM's response to 
the host by transmitting this data in RS-232 fonnat on 
theTXD pin. 

0540104C-page 1 o 

Units 

XX= Address 

XX= Address 
VY= Data 

Percentage 

Rev. Number (Hex) 

16 bytes, mixed data types (see text) 

n/a 

n/a 

n/a 

n/a 

n/a 

128 bytes 

n/a 

n/a 

n/a 

128 bytes 

n/a 

4.3 Send State Of Charge Code:F2h 

The MTA 11200 will transmit a single byte that indicates 
the battery's internal state of charge in response to the 
Send State of Charge command. This byte is limited to 
the range from Oto 64h inclusive and indicates from 0% 
to 100% state of charge. 

4.4 Send Firmware Revision Code: F3h 

In response to this command the MTA 11200 will trans
mit a single byte that indicates the internal finnware 
version and revision. The most significantfour bits of this 
byte represent the version number and the least signifi
cant four bits indicate the revision status. 

Note: There is no predefined correlation between the 
firmware version and the MTA11200 revision 
status as physically marked on the LC. 
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4.5 Send Battery Data Code Code: F4h 

The MTA11200 transmits a 16-byte data packet in 
response to this command. This data provides complete 
infonnation about the present status of the battery. The 
data packet is defined as follows: 

Byte (n) Battery Data 

1 Voltage LSB 

2 Voltage MSB 

3 Temperature LSB 

4 Temperature MSB 

5 Current LSB 

6 Current MSB 

7 State of Charge 

8 Error Byte 

9 Measured Total Capacity Byte 1 

10 Measured Total Capacity Byte 2 

11 Reserved 

12 Reserved 

13 Flag Byte 

14 Measured dT/dt 

15 Reserved 

16 Reserved 

4.6 Start Capacity Code:F8h 
Measurement Cycle 

This command forces the initiation of a battery capacity 
measurement sequence in the MTA11200 controller. 
First the internal discharge count register is cleared. 
Next, the MTA 11200 will total all discharge current until 
the programmed End Of Discharge Voltage (EODV) is 
reached or the discharge is aborted (i.e. charge current 
is detected or current goes to zero). If the discharge is 
aborted then this capacity measurement cycle is aban
doned. Otherwise, the measured total capacity is copied 
to the internal total capacity register and is also written 
to system parameter MEACAP in the EEPROM. 

4.7 Clear Battery Errors Code: F9h 

This command clears the error bits in the Battery Error 
Byte. The Time-out Error, Under-temperature Error, 
Over-temperature Error, and Overvoltage bits are all 
reset to zero. Additionally, if an error bit was set prior to 
receipt of the Clear Battery Errors command the associ
ated error counter in EEPROM will be incremented when 
the error bit is reset. For example, if a Clear Battery 
Errors command is executed when the Over-tempera
ture error bit in the Battery Error Byte issetthen the Over
temperature error bit in the Battery Error byte will be 
reset andthe error counter HITER RS in EEPROM will be 
incremented. 

MTA11200 

4.8 Initialize EEPROM Code:FAh 

This command is used to initialize the MTA11200 sys
tem parameters in external EEPROM. The MTA11200 
accepts 128 bytes of data that will be written sequentially 
into the EEPROM starting at location 0. The MTA11200 
suspends all operations while receiving this data and 
writing it to the EEPROM. This allows the EEP ROM data 
to be initialized at a much faster rate than using the 
single-byte Write EEPROM command. 

4.9 Reset Code:FBh 

This command initiates a power up reset sequence in 
the MTA 11200 controller. First, all internal registers and 
operating parameters are cleared. Next, the present 
state of charge is reset to zero percent and the total 
battery capacity is read from location MEACAP in 
EE PROM and nonnal operation begins. This command 
has the effect of driving the CLR pin from low to high. 

4.10 Set ND Reference Code: FCh 

This Set AID Referencecommandcausesthe MTA 11200 
to measure and record a reference point for the AID 
converter. The MTA 11200 maintains the A/D's high 
accuracy by using this reference point to compensate for 
drift in the AID circuits over time and temperature. This 
command is usually issued only once during the nonnal 
operating life of the battery monitoring system. It is 
normally issued as the first step of the AID calibration 
process. 

The MTA 11200 measures the amount of time that 
elapses from when it tristates the RAMP pin until the 
REFC pin goes to a high state. When the Set AID 
command is issued this value is then stored as the AID 
reference point in EEPROM at location REFVAL. Sub
sequently, during each conversion cycle the stored 
value is compared with the measured amount of time 
and all AID measurements are compensated accord
ingly. 

4.11 Reserved Commands Code:(Fxh) 

Command codes F5h and F6h are reserved and should 
not be sent to the MTA 11200. Unpredictable operation 
may result if the MTA11200 receives one or more 
reserved command codes. 

4.12 Unspecified Commands 

Command codes not in the range of FOh to FFh are 
unspecified. The MT A 11200 will completely ignore com
mand codes that are not within the range FOh to FFh. 

4.13 High Speed EEPROM Read Code: FEh 

This command reads 128 Serial EEPROM bytes starting 
with address 0. Upon receiving this command the 
MTA11200 enters a loop that reads a byte from the 
Serial EEPROM and transmits this data in RS-232 
fonnat on the TRANSMIT pin. The loop continues until 
all 128 bytes have been read and transmitted. Note that 
in response to this command the data is transmitted 
spontaneously and cannot delayed or interrupted. 

© 1994 Microchip Technology Inc. !Pir@~DD'ffilolfil@li'W 
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4.14 Toggle EEPROM Lock Code:FDh 

This command toggles the MTA11200's internal 
EE PROM Lock bit. The MTA 11200 responds by trans
mitting the new state of the EEPROM Lock where 00 
indicates locked and AA indicates unlocked. When 
locked all writes to the EEPROM are disabled except for 
writes to EEPROM addresses 20h through 2Fh. 

4.15 Force 100% Capacity 
Indication Code:FFh 

This command forces the percent capacity indication to 
be setto 100% to force the MT A 11200to behave as if the 
battery is fully charged. 

This command is provided to aid manufacturing testabil· 
ity of end products. 

4.16 Perform Self-test Code:F7h 

This command causes the MTA11200 to initiate aself
test sequence. Upon completion of the self-test se
quence a single byte will be transmitted to indicate a test 
pass (AAh) or fail (any non-AAh data). Two checks of 
external circuits are included in the self test sequence. 
The state of RAMP pin istestedat1 msand500msafter 
the RAMP pin is driven from a low to tristate by the 
MTA11200. The RAMP pin must be low at the 1 ms 
sample point and high at the 500 ms sample point for this 
test to pass. If these conditions are not satisfied the 
MTA 11200 will return a 01 H code indicating an AID ramp 
failure. 

Next, the LED outputs P20, P40, P60, and P80 are 
individually driven low in sequence starting with P20 for 
a period of 125 ms each. 
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5.0 CONFIGURATION PARAMETERS 

The MTA 11200 is designed to work in conjunction with 
an external Serial EEPROM that stores configuration 
parameters for the MTA 11200. The MTA 11200 commu
nicates with the Serial EEPROM via the SCL and SDA 
pins. Standard 12C bus communication protocol is used. 

The parameters that are stored in Serial EEPROM are 
variables that control the MTA11200's mode of opera-

MTA11200 

lion and variables that describe the characteristics of the 
battery that the TrueGauge is monitoring. These system 
parameters range from single-byte values to four-byte 
values. All multi-byte system parameters are stored in 
little endian (low byte first) format. 

All bvtes and bits declared as reserved must be pro
grammed to a value of zero (0). 

TABLE 2-SYSTEM PARAMETER STORAGE MAP FOR SERIAL EEPROM 

Addr(hex) Parameter Addr (hex) 

0 REVID 20 

1 BATINFO 21 

2 NOMCAP-lb 22 

3 NOMCAP-lmb 23 

4 NOMCAP-hmb 24 

s NOMCAP-hb 2S 

6 reserved 26 

7 reserved 27 

8 MAXTFC 28 

9 MINTFC 29 

OA MAXTMC 2A 

OB MINTMC 28 

oc reserved 2C 

OD MAX TV 20 

OE reserved 2E 

OF reserved 2F 

10 TONCHG 30 

11 CCCR 31 

12 USER 32 

13 USER 33 

14 USER 34 

1S USER 3S 

16 DTDT 36 

17 OVTIM-lb 37 

18 OVTIM-hb 38 

19 EODV 39 

1A NOV 3A 

1B LOW8AT 38 

1C CRITBAT 3C 

1D SHUTDN 30 

1E REPMODE 3E 

1F REPINTRVL 3F 

© 1994 Microchip Technology Inc. 

Parameter Addr(hex) 

TCC-lb 40 

TCC-hb 41 

TOERRS 42 

LOTERRS 43 

HITERRS 44 

HIVERRS 4S 

reserved 46 

reserved 47 

reserved 48 

reserved 49 

reserved 4A 

reserved 48 

MEACAP-lb 4C 

MEACAP-lmb 40 

MEACAP-hmb 4E 

MEACAP-hb 4F 

REFVAL- lb so 
REFVAL-hb S1 

VSC-lb S2 

VSC-hb S3 

VOC-lb S4 

VOC-hb SS 

ISC-lb S6 

ISC- hb S7 

TSC-lb S8 

TSC-hb S9 

TOC-lb SA 

TOC-hb SB 

reserved SC 

reserved SD 

LAFCV-lb SE 

LAFCV-hb SF 

~ll'@~ol1ililol1il®ll'W 
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Parameter Addr (hex) Parameter 

CESC(O) 60 SDFT(O) lb 

CESC(1) 61 SDFT(O) hb 

CESC(2) 62 SDFT(1) lb 

CESC(3) 63 SDFT(1) hb 

CESC(4) 64 SDFT(2) b 

CESC(S) 6S SDFT(2) hb 

CESC(6) 66 SDFT(3) b 

CESC(7) 67 SDFT(3) hb 

CESC(8) 68 SDFT(4) b 

CESC(9) 69 SDFT(4) hb 

CESC(10) 6A SDFT(S) b 

CESC(11) 68 SDFT(S) hb 

CESC(12) 6C SDFT(6) b 

CESC(13) 60 SDFT(6) hb 

CESC(14) 6E SDFT(7) b 

CESC(1S) 6F SDFT(7) hb 

CEFT(O) 70 SDFT(8) b 

CEFT(1) 71 SDFT(8) hb 

CEFT(2) 72 SDFT(9) b 

CEFT(3) 73 SDFT(9) hb 

CEFT(4) 74 SDFT(10) b 

CEFT(S) 7S SDFT(10) hb 

CEFT(6) 76 SDFT(11) b 

CEFT(7) 77 SDFT(11) hb 

CEFT(8) 78 SDFT(12) b 

CEFT(9) 79 SDFT(12) hb 

CEFT(10) 7A SDFT(13) b 

CEFT(11) 78 SDFT(13) hb 

CEFT(12) 7C SDFT(14) hb 

CEFT(13) 70 SDFT(14) hb 

CEFT(14) 7E SDFT(1S) hb 

CEFT(1S) 7F SDFT(1S) hb 
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5.0 CONFIGURATION PARAMETERS 
(LISTED IN ALPHABETICAL 
ORDER) 

5.1 BATINFO 

Battery Information Byte 

EEPROM Address 1 h 

Allowable Range 

Typical Value 

Stored Value 

Number of cells = 0 to 15 

NIA 
(See below) 

The battery infonnation byte specifies the number of 
series connected cells in the battery pack and the fast 
charge tennination technique being used. Parallel con
nected cells should only be counted as one cell. 

Stored Value: 

Bits 7-4: Number of cells in the battery pack (0-15) 

Bits 3-2: Reserved (unused) 

Bil 1: Voltage Limit Fast Charge Termination, 

1 = enabled, 0 = disabled 
Bil 0: Fast Charge Tenninalion Technique, 

1= dT/dt, 0 = -tN 

Bits O and 1 are mutually exclusive. If voltage limit fast 
charge tennination is enabled then bit O is ignored and 
-llV or dT/dt termination is disabled. 

5.2CCCR 

Charge Cycles between Capacity Measurement 
Requests 

EEPROM Address 11 h 

Allowable Range 

Typical Value 

Stored Value 

Oto 255 
5to 25 

Number of Charge Cycles 

The charge cycles between capacity measurement re
quests parameter specifies the number of full or partial 
charge cycles that occur before the MTA 11200 will issue 
a request for a battery capacity measurement cycle. 

This request is indicated in the flag byte of the battery 
parameter's data packet. An internal counter is 
incremented each lime fast charge mode is terminated 
by exceeding any of the following limits: dT/dt, -llV or 
absolute voltage. If a capacity measurement cycle 
successfully completes, then this internal charge cycle 
counter will be reset to zero. 

5.3 CESCCO 15) 

Charge Efficiency vs. State of Charge 

EEPROM Addresses 40h through 4Fh 

Allowable Range 

Typical Value 

Stored Value 

Oto 99.6% 

N/A 

(% Efficiency) • 25.6 

The charge efficiency versus state of charge table is a 
sixteen-byte lookup table. These compensation param
eters adjust for the less than 100% charge acceptance 
efficiency .that batteries display when charging. This 
table contains charge efficiency factors for the ranges of 
percent capacity from 0% to 3% and 90% to 100%, in 1 % 
increments. The capacity range from 4% to 89% is 
compensated with a single factor. Each entry in the table 
specifies charge efficiency as a fraction of 256. A value 
of 128 (07Fh) indicates 50% charge efficiency whereas 
a value of (OECh) indicates 92.2% charge efficiency. 

TABLE 3 • CHARGE EFFICIENCY VS STATE 
OF CHARGE COMPENSATION 

Addr Parameter Definition 

40h CESQ{Q}_ C1.!9. elf. for c1.!9. state 0% 

41h CES~ CIJ9. elf. for c1J9. state 1 % 

42h CES~ C1.!9. elf. for c1J9. state 2% 

43h CES~ CIJ9. elf. for clJ9. state 3% 

44h CESC(4) Chg elf. for chg state 4% to 89% 

45h CESC(5) Chg elf. for chg state 90% 

46h CESC(6) Chg elf. for chg state 91 % 

47h CESC(7) Chg elf. for chg state 92% 

48h CESC(8) Chg elf. for chg state 93% 

49h CESC(9) Chg elf. for chg state 94% 

4Ah CESC(10) Chg elf. for chg state 95% 

4Bh CESC(11) Chg elf. for chg state 96% 

4Ch CESg1~ C!!ll. elf. for c1.!9. state 97% 

4Dh CESC(13) Chg elf. for chg state 98% 

4Eh CESg_1~ C!}g_ elf. for clJg_ state 99% 

4Fh CESC(15) Chg elf. for chg state 100% 
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5.4 CEFT(0-15) 

Charge Efficiency versus Temperature 

EEPROM Addresses 50h through 5Fh 

Allowable Range 

Typical Value 

Stored Value 

Oto 100% 

NIA 
(% Efficiency) * 2.56 

The charge efficiency versus temperature table is a 
sixteen-byte lookup table. These compensation param
eters adjust for the decrease in charge acceptance 
efficiency that batteries typically exhibit as their tem
perature increases. This table stores compensation 
factors for a temperature range of 0°C to 60°C, in 4°C 
increments. Each entry in the table specifies charge 
efficiency as a fraction of 256, which indicates 100% 
charge efficiency. For example, a value of 128 (07Fh) 
indicates 50% charge efficiency and a value of 253 
(OFDh) indicates 98.8% charge efficiency. 

TABLE 4 - CHARGE EFFICIENCY VS CHARGE 
STATE COMPENSATION TABLE 

Add~ Parameter Definition 

50h CEFT(O) Chg elf. for temperature O °C 

51h CEFT(1) Chg elf. for temperature 4 °C 

52h CEFT(2) Chg elf. for temperature 8 °C 

53h CEFT(3) Chg elf. for temperature 12 °C 

54h CEFT_fil Chg_ elf. for tem_E>_erature 16 °C 

55h CEFT(5) Chg elf. for temperature 20 °C 

56h CEFT(6) Chg elf. for temperature 24 °C 

57h CEFT(7) Chg elf. for temperature 28 °C 

58h CEFT(8) Chg elf. for temperature 32 °C 

59h CEFT(9) Chg elf. for temperature 36 °C 

5Ah CEFT(10) Chg elf. for temperature 40 °C 

5Bh CEFT(11) Chg elf. for temperature 44 °C 

5Ch CEFT(12) Chg elf. for temperature 48 °C 

5Dh CEFT(13) Chg elf. for temperature 52 °C 

5Eh CEFT(14) Chg elf. for temperature 56 °C 

5Fh CEFT(15) Chg elf. for temperature 60 °C 

MTA11200 

5.5 CRITBAT 

Critical Battery Level 

EEPROM Address 1Ch 

Allowable Range SHUTDN < CRITBAT 
<LOWBAT 

Typical Value 3% 

Stored Value Integer limit in % 

A bit in the FLAG BYTE portion of the battery parameter 
data packet is set when the battery state of charge is less 
than the CRITBAT limit. The MTA11200 will indicate a 
critical battery level and mask off a low battery level 
indication in response to state of charge falling below 
this limit. Conversely, the critical level indication will be 
cleared and the low battery level alarm will be unmasked 
when the state of charge exceeds the CRITBAT limit. 
The programmed value of this parameter must be be
tween the limits set for the SHUTDN and LOWBAT 
parameters. 

5.6 DTDT 

Delta Temperature Delta Time 

EEPROM Address 16h 

Allowable Range 

Typical Value 

Stored Value 

0 to 7.97 °C/minute 

0.5 to 1.0 °C/minute 

(°C/minute) * 32 

This parameter specifies the rate of change in tempera
ture in degrees Celsius over a one minute interval that 
will terminate a fast charge request. For example, to set 
a 0.625 °C/minute rate tennination limit the DTDT stored 
value would be .625 *32 = 20. 

5.7 EODV 

End of Discharge Voltage 

EEPROM Address 19h 

Allowable Range 

Typical Value 

Stored Value 

O to 65.28 Volts 

NiCd (1.0V to 1.1V) *(#of cells) 

NiMH (1.0Vto 1.1V) * (#ofcells) 

Pb (1.7V to 1.8V) *(#of cells) 

(Limit in Volts) I 0.256 

The End Of Discharge Voltage parameter specifies the 
battery voltage when the battery is at 0% capacity. It is 
the value indicated by EODV is multiplied by 256mV to 
obtain the specified end of discharge voltage for the 
battery. This parameter establishes an end pointforthe 
battery state of charge calculation. It also prevents the 
MTA11200 from requesting fast charge when the bat
tery voltage is less than EODV. A typical value for both 
NiCd and NiMH battery packs is calculated by multiply
ing 1.05V times the number of cells in the battery pack. 
This fonnula assumes that the cells are electrically 
connected in a series fashion. 
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5.SHITERRS 

Over Temperature Errors 

EEPROM Address 

Allowable Range 

Typical Value 

Stored Value 

24h 

Oto 255 

0 
Number of Errors 

This parameter is incremented each time an Over Tem
perature Error, as defined by the MAXTFC or MAXTMC 
parameters, occurs and is acknowledged by a host via 
the RS-232 link. This error counter will be incremented 
immediately after the host issues a clear battery errors 
command if an over temperature error has occurred. 

5.9HIVERRS 

Over Voltage Errors 

EEPROM Address 25h 

Allowable Range 

Typical Value 

Stored Value 

Oto 255 

0 
Number of Errors 

This parameter is incremented each time an Over Volt
age Error, as defined by the MAXTV parameter, occurs 
and is acknowledged by the host. This error counter will 
be incremented immediately afterthe host issues a clear 
battery errors command if an over voltage error has 
occurred. 

5.10 ISC 

Current Slope Correction 

EEPROM Address 
Allowable Range 

Typical Value 
Stored Value 

36h (lsb) and 37h (msb) 

Oto 65535 
256 (100h) 
Current Gain • 256 

The Current Slope Correction factor provides a fixed 
gain that is applied to the AID conversion calculation of 
the battery current. Gain factors from 1/2S6 to 255 are 
available. This factor is normally detemnined when the 
AID converter is calibrated. A value of 1 OOh corre
sponds to a gain of 1.0. 

5.11 LAFCV 

Lead Acid Fast Charge Cutoff Voltage 

EEPROM Address 3Eh (lsb) and 3Fh (msb) 

Allowable Range 0 to 65.28V 
Typical Value Pb (2.5V to 2.7V) • number of 

cells 
Stored Value Volts/ 1000 

The Lead Acid Fast Charge Cutoff Voltage applies when 
voltage limit fast charge termination is specified by 
parameter BATINFO. This is a sixteen-bit (two-byte) 
value that indicates the temnination voltage in 1mV 
increments. A value of 13450 (348A HEX) specifies a 
13.340V temnination limit. 

Voltage limittemnination is generally the preferred method 
of fast charge termination used with lead acid batteries. 

5.12 LOTERRS 

Under Temperature Errors 

EEPROM Address 

Allowable Range 

Typical Value 

Stored Value 

23h 

Oto 255 

0 
Numbers of Errors 

This parameter is incremented each time an Under 
Temperature Error, as defined by the MINTFC or 
MINTMC parameters, occurs and is acknowledged by 
the host. This error counter will be incremented immedi
ately after the host issues a clear battery errors com
mand if an under-temperature error occurs. 

5.13 LOWBAT 

Low Battery Warning Level 

EE PROM Address 1 Bh 

Allowable Range CRITBAT < LOWBAT < 100% 

Typical Value 5% 

Stored Value Integer limit in % 

A bit in the ERRORBYTE portion of the battery param
eter data packet is set when the battery state of charge 
is less than the LOWBAT limit. This alamn sets the 
appropriate bit in ERRORBYTE. No other action by the 
MTA 11200 is taken in response to the alamn. The value 
of this parameter must be greater than the CRITBAT 
limit and less than 100%. 

5.14MAXTFC 

Maximum Temperature for Fast Charge 

EEPROM Address Sh 

Allowable Range O to 255 °C 
Typical Value 

Stored Value 

40 °Cto 50 °C 

Integer limit in °C 

Maximum Temperature for Fast Charge specifies the 
maximum temperature limit for fast charging. If the 
temperature exceeds this limit fast charging will be 
temninated. MAXTFC is an 8-bit (1-byte) value that 
indicates the temperature limit value in 1°C increments. 
For example, a value of 40 (28h) equals a 40 °C over 
temperature fast charge termination limit. 

5.15 MAXTMC 

Maximum Temperature for Maintenance Charge 

EEPROM Address OAh 

Allowable Range O to 255 °C 

Typical Value 50 °C to 60 °C 

Stored Value Integer limit in °C 

Maximum Temperature for Maintenance Charge speci
fies the maximum temperature limit for maintenance 
charging. If the temperature exceeds this limit all charg
ing will be temninated. MAXTFC is an 8 bit (1 byte) value 
that indicates the temperature limit value in 1 °C incre
ments. For example, a value of 50 (32h) equals a 50 °C 
over temperature charge temnination limit. 
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5.16 MAXTV 

Maximum Terminal Voltage 

EEPROM Address ODh 

Allowable Range 

Typical Value 

Stored Value 

O to 65.28 Volts 

NiCd (1.5Vto 1.7V) *(number of 
cells) 

NiMH (1.5Vto 1.7V) *(number of 
cells) 

Pb (2.8V to 3.0V) • (number of 
cells) 

(Limit in Volts) I 0.256 

Maximum Terminal Voltage specifies the maximum 
voltage allowed during charging. If the battery voltage 
exceeds this value then all charge requests, both fast 
and maintenance charging will be terminated and the 
CHG pin will be driven low. 

The actual terminal voltage is obtained by multiplying 
the value stored in MAXTV by 256mV. 

5.17MEACAP 

Measured Battery Capacity 

EEPROM Address 2Ch(lsb) through 2Fh(msb) 

Allowable Range 

Typical Value 

Stored Value 

Oto 2,087,831 mA-hr 

Nominal Battery Capacity 

(Capacity in mA·hr) *(2057.14) 

This parameter is updated with the measured capacity 
of the battery each time a manual or automatic battery 
capacity calibration is performed by the MTA11200. A 
four-byte value is stored that indicates the measured 
capacity in mA-Sec /1. 75. 

5.18 MINTFC 

Minimum Temperature for Fast Charge 

EEPROM Address 9h 

Allowable Range 

Typical Value 

Stored Value 

oto255°C 

10°c 
Integer limit in °C 

Minimum Temperature for Fast Charge specifies the 
minimum temperature limit for fast charging. If the tem
perature is below this limit fast charging will be termi
nated. MINTFC is an 8-bit (1-byte) value that indicates 
the temperature limit value in 1°C increments. For ex
ample, a value of 10 (OAh) equals a 10°C under tem
perature fast charge termination limit. 

MTA11200 

5.19 MINTMC 

Minimum Temperature for Maintenance Charge 

EEPROM Address OBh 

Allowable Range 

Typical Value 

Stored Value 

oto255 •c 
o•c 
Integer limit in °C 

Minimum Temperature for Maintenance Charge speci
fies the minimum temperature limit for maintenance 
charging. If the temperature is below this limit all charge 
requests will be terminated. MINTMC is an 8-bit (1-byte) 
value that indicates the temperature limit value in 1 °C 
increments. For example, a value of 5 equals a 5 •c 
under temperature charge termination limit. 

5.20 NOV 

Negative Delta Voltage Threshold 

EEPROM Address 1Ah 

Allowable Range 

Typical Value 

Stored Value 

Oto255mV 
NiCd (2mV to 4mV) * (number of 
cells) 
NiMH (1mVto2mV) •(number of 
cells) 

Pb n/a 

LimitinmV 

The Negative Delta Voltage Threshold specifies the 
amount of voltage decay that is required for termination 
of a fast charge cycle. This voltage decay is referenced 
from the peak voltage obtained during the fast charge 
cycle . ..1 V termination must be enabled in the BATINFO 
parameterforthisthreshold voltage to control fast charge 
termination. 

5.21 NOMCAP 

Nominal Battery Capacity 

EEPROM Address 2h(lsb) through 5h(msb) 

Allowable Range 

Typical Value 

Stored Value 

Oto 2,087,831 mA-hr 

Nominal Battery Capacity 

(Capacity in mA-hr) *(2057 .14) 

This parameter is a storage location for saving the rated 
capacity of the battery pack. With this information a 
smart host can determine if the battery has reached end 
of life or is malfunctioning by comparing the rated 
capacity with the measured capacity. A four-byte value 
is stored that indicates the rated capacity in mA-Sec I 
1.75. This value is not used by the MTA11200 for any 
capacity calculations or error detection. 
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5.22 OVTIM 

Override Timer 

EEPROM Address 17h(lsb) and 18h(msb) 

Allowable Range 0 to 114686 seconds 

Typical Value 1.5 * ((Norn. capacity mA-hr) 
* 3600sec/hr)l(Fastchg rate mA)) 

Stored Value (Limit in seconds) I 1 . 7 5 

The override timer specifies the maximum amount of 
time that a fast charge cycle is allowed to be active. If a 
fast charge cycle exceeds this time limit a time-out error 
is logged. The time limit is calculated by multiplying the 
value of OVTIM by 1.75 seconds. 

5.23 REFVAL 

AID Reference Value 

EEPROM Address 

Allowable Range 

Typical Value 

Stored Value 

30h(lsb) and 31h(msb) 

Oto64535 

NIA 

Reference level 

This location is where the MT A 11200 stores the AID 
reference value that is set during the AID calibration 
procedure. 

5.24 REPMODE 

Reporting Mode 

EE PROM Address 1 Eh 

Allowable Range 

Typical Value 

Stored Value 

NIA 

NIA 

(See below) 

Reporting Mode defines the amount of data broadcast 
by the MTA 11200 when broadcasting is enabled as well 
as th~pe of data.Q!!!put on the LED drive pins P20, 
P40, P60, and P80. REPMODE is defined as follows: 

Bits 7 Broadcast data select, 1 =send entire 16-byte 
battery parameter packet. O = send only the 
single byte percent capacity indication. 

Bit 6-1: Reserved (program to O) 

Bit 0 LED mode select, 1 = LED outputs are BCD 
code 0 through 10 that represents O percent to 
100 percent remaining battery capacity in 10% 
increments, 0 = LED outputs represent dis
crete >20%, >40%, >60%, and >80% levels. 

5.25 REPINTRVL 

Report Interval 

EE PROM Address 1 Fh 

Allowable Range 0 to 222.25 seconds 

Typical Value 5.25 to 31.5 sec 

Stored Value (Interval in seconds) 11.75 

The report interval byte specifies the interval between 
battery data broadcasts on the RS-232 link. The time 
between data broadcasts from the MTA 11200 will be 
1.75 seconds times the value contained in REPINTRVL. 
If a polling scheme of communication is desired then 
REPINTRVL can be set to zero and will battery data 
broadcasting will be disabled. 

5.26 Reserved 

Reserved Locations 

EEPROM Address Various 

Allowable Range 0 

Typical Value 0 

Stored Value 0 

All location listed as RESERVED are not presently used 
by the MTA 11200. They are however reserved for future 
versions or revisions of the TrueGauge family. These 
locations must be initially programmed to a value of zero. 
EEPROM locations defined as USER are provided for 
general purpose data storage. 

5.27 REVID 

EEPROM Revision Identification 

EEPROM Address Oh 

Allowable Range 

Typical Value 

Stored Value 

Oto 255 

NIA 

Revision 

This location allows a revision identifier to accompany 
the system parameter EEPROM data set. When a set of 
system parameters are defined for use with a particular 
battery and/or system an identifier can be allocated and 
stored at location REVID. This allows unique data sets 
to be identified. This REVID location is provided as a 
convenience feature only and not used by the MTA 11200 
for any control or monitoring functions. 
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5.28 SDFT(Q-15) 

Self-discharge as a Function of Temperature 

EEPROM Address 

Allowable Range 

Typical Value 

Stored Value 

60h through 7Fh 

0 65535 

NIA 
K 

The self-discharge versus temperature lookup table 
provides the factor K, that is used in the self-discharge 
compensation calculation: 

Compensated SOC = SOC - (SOC • (K / 224) 

SOC (State Of Charge) 

The battery state of charge is decreased once every 138 
seconds when battery is idle and this calculation is 
applied. The compensation factors cover the tempera
ture range of O °C up to 60 °C in 4 °C increments. For 
temperatures in excess of 60 °C, the 60 °C compensa
tion factor is applied. Similarly, for temperatures below 
O °C the O 0 c factor is used. 

TABLE 5- SELF-DISCHARGE VS 
TEMPERATURE COMPENSATION 
TABLE 

Addr Parameter Definition 

61h,60h SDFT(O) Sett-dischg cons!. for 0°c 

63h,62h SDFT(1) Sett-dischg cons!. for 4 °C 

65h,64h SDFT(2) Sett-dischg cons!. for 8 °C 

67h,66h SDFT(3) Self-dischg cons!. for 12 °C 

69h,68h SDFT(4) Self-dischg cons!. for 16 °C 

6Bh,6Ah SDFT(5) Sett-dischg cons!. for 20 °C 

6Dh, 6Ch SDFT(6) Self-dischg cons!. for 24 °C 

6Fh, 6Eh SOFT(?) Sett-dischg cons!. for 28 °C 

71h, ?Oh SDFT(8) Sett-dischg cons!. for 32 °C 

73h,72h SDFT(9) Self-dischg cons!. for 36 °c 

75h,74h SDFT(10) Sett-dischg cons!. for 40 °C 

77h, 76h SDFT(11) Self-dischg cons!. for 44 °C 

79h,78h SDFT(12) Sett-dischg cons!. for 48 °C 

7Bh, ?Ah SDFT(13) Self-dischg cons!. for 52 °C 

7Dh, ?Ch SDFT(14) Sett-dischg cons!. for 54 °C 

7Fh, ?Eh SDFT(15) Sett-dischg cons!. for 60 °C 

MTA11200 

5.29 SHUTDN 

Shutdown Alarm Limit 

EE PROM Address 1 Dh 

Allowable Range 0 < SHUTDN < CRITBAT 

Typical Value 1 % 

Stored Value Integer limit in % 

A bit in the FLAG BYTE portion of the battery parameter 
data packet is set when the battery state of charge is less 
than the SHUTDN limit. This alarm sets the appropriate 
bit in FLAGBYTE. The MT A 11200 will mask off a battery 
critical level indication in response to this alarm. The 
alarm will be cleared and the critical level alarm will be 
unmasked when the state of charge exceeds the 
SHUTDN level. The value of this parameter must be 
between 0 and the CRITBAT limit. 

5.30TCC 

Total Charge Cycle Counter 

EEPROM Address 20h (lsb) and 21 h (msb) 

Allowable Range 

Typical Value 

Stored Value 

Oto 65535 

O (initial) 

Number of charge cycles 

This parameter is incremented each time a charge cycle 
is terminated by exceeding a dT/dt, -!:N or absolute 
voltage limit threshold. 

5.31 TOC 

Temperature Offset Correction Factor 

EEPROM Address 

Allowable Range 

Typical Value 

Stored Value 

3Ah (lsb) and 3Bh (msb) 

-32766 (80h) to 32767 (7Fh) 

0 
Voltage offset in °C I 256 

The Temperature Offset Correction factor provides a 
fixed value that is added to the AID conversion calcula
tion of the Temperature. Offset factors from ( -32766/ 
256) to (32767/256) °C are available. This factor is 
normally determined when the AID converter is cali
brated. 
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5.32TOERRS 

Time-out Errors Counter 

EEPROM Address 22h 

Allowable Range O to 255 

Typical Value 0 

Stored Value Number of Errors 

This parameter is incremented each time a Time Out 
Error, as defined by the OVTI M parameter, occurs. This 
error counter will be incremented when the error is 
acknowledged when the host issues a Clear Battery 
Errors Command. 

5.33TONCHG 

Fast Charge Turn On Threshold 

EEPROM Address 10h 

Allowable Range 

Typical Value 

stored Value 

Oto 100 

90%to96% 

Threshold in% 

This parameter controls the point at which the charge 
controller will enter fast charge mode. 

5.34TSC 

Temperature Slope Correction 

EEPROM Address 38h (lsb) and 39h (msb) 

Allowable Range O to 65535 
Typical Value 256 (100h) 

Stored Value Temperature Gain • 256 

The Temperature Slope Correction factor provides a 
fixed gain that is applied to the AID conversion calcula
tion of the battery temperature. Gain factors from 1/256 
to (255+255/256) are available. This factor is normally 
determined when the AID converter is calibrated. 

5.35 USER 

User Storage 

EEPROM Address 

Allowable Range 

Typical Value 

Stored Value 

12h through 15h 

N/A 

N/A 

NIA 

These locations are not used by the MTA 11200 and will 
not be used by future versions. They are available to the 
user for general purpose data storage. 

5.36 voe 
Voltage Offset Correction 

EEPROM Address 34h (lsb) and 35h (msb) 

Allowable Range -32768 (SOh) to 32767 (7Fh) 

Typical Value O 

Stored Value Voltage offset in mV 

The Voltage Offset Correction factor provides a fixed 
value that is added to the AID conversion calculation of 
the battery voltage. Offset factors from -32768mV to 
32767mV are available. This factor is normally deter· 
mined when the AID converter is calibrated. 

5.37VSC 

Voltage Slope Correction 

EEPROM Address 32h (lsb) and 33h (msb) 

Allowable Range 

Typical Value 

Stored Value 

o to 65535 

256 (100h) 

Voltage Gain • 256 

The Voltage Slope Correction factor provides a fixed 
gain that is applied to the AID conversion calculation of 
the battery voltage. Gain factors from 1 /256 to (255+255/ 
256) are available. This factor is normally determined 
when the AID converter is calibrated. 
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6.0 POWER ON RESET 

The MTA11200 incorporates an on-chip Power On 
Reset Timer which provides internal chip reset. An 
internal time~ins counting when a logic high level is 
detected on CLR. The MT A 11200 remains in the reset 
state while this timer is running or anytime CLR is low. 
The timer expires 18mS (typical) after CLR goes high. 
Then the MT A 11200 emerges from the reset condition 
and the remaining battery capacity is set to 0%. 

In order to ensure proper power-on reset when a battery 
provides the Voo power source, an external voltage 
level detector or "brown-out" circuit is recommended. 
This prevents CLR from reaching a valid logic high level 
when Voo less than Voo minimum, which can occur 
while the battery is in storage for long periods and its 
voltage is very slowly decaying to zero. 

The voltage level detector or brown out circuit should 
ensure that CLR is held low anytime Voo is less than the 
minimum operational Voo level forthe MTA11200 and 
any external l.C.'s. This will prevent erroneous operation 
and inaccurate capacity gauging. 

MTA11200 

7.0 APPLICATION EXAMPLE 

An example of a MTA11200-based battery monitoring 
and charging system is shown in the following schematic 
(Document number 11200DTS). 

This example system provides battery state of charge 
information via the TXD output and the display LEDs. In 
normal operation, only three connections are required 
between the host and the battery subsystem. LOAD+ 
provides the charge and discharge current path and 
LOAD- is the system ground. TXD allows the host to 
receive battery status data in real time and connects to 
a receiver in the host. If the battery charging source is 
included in the host system then an additional connec
tion, to CHG, can be used. 

To connect to an external charging source (e.g. stand 
alone charger) only 3 connections between the charger 
and the battery system are required. 

In this case the connection to the CHG is needed and the • 
TXD connection usually is not needed. Again, LOAD+ • 
provides the charge and discharge current path and 
LOAD- is the system ground. 

Additionally, the DISREQ output can control a discharge 
circuit within the charger (or host for that matter) to 
instruct the charger to fully discharge (to EODV) the 
battery. 

The external AID components and the Serial EEPROM 
are routinely powered down to reduce power consump
tion when the MTA 11200 is in the STANDBY state. The 
IDLE pin controls a transistor that switches the power 
bus to these circuits. The Serial EEPROM, comparators, 
current source, and their associated pull-up resistors 
and bias resistors are powered by this secondary power 
bus. 

The MTA11200, voltage regulator (U4), and dropout 
voltage detector are always powered up as long as there 
is sufficient battery power. The voltage regulator pro
tects the entire system from the battery voltage. It also 
provides the voltage that the AID is referenced to. 

The voltage detector forces the entire battery monitor 
system to shut down if the battery voltage falls below the 
operational limits of the l.C.'s in the system. This is 
added insurance against data corruption for both trans
mitted and stored data. 
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7.1 Component Selection 

7 .1.1 Current Sense Resistor 

The MTA11200's programmable features accommo
date a wide variety of battery types and load currents. 
The current slope correction factor stored in EEPROM 
defines the gain factor that the MTA 11200 applies to the 
current measurement. By calibrating this gain factor and 
selecting the current sense resistor (R6) maximum 
sensitivity and dynamic range in the current measure
ments can be achieved. 

The maximum discharging current and the maximum 
charging current expected in normal operation are the 
parameters that determine the required value of the 
current sense resistor. The resistor for the example 
circuit is selected based on the following formula: 

Rsense <= 0.5V / lmax 

The 0.5V maximum voltage drop limits the power dissi
pated by the resistor to an acceptable value. It also 
results in good measurement resolution. 

7 .1.2 Thermistor 

A wide variety of linear thermistors can be used in a 
MT A 11200-based system. The programmable gain and 
offset factors for thermistor input can be adjusted to 
obtain accurate temperature readings. The thermistor 
and it's associated bias resistors should be selected to 
ensure that voltage swing at the AID comparator always 
remains within the range of the voltage ramp. 

7.1.3 Serial EEPROM 

The MTA 11200 communicates with a 1 Kb it Serial 
EEPROM organized as 128 bytes x 8 bits via standard 
12C protocol. 
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8.0 DEVELOPMENT SYSTEM 

FEATURES 

The MTA11200 development system is a full featured 
design environment to allow the system designer to 
design, validate and release full production products. 
The system includes: 

• NiCd and NiMH battery packs, complete with 
MTA 11200 intelligent battery management systems 
attached. 

• Stand alone MT A 11200 intelligent battery manage
ment system ready for customization. 

• Charger/discharger control board with PC RS-232 
cable and battery interface cable. 

• MTA 11200 TrueGauge™ design software package 
for Windows™ 3.1 operating system. 

• International power supply 

• Complete documentation 

FUNCTION 

The MTA11200 development system part number 
DV114001 has been designed to allow the user to collect 
real time data from the TrueGauge system and display 
it in a graphical format. In addition the software can log 
the data to disk for multiple design comparison or to 
archive current results for study at a later time. The data 
displayed can be one of four parameters: Voltage, 
Capacity, Temperature or Current. Voltage and Capac
ity are displayed concurrently as shown in Figure 8.1. 
The vertical scale shows capacity in percent between 
0.0 (0%) and 1.0 (100%). The voltage per cell is shown 
on the scale above 1.0 and is in volts. Note that time 
increases to the left. Temperature is displayed in Figure 
8.2 and current is displayed in Figure 8.3. The graphs 
read like a strip chart recorder with time increasing to the 
left. 

FIGURE 8.1 -TRUEGAUGE VOLTAGE AND CAPACITY VS TIME 

TrueGauge is a trademark of Microchip Technology Inc. 
Windows is a trademark of Microsoft Corporation 
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FIGURE 8.2 -TEMPERATURE VS. TIME 

FIGURE 8.3 - CURRENT VS. TIME 
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In addition to the display and recording of data the 
software allows the user to easily configure the system 
EEPROM. The data contained within the EE PROM is all 
of the system parameters that control how the MT A 11200 
operates. To ease in the setup and archiving of this data, 
the TrueGauge development software has a user friendly 
configuration panel. This allows the user to easily con
figure the system for use with their specific battery 
packs. An example of the control panel to support this 
operation is shown below in Figure 8.4. 

FIGURE 8.4 ·CONFIGURATION CONTROL PANEL 

MTAl 1200 Configuration Data 

JRev: ! •!j!MI .•••• ~ Batie,Y Warning::Levels (%:of Full Ctiatge) _ ___.___. __ ...., 

. : I 
Fast Ctia,rge Terminlltion 

!Delta Ten1p Delta Time • 

0.50 degrees·c I min ;. I 

Nominal Battery Capacity 

1800 milliamp-hours 

. ! . Number of Cells: 6 

Measured Battery capacity 

; 1:800 milliamf14iours .•. r 
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9.0 ELECTRICAL CHARACTERISTICS 

9.1 Absolute Maximum Ratings t 

Ambient temperature under -ss0c to +125"C bias 

Storage temperature -65°C to +150"C 

Voltage on any pin with -0.6V to (Voo +0.6V) 
respect to Vss (except Voo and CLR) 

Voltage on CLR pin with OV to +14.0V 
respect to Vss 

Voltage on Voo with 
respect to Vss 

Total power dissipation (Note 2) 

Maximum current out of Vss pin 

Maximum current into Voo pin 

Maximum current into input pin 

Maximum output current sinked 
by any 1/0 or output pin 

Maximum output current sourced 
by any 1/0 or output pin 

Notes: 

0Vto+9.5V 

800mW 

150mA 

SOmA 

±SOOuA 

25mA 

20mA 

1. Voltage spikes below Vss at the CLR pin, inducing 
currents greater than 80 mA may cause latch-up. 
Thus, a series resistor of 50-100'1 should be used 
when applying a "low'' level to this pin, rather than 
connecting this pin directly to Vss. 

2. Total power dissipation should not exceed 800 mW 
for the package. The total power dissipation is calcu
lated as follows: PdiS= Voo x (IDD - I.IOH) + I.{(VDD
VoH) x IOH} +I,( VOL X IOL). 
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10.0 DC CHARACTERISTICS 

DC CHARACTERISTICS Standard Operating Conditions (unless otherwise stated). 
Operating Temperature 0°C <TA< 70°C for commercial. 
Operating voltage Voo = 3.0V to 5.5V unless otherwise stated. 

Characteristic Sym. Min. Typ. Max. Units Conditions 

Supply Voltage VDD 3.0 6.25 v Fosc = DC to 4 MHz 

Vnn start voltage to guarantee VPOR Vss v 
power-on reset 

Vnn rise rate to guarantee power- SVDD 0.05(1) V/mS 
on reset 

Supply Current loo 1.8 3.3 mA Fosc = 4 MHz , Voo = 5.5V 

ISTBY(2) 12 18 µA STANDBY Mode, Fosc= MHz, 
Voo = 5.0V 

Input Low Voltage 

CLR (Schmitt trigger) VILMC .15 Voo v 
OSC1 (Schmitt trigger) VILOSC .3 Voo v 
All other Inputs VIL .2 VDD v 

Input High Voltage 

CLR (Schmitt trigger) VIHMC .85 Voo VDD v 
OSC1 (Schmitt trigger) VIHOSC .7Voo Voo v 
All other Inputs VIH .45 Voo Voo v 

Input Leakage Current 

CLR llLMCL -5 µA VPIN = Vss + 0.25V 

CLR llLMCH 0.5 +5 µA VPIN = Voo 

OSC1 (Schmitt trigger) llLMCH 0.5 +3 µA Vss:;;; VPIN:;;; Voo 

All other Inputs Ill -1 0.5 +1 µA Vss:;;; VPIN:;;; Voo 

Output Low Voltage 

All other Outputs VOL 0.6V v IOL = 1.6 mA, Voo = 4.5V 

Output High Voltage 

All other Outputs VOH Voo- .7 v IOH =-1.0 mA, Voo = 4.5V 

Note 1: These parameters are based on characterization and are not tested. 

Note 2: The supply current in STANDBY mode is measured with all outputs unconnected and inputs tied to Voo or Vss. 
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10.1 DC Character Graphs 

FIGURE 10.1.1 - TYPICAL ISTBY VS Voo 
AT 25 °C 
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FIGURE 10.1.2- MAXIMUM ISTBY vs VDD 
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FIGURE 10.1.3 • VTH (INPUT THRESHOLD VOLTAGE) OF INPUT AND 1/0 PINS vs VDD 

VTH (Input threshold voltage) of 1/0 pins 
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FIGURE 10.1.4 • VTH, VIH OF CLR INPUT vs Voo 
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Vtl, max { ' 0 s"C) 

VtL. "TYP, 25'C 
VtL, min {·40"C to B5"C) 

3.0 3.5 4.0 4.5 5.0 5.5 6.0 
Voo (volts) 

Note: These input pins have Schmitt trigger input buffer. 
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FIGURE 10.1.5 - VTH OF CLR AND OSC1 INPUT vs Voo 
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FIGURE 10.1.7- IOH vs VOH, VDD = 3V 
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FIGURE 10.1.8 • IOH vs VOH, VDD = SV FIGURE 10.1.9 • IOL vs VOL, VDD = 3V 

45 

40 

35 

30 

125 

~ 20 

15 

10 

5 

0 
-40 ~~-~-~~-~-~~ 0 0.5 1.5 2 2.5 3 

1.5 2 2.5 3 3.5 4 4.5 5 VOL (Volts) 
VOH (Volts) 

FIGURE 10.1.10 • IOL vs VOL, VDD = SV 
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FIGURE 10.1.11 ·INPUT CAPACITANCE 

Pin Name 

INPUTS and I/Os 

CLR 

OSC1 

OSC2 

[FllJ'®IlHllililHOillIDll'W 
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Typical Capacitance (pF) 

28LPDIP 
28LSOIC (600mil) 

5 4 

17 17 

6 3 

4 3 
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11.0 AC CHARACTERISTICS 

AC CHARACTERISTICS Standard Operating Conditions (unless otherwise stated). 
Operating Temperature 0°C <TA< 70°C for commercial. 
Operating Voltage Voo = 3.0V to 5.5V unless otherwise stated. 
Oscillator Frequency= 4 MHz. 

Characteristic Sym. Min. Typ. Max. Units Conditions 

Oscillator Frequency Fosc DC 4 MHz 

RESET Timing 

CLR pulse width (low) TMCL 100 ns 

Oscillator Start-up Timer Period TOST (Note 1) 9 18 30 ms Voo = 5.0 V 

Note 1 : These parameters are based on characterization and are not tested. 

© 1994 Microchip Technology Inc. UVIJ'®OO[Jjji)OIJ'il®IJ'lf 
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11.0.1 AID Timing Diagram and Specifications 

ZERO 

RAMP 
_____ __,-------------, _____ _,-------------,, _____ _ 

AID Inputs 
Sample Window 

Param. Characteristic 
No. 

1 ZERO Pulse Period 

2 ZERO Pulse Width 

3 RAMP Output Delay 

4 RAMP Pulse Width 

5 BATVC, REFC, ISENC, TEMPC 
AID Input Window Delay Time 

6 BATVC, REFC, ISENC, TEMPC 
AID Input Window Width 

0540104C-page 34 

Sym. Min. Typ. 

TP:ZRO 1.65 

TW:ZRO 

TO:RMP 

TW:RMP 

TD:ADI 

TW:ADI 

~ll'®~DlliiilDO'\llIDll'W 
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840 

640 

640 

Max. Units Conditions: 
Standard Conditions 

unless otherwise stated 

1.75 1.85 s 
850 860 ms 

200 ms 

650 660 ms 

20 µs 

µs 
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11.0.2 Host Communication Timing Diagram and Specifications 

CTS 

TXD 

RXD 

TXD 

RXD 

Param. 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

Command 
Response 

~Command 

~ 7 ~ 

Start 
Bit 

~ B ~ 
Start 
Bit 

Characteristic 

CTS Pulse Period 

CTS Pulse Width 

RXD data to TXD (broadcast) 
Delay 

TXD (broadcast) Data Packet 
Width 

TXD (Cmd Resp.) Data Packet 
Width 

RXD Data Packet Width 

TXD Bit Time 

RXD Bit Time 

© 1994 Microchip Technology Inc. 

Broadcast 
Data 

Bit 0 Bit 1 Blt2 

BltO Bit 1 Blt2 

Sym. Min. 

TP:CTS 1.65 

TW:CTS 2 

TD:CTS 

TW:TXB 16.5 

Tw:TXC 

TW:RX 1 

TT:TX 90 

TT:RX 60 

Blt3 

Bit 3 

Typ. 

1.75 

100 

lj?JIJ'@OoO'ililollil®ll'W 
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• 
Bit4 Bit 5 Bit 6 Bit7 Stop 

Bit 

Bit4 Bit 5 Bit 6 Bit 7 Stop 
Bit 

Max. Units Conditions: 
Standard Conditions 

unless otherwise stated 

1.85 

12 ms 

1 ms 

17.5 ms 

17.5 ms 

µs 

110 µs 9600 Baud 

110 µs 
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11.0.3 Charge Control Timing Diagram and Specifications 

J( oulput ~ 

GHG ~ ~~~~~~-\~~~~ 

Param. Characteristic 
No. 

1 CHG Output Pulse Period 

2 CHG Output Low (Input 
Preconditioning) Time 

3 CHG Input Setup Time 

4 CHG Input Window Time 

0840104C-page 36 

Sym. Min. 

TP:CRG 1.65 

TOL:CRG 1 

TIW:CRG 7 

TSU:CRG 1 

~ll'®~DllililDllil®ll'W 
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3 
Tristate 

Typ. Max. Units Conditions: 
Standard Conditions 

unless otherwise stated 

1.75 1.85 s 

2 3 µs 

µs 

2 µs 
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11.0.4 PC Bus Timing Diagram and Specifications 

SCL 

SDA 
IN 

MTA11200 

~ ~3 
\ _______ ~ 

~9~ 
-----~ 

~11~ 
SDA 
OUT xxxxxxxxxxxxx'---_-~x----_____ _ 

Pa ram. Characteristic 
No. 

1 Clock high time 

2 Clock low time 

3 SCL and SDA rise time 

4 SCL and SDA fall time 

5 Start condition setup time 

6 Start condition HOLD time 

7 Data input hold time 

8 Data input setup time 

9 Stop condition setup time 

10 Output valid from clock 

11 Bus free time 

Capacitive loading 

© 1994 Microchip Technology Inc. 

Sym. Min. 

TH:SCL 

TL:SCL 

TR:SCD 

TF:SCD 

TSU:STA 4.7 

THD:STA 4.0 

THD:DAT 

TSU:DAT 

TSU:STO 4.7 

TAA 

TBUF 

CB 

iPll'®~ollTiilollil~ll'W 
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Typ. Max. Units Conditions: 
Standard Conditions 

unless otherwise stated 

4.0 µs 

4.7 µs 

300 µs 

300 µs 

µs 

µs 

0 µs 

250 µs 

µs 

3.5 µs 

4.7 µs 

400 pF 
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11.0.5 LED Timing Diagram and Specifications 

xxxxxxxx=xxxxxxxxxxxxxxxxxxxxxxxxx=:::xxxxx 
~ 

Param. Characteristic Sym. Min. Typ. 
No. 

1 LEDREQ Input Sample Period TP:LRQ 1.65 1.75 

2 LEDREQ Input Window TW:LRO 

3 P20, P40,P60,P80 TPW:LED 1.65 
Output Pulse Width 

12.0 PACKAGING DIAGRAMS AND DIMENSIONS 
See Section 11 of the Data Book. 

DS40104C-page 38 ~ll'®llllllilillllTil~ll'W 
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3 

Max. Units Conditions: 
Standard Conditions 

unless otherwise stated 

1.85 s 
1 µS 

1.75 s 
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NOTES: 
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SALES AND SUPPORT 

To order or to obtain infonnation, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 

PART NO.· x /XX x .....-- -y Revision 

Package: p = 2BL PDIP (600 mil) 
so= 300 mil SOIC (Gull Wing Lead) 
SP = 2BL PDIP (300 mil) 
SS = SSOP (209 mil) 

_J Temperature 

l Range: . = o·c to +70"C (T for tape/reel) 

_J Device: MTA11200 I 
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MICROCHIP MTA41110 
PS/2® Mouse and Trackball Controller I.C. 

FEATURES 

• Single-chip two-button mouse or trackball controller 

• 10 KHz IBM9 PS/2"interface 

• IBM PS/2 mouse compliant 

• Selectable Mouse or Trackball resolutions 

• Strobed motion encoders for reduced system power 
consumption 

• Motion sampling rate of 8700 Samples/second 

• Proprietary anti-jitter algorithm simplifies motion 
encoder interface 

• Available In: 

- 18-lead 300 mil PDIP 
- 18-lead 300 mil SOIC 
- 20-lead 209 mil SSOP 

FIGURE A - PIN CONFIGURATIONS 

PDIP,SOIC 

NC • 1 18 DATA -.... 
..-- DLED 2 17 CLK ----voo 3 s:: 16 OSC1 -
--MCLR 4 ~ 15 OSC2 -
--vss 5 ,f:>o 14 Voo ---HOR1 6 

...... 
13 QDRV -...... 

--HOR2 7 ...... 12 DBTN -0 
--ABTN 8 11 VERT1-
--PBTN 9 10 VERT2-

IBM and PS/2 are registered trademarks of IBM Corp. 

DESCRIPTION 

The MT A4111 o is the heart of a simple, low-cost, mouse 
or trackball solution. It can be configured to operate as 
an IBM PS/2 compliant mouse or trackball controller. 
The mouse select and drag operation can be accom
plished with a trackball by using the optional drag lock 
input and drag lock LED. This allows for one handed 
select and drag operation when using a trackball. 

MTA41110 

The MTA41110 is an 18-lead low-power CMOS inte
grated circuit. Combined with a few simple external 
components, a complete mouse or trackball system can 
be realized. 

SSOP 

NC • 1 20 DATA-.... 

- DLED 2 19 CLK --__. Voo 3 18 OSC1 ~ 

-- MCLR 4 s:: 17 OSC2 ---t 
--vss 5 > 16 Voo ..__ 

,f:>o 
-vss 6 ...... 15 Voo ..__ 

...... 
14 QDRV---- HOR1 7 ...... 

-- HOR2 8 0 13 DBTN -
-- ABTN 9 12 VERT1-

-- PBTN 10 11 VERT2-

The microcode contained in this product is copyrighted 01993, all rights reserved. 

© 1994 Microchip Technology Inc. llilf1'®0ollililoDil~f1'W 
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1.0 PIN DESCRIPTIONS 

PIN NAME TYPE DESCRIPTION 

NC No Connect This pin should be left unconnected 

QDRV Output Active high strobed encoder drive 

HOR1 Input Horizontal quadrature input .#1 

HOR2 Input Horizontal quadrature input #2 

PBTN Input Primary mouse button. Active low , 0 = button depressed 

ABTN Input Alternate mouse button. Active low, O =button depressed 

DBTN Input Optional trackball drag lock button. Active low, O =button de-
pressed. For mouse operation connect this pin to Voo 

VERT1 Input Vertical quadrature input #1 

VERT2 Input Vertical quadrature input #2 

OLEO Output Optional trackball drag LED. For mouse operation this pin is a no 
connect and should be left unconnected 

OSC1 Input 4 MHz crystal or ceramic resonator connection 

OSC2 Output 4 MHz crystal or ceramic resonator connection 

DATA 1/0 Bi-directional data port for PS/2 

CLK Input PS/2 data clock input 

MCLR Input A "low'' voltage on this pin causes a reset condition for the 
MTA41110 controller 

Voo Pwr +SV 

Vss Pwr Ground 

2.0 OPERATION 2.1 PS/2 COMMANDS 

Upon power-up, the MTA41110 mouse controller ini· 
tiates an internal reset sequence. First, all internal 
registers and communication parameters are cleared. 
Next, the status registers are setto the default condition. 
Finally, if the MTA41110 receives a Resend command 
as the first command after power-up, it will transmit a 
AAh followed by a OOh in response. This notifies the host 
that the initialization is complete and that the controller 
is a standard mouse type. This is to ensure compatibility 
with some hosts that do not follow the normally recom· 
mended behavior of issuing a Reset command as the 
first command after power-up. 

The MTA4111 O always confirms reception of a com
mand sent by the host by returning an acknowledge byte 
(FAh). If the host interrupts the transmission of the 
acknowledge byte, the MTA41110 discards the com
plete command. The MTA4111 O is then ready to receive 
and acknowledge the next command. Two exceptions to 
the acknowledge after command received rule exist. 
The MTA41110 does not issue an acknowledge upon 
receipt of either the Set Wrap Mode (EEh) or Resend 
(FEh) commands. 

Command Summary: 

Command 

Reset 
Resend 
Set Default 
Disable Reporting 
Enable Reporting 
Set Report Rate 
Read Device Type 
Set Remote Mode 
Set Wrap Mode 
Reset Wrap Mode 
Read Data 
Set Stream Mode 
Status Request 
Set Resolution 
Set Scaling 
Reset Scaling 

0540103B-page 2 lil'll'®~Hllililallil~ll'W 
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Code Data 

FFh 
FEh 
F6h 
FSh 
F4h 
F3h ,XXh 
F2h 
FOh 
EEh 
ECh 
EBh 
EAh 
E9h 
E8h, XXh 
E7h 
E6h 

© 1994 Microchip Technology Inc. 



2.1.1 Reset Code: FFh 

This command initiates a reset sequence in the 
MTA41110 mouse controller. First, all internal registers 
and communication parameters are cleared. Next, the 
status registers are set to the default condition. Finally, 
the MTA41110 transmits a AAh followed by a OOh, this 
informs the host that the initialization is complete and 
that the controller is a standard mouse type. 

2.1.2 Resend Code:FEh 

Anytime the MT A4111 O controller receives an invalidly 
formatted command, it will transmit a Resend command 
to the host. The controller will ignore invalid commands 
and will continue to operate in its present mode. When 
any command other than a Resend is received by the 
controller it will clear its motion and displacement 
counters. 

The host system may send a Resend command to the 
controller if an error is detected in a transmission from 
the controller. When the controller receives a Resend 
command, it will retransmitthe last data packettransmit· 
tad. If the last packet transmitted was a Resend com
mand, the packet prior to the last packet will be re· 
transmitted. 

2.1.3 Set Default Code: F6h 

The Set Default command re-initializes all controller 
parameters to the power-up state. The controller initial· 
izes the following status registers. 

Report rate: 100 reports per second 
Scaling: Linear 
Mode: Streaming 
Resolution: Physical Resolution/ 2 
Reporting: Disabled 

This command does not initiate any self-test diagnos
tics. The controller remains in the disabled state until 
another command is received from the host. 

2.1.4 Disable Reporting Code: F5h 

The Disable Reporting command prevents data trans
mission by the controller while it is in the Stream Mode. 
However, the controller will still respond to other com
mands. When reporting is disabled, Stream Mode must 
be disabled prior to the host sending a command that 
requires a response by the controller. 

2.1.5 Enable Reporting Code: F4h 

The Enable Reporting command allows the controller to 
transmit data when in Stream Mode. This command has 
no effect while the controller is in Remote Mode. 

MTA41110 

2.1.6 Set Report Rate Code: F3h , XXh 

This command updates the report rate status register 
with the data contained in the second byte of the com
mand. However, the physical report rate remains fixed at 
40 times per second. This command only exists to 
ensure compatibility. 

2.1. 7 Read Device Type Code: F2h 

The controller always transmits a OOh in response to 
receiving this command. This informs the host that a 
standard mouse is present. 

2.1.8 Set Remote Mode Code: FOh 

Remote Mode is entered when the controller receives 
this command. In Remote Mode, event packets are 
transmitted to the host only when a read data command 
is received by the controller. 

2.1.9 Set Wrap Mode Code:EEh 

Wrap Mode is entered when the controller receives this 
command. In Wrap Mode, the controller will echo all 
commands that are received back to the host. Note, the 
Reset and Reset Wrap commands will cancel Wrap 
Mode and neither of these commands will be echoed 
back to the host. Wrap Mode can be enabled in either 
Reporting Mode, Stream Mode or Remote Mode. 

2.1.1 O Reset Wrap Mode Code:ECh 

This command cancels Wrap Mode. The controller 
remains in the current Reporting Mode. Note, if the 
controller enters Wrap Mode while in Stream Mode and 
then a Reset Wrap Mode command is received, the 
controller will reenter the Stream Mode with Wrap Mode 
disabled. 

2.1.11 Read Data Code: EBh 

The controller will transmit an event packet to the host 
after a read data command is received. This command 
can be issued in either the Remote or Stream Modes. 
The controller will transmit data even if there has not 
been any button changes or motion since the last report. 
The controller clears the motion counters after ever read 
data command. 

2.1.12 Set Stream Mode Code: EAh 

The controller will enterthe Stream Mode upon receiving 
this command. In Stream Mode, event packets are 
transmitted to the host as they occur. 

© 1994 Microchip Technology Inc. ~IJ'®ODlliiilDDil®ll'W 
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2.1.13 Status Request Code:E9h 

A three byte status report packet will be transmitted in 
response to this command. These status bytes are 
defined as follows: 

Byte 1: 

e.i!. Description 

0 
1 
2 
3 
4 
5 
6 

1 = Secondary Button Depressed 
Reserved 
1 = Primary Button Depressed 
Reserved · 
1=2:1 Scaling 
1 =Enabled 
1 = Remote Mode 

7 Reserved 
Byte 2: Current Resolution 

Byte 3: Current Sample Rate 

2.1.14 Set Resolution Code: E8h , XXh 

The controller provides four resolutions selected by the 
second byte of this command. The effective resolution 
is the physical device resolution divided by the divisor 
indicated below. 

Second Bvte 

0 
1 
2 
3 

2.1.15 Set Scaling 

Descrjotjon 

divide by8 
divide by 4 
divide by 2 
divide by 1 

Code:E7h 

This command has no effect on resolution and only 
exists to ensure compatibility. 

2.1.16 Reset Scaling Code:E6h 

This command resets the scaling to 1 :1 (input count 
equals reported count). 

2.2 PS/2 Message Data Format 

The following PS/2 compliant data format is used by the 
MTA4111 O when transmitting data to the host and when 
receiving data from the host. The data format utilizes an 
11 bit data frame that utilizes8bitsformessagedataand 
3 bits for control. 

Data Frame Format : 

ail Description 

1 Start Bit (always 0) 
2 Message Data Bil O , LSB 
3 Message Data Bit 1 
4 Message Data Bil 2 
5 Message Data Bil 3 
6 Message Data Bit 4 
7 Message Data Bit 5 
8 Message Data Bit 6 
9 Message Data Bit 7 , MSB 
1 o Parity Bit( odd parity) 
11 Stop bit (always 1) 

The MTA4111 o mouse controller transmits the following 
three byte data packet in response to a Read Data (EBh) 
command or when operating in Stream Mode with 
reporting enabled. 

Status Message Data Byte 1: 

e.i!. Description 

o 1 = Primary Button Depressed 
1 1 = Secondary Button Depressed 
2 Reserved 
3 Reserved 
4 X data sign, 1 = negative 
5 Y data sign, 1 = negative 
6 X data overflow, 1 = overflow 
7 Y data overflow, 1 = overflow 

Status Message Data Byte 2: 

DeltaXmotion 

Status Message Data Byte 3: 

Delta Y motion 

05401039-page 4 IPll'®OallililfillillIDIT"Sf' 
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3.0 MOTION ENCODER INTERFACE 

The MT A41110 is designed to interface to both optical 
encoders that utilize LED and photo transistor pairs with 
a chopper wheel or mechanical encoders that utilize a 
commutator with wiper contacts. 

Power consumption is reduced by strobing the motion 
encoder power each time the encoders are sampled. 
The MTA41110 will drive the ODRV output high 8 µS 
(with 4 MHz input clock) prior to sampling the HOR and 
VERT inputs to give the encoders time to stabilize. The 
QDRV output will be driven back low 2 µs after the 
sample is taken. If power consumption is not a concern, 
then the QDRV output can be left unconnected and 
encoders can be powered directly from a constant 
supply (e.g. +5V power), 

An anti-jitter algorithm is employed to eliminate false 
motion counting when the mouse or trackball is not 
moving. This is especially useful in designs employing 
optical encoders since the output of an optical detector 
is an analog signal. The anti-jitter algorithm eliminates 
false counting when a voltage that is not a well defined 
logic low or logic high is applied to either the HOR or 
VERT inputs. 

The HOR and VERT inputs detect positive and negative 
delta motion. Motion direction is defined in the following 
state table along with Figures 3.1 and 3.2. 

FIGURE 3.1 - POSITIVE MOTION SEQUENCE 

HOR1 or 
VERT1 

HOR2 or 
VERT2 

FIGURE 3.2 - NEGATIVE MOTION SEQUENCE 

HOR1 or 
VERT1 

HOR2 or 
VERT2 

Positive Motion: 

Hor1 ,Hor2 / 
Vert1 .Vert2 

0,0 
0,1 
1,1 
1,0 
0,0 
etc. 

Negative Motion: 

Hor1 ,Hor2 / 
Vert1 ,Vert2 

0,0 
1,0 
1, 1 
0,1 
0,0 
etc. 

MTA41110 

Description 

Positive Direction Sequence 

Description 

Negative Direction Sequence 

The HOR and VERT inputs are sampled at -8700 
samples per second with a 4 MHz input clock. The 
sample rate will decrease slightly when communication 
traffic to or from the host is occurring. The sample rate 
is directly proportional to the clock frequency on the 
OSC1 and OSC2 pins. 

© 1994 Microchip Technology Inc. iJ?>IJ'®0illIBllilll1lfillll'W 
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4.0 PUSH-BUTTON INPUTS 

The MTA41110 push-button inputs are defined to be 
active when the input pin is in the low state. The 
appropriate message data bit will be set equal to one 
when a low is sampled at a switch input. When a switch 
input is. sampled in the high state, the appropriate 
message data bit will be set equal to zero. 

5.0 TRACKBALL OPTION 

The MTA41110 can also function as a trackball control
ler. A trackball drag lock switch can be connected to the 
l5BTN input and an LED indicator connected to the 
i5LED output to aid in one-handed trackball operation. 

When using a mouse, a select and drag operation is 
performed by clicking on an object and holding the 
primaiy mouse button down. Moving the mouse then 
drags the object to the desired location. When the 
primaiy button is released the object is placed at the 
desired location. However, when the same select and 
drag operation is performed using a trackball, it may be 
difficult to hold the button depressed and guide ihe 
trackball with the same hand. 

FIGURE 5.1 ·TRACKBALL DRAG LOCK OPERATION 

The MTA4111 O's "drag lock" feature allows this function 
to be accomplished with one' hand. The drag lock is set 
to the "locked" state by momentarily applying a low to the 
DBTN input. This "locked'' state is equivalent to de
pressing and holding the primary mouse button. The 
user then guides the object to the desired location 
without having to hold a button depressed and simulta
neously guide the trackball. The object is placed andthe 
"lock" is released when a low (e.g. button depressed) is 
momentarily applied to any button input. 

The DLED output is latched in the low state (OV) when 
the DBTN input is sampled low (refer to Figure 5.1 ). The 
DLED output will remain low ("locked") until the DBTN 
input is sampled high and then sampled low again. 
Exiting the locked state also occurs if the PBTN input or 
SBTN input is sampled low when the DLED output is low. 
When the DLED output is in low "locked" state, the 
Primaiy Button depressed bit in the status message is 
set high. 
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6.0 ELECTRICAL CHARACTERISTICS 

6.1 ABSOLUTE MAXIMUM RATINGS t 
Ambient temperature under bias 

Storage temperature 

-55°C to + 125°C 

-65°C to +150°C 

Voltage on any pin with respect -0.6V to (VDD +0.6V) 
to Vss (except VDD and MCLR) 

Voltage on MCLR pin with 
respect to V ss 

Voltage on Voo with respect to Vss 

Total power dissipation (Note 2) 

Maximum current out of Vss pin 

Maximum current into Voo pin 

Maximum current into input pin 

Maximum output current sinked 
by any 1/0 or output pin 

Maximum output current sourced 
by any 110 or output pin 

OV to +14.0V 

OVto +9.SV 

800mW 

150mA 

50mA 

±500 µA 

25mA 

20mA 

MTA41110 

Notes: 

1. Voltage spikes below Vss at the MCLR pin, inducing 
currents greater than 80 mA may cause latch-up. 
Thus, a series resistor of 50-100 n should be used 
when applying a "low" level to this pin, rather than 
connecting this pin directly to Vss. 

2. Total power dissipation should not exceed 800 mW for 
the package. The total power dissipation is calculated 
as follows: 

PDIS= VDD x (IDD • LIOH) + L{(VDD- VOH) x loH} +L(VOL 
X IOL) 

© 1994 Microchip Technology Inc. iPll'®~DllililDllil®ll'W 
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MTA41110 

6.2 DC CHARACTERISTICS MTA41110 (COMMERCIAL) 

DC CHARACTERISTICS standard Operating Conditions. (unless otherwise stated). 
Operating Temperature 0°C <TA< 70°C for commercial. 
Operating voltage Voo = 3.0V to 5.5V unless otherwise stated. 

Characteristic Sym. Min. Typ. Max. Units Conditions 

Supply Voltage Voo 3.0 6.25 v Fosc = DC to 4 MHz 

Voo start voltage to guarantee VPOR Vss v 
power-on reset 

Vooriseratetoguaranteepower- SVoo 0.05* V/mS 
on reset 

Supply Current loo 1.8 3.3 mA Fosc = 4 MHz ' Voo = 5.5V 

Input Low Voltage 

MCLR (Schmitt trigger) VILMC .15 Voo v 
OSC1 (Schmitt trigger) VILOSC .3 Voo v 
All other Inputs VIL .2Voo v 

Input High Voltage 

MCLR (Schmitt trigger) VIHMC .85 Voo Voo v 
OSC1 (Schmitt trigger) VIHOSC .7Voo Voo v 
All other Inputs VIH .45 Voo Voo v 

2V Voo 4.0V < Voo s; 5.5V 

Input Leakage Current 

MCLR llLMCL -5 µA VPIN = Voo + 0.25V 

MCLR llLMCH 0.5 +5 µA VPIN=VOO 

OSC1 (Schmitt trigger) llLMCH 0.5 +3 µA Voo s; VPIN s; Voo 

All other Inputs Ill -1 0.5 +1 µA Voo s; VPIN s; Voo 

Output Low Voltage 

OSC2 VOL 0.6 v IOL = 1.6 mA, Voo = 4.5V 

All other Outputs VOL 0.6 v IOL = 8.7 mA, Voo = 4.5V 

Output High Voltage 

OSC2 VOH Voo- .7 v IOH = -1.0 mA, Voo = 4.5V 

All Outputs VOH Voo- .7 v IOH = -5.4 mA, Voo = 4.5V 

*These parameters are based on characterization and are not tested. 
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FIGURE 6.2.1 - INPUT THRESHOLD VOLTAGE (VTH) OF ALL INPUT AND VO PINS EXCEPT 
MCLR AND OSC1 

VTH (Input threshold voltage) of Input pins 

~ 1.40 1---b......,::.=-1----11----1- ~¥=---t----1 
.<:. 
~ 1.20 f----f---__,f--c=--"1f-----t--;; 

0.60 ~--~--~-~~-~--~~-~~-~ 

2.5 3.0 3.5 

FIGURE 6.2.2 - VIH, VIL OF MCLR vs Voo 

4.50 
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~ 3.00 
.ig 
0 2.50 -2:.. 
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r." 
> 1.50 

1.00 

0.50 

0.00 
2.5 3.0 3.5 

4.0 4.5 
Voo (volts) 

5.0 5.5 

VtL, max (-40'C to 'C) 

VtL, TYP, 25"C 
VtL, min (-40"C to 85"C) 

4.0 4.5 5.0 5.5 
VDD (volts) 

Note: These input pins have Schmitt trigger input buffer. 
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FIGURE 6.2;3 ·INPUT THRESHOLD VOLTAGE (VTH) OF OSC1 INPUT 
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FIGURE 6.2.4 • IOH vs VOH, VDD = 3V 
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FIGURE 6.2.5 • IOH vs VoH, Voo = 5V 
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FIGURE 6.2.6 - IOL vs VOL, Voo = 3V 
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FIGURE 6.2.7 - IOL vs VOL, VDD = 5V 
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MTA41110 

6.3 AC CHARACTERISTICS MTA41110 (COMMERCIAL) 

AC CHARACTERISTICS Standard Operating Conditions (unless otherwise stated). 
Operating Temperature 0°C <TA< 70°C for commercial. 
Operating Voltage Voo = 3.0V to 5.5V unless otherwise stated. 
Oscillator Fr~uency = 4 MHz. 

Characteristic Sym. Min. Typ. Max. Untts Conditions 

Oscillator Frequency Fosc DC 4 MHz 

Motion Encoder Timing 

QDRV 

Pulse Period TOP(Note2) 115 µS 

Pulse Width Tow 8 10 12 µS 

HOR1 ,HOR2,VERT1 ,VERT2 

Input Sample Setup Time TENS 3 µS Before QDRV falling edge. 

Input Sample Hold TENH 0 nS After QDRV falling edge. 

VO Timing 

CU< High time TCLKH 30 50 µS 

CLKLowtime TCLKL 30 50 µS 

DATA setup time to CLK falling Tso 5 25 µS 

DATA hold time to CLK rising THO 5 45 

Button Input Timing 

PBTN,SBTN,DBTN 

Input Sample Period TBTP (Note 2) 50 ms 

Input Sample Window width TBTW 280 ns 

RESET Timing 

MCLR pulse width (low) TMCL 100 ns 

Oscillator Start-up Timer Period TOST (Note 1) 9 18 30 ms V00=5.0V 

Notes: 

1. These parameters are based on characterization and are not tested. 

2. Sampling can be suspended if device is receiving data from host or transmission to host is inhibited by host (CLK 
held low) 
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FIGURE 6.3.1 - TIMING DIAGRAMS 
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7.0 APPLICATION EXAMPLE 

The MT A41110 controller can be configured as either a 
mouse ortrackballcontroller. Trackball systems require 
the addition of the components labeled as trackball only. 
These components allow support of a drag lock switch 
and indicator. A pull-up resistor for the drag lock switch 
must be included in trackball systems. For a mouse, the 
DBTN input is simply connected to Voo. 

Three examples of motion encoders are shown in the 
schematics (Document Number 41 XXXEN). Two types 
of optical encoders and a mechanical type are shown. 
Since the MTA41110 employs an anti-jitter algorithm, 
the "basic" style of optical encoder or the mechanical 
encoder are both recommended for use with the 
MTA41110. Use of the "improved" style of optical en
coderthat employs comparators may only be necessary 
in high noise environments. 

All button switches should be of the momentary contact 
type, including the drag lock switch. 

7.1 Host System Device Drivers 

The MTA41110 is compatible with standard IBM PS/2 
device drivers. Additionally, host system software de
vice drivers for use with the MTA41110 are available 
from third party vendors. Contact your local sales office 
for a list of vendors currently offering device drivers that 
support the MT A41110. 
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MTA41110 Based PS/2 Mouse or Trackball 
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Improved Mouse/Trackball Optical Motion Encoder 
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Mouse/Trackball Mechanical Motion Encoder 

Commutator Assy 

-1 

I 

Conductive Whee1 
L _______ _ 

R2 ) Rl. 
J.OK) J.OK 

GND 

Tit1e 

SIN 

cos 

Microchip Techno1ogy Inc. 

2355 West Chand1er B1vd. 
Chand1er, AZ. 85224 

These schematics are of a design examp1e 
which is under deve1opment. Microchip 
Techno1ogy assumes no responsibi1ity for 
content and makes no commitment to 
update this information. 

Typica1 Mechaniea1 Motion Encoder 
siieloOcumen.t- Number 

A 4l.XXXEN 

Date: Au 3 of 

REV 
c 

3 

s: 
);! 
~ ..... ..... ..... 
0 



MTA41110 

8.0 PACKAGING DIAGRAMS AND DIMENSIONS 

See Section 11 of the Data Book. 

9.0 PACKAGE MARKING INFORMATION 

18L PDIP --~ AABB CDE 

18LSOIC 

MMMMMMMMM 
MMMMMMMMM 

Q_~AABB CDE 

20LSSOP 

MMMMMMMM 
MMMMMMMM 

Q~AABB CDE 

Legend: MM ... M 

AA 

BB 

Example 

Example 

MTA41110/P 
@ 1993 A 

~ 9123 CBA 

MTA41110/SO 
@ 1993 A 

[Q_~9118 CDK 

Example 

MTA41110 
@ 1993 A 

Q~9051 CBP 

Microchip part number information 

Year code (last 2 digits of calendar year) 

Week code (week of January 1 is week '01 ') 

C Facility code of the plant at which wafer is manufactured. 

C =Chandler, Arizona, U.S.A. 

D Mask revision number 

E Assembly code of the plant or country of origin in which 
part was assembled. 

Note: In the event the full Microchip part number can not be marked on one line, it 
will be carried over to the next line. 
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SALES AND SUPPORT 

To order or to obtain information, e.g. on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 

PART NO. -X /XX X 

DS401038--page 20 

., 

~::, p 
so 
SS 

PDIP 
300 mil SOIC (Gull Wing Lead) 
209mil SSOP 

...._ _____ Temperature 0°C to +70°C 

Range: -40°C to +85°C 

----------;Device: MTA41110 
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MICROCHIP MTA41111 
Velocity Scaling Mouse and Trackball Controller I.C. 

FEATURES 

• Single-chip two-button mouse or trackball controller 
that supports velocity scaling 

• 10 KHz IBM" PS/2" interface 

• IBM PS/2 mouse compliant 

• Selectable Mouse or Trackball resolutions 

• Strobed motion encoders for reduced system power 
consumption 

• Motion sampling rate of 8700 Samples/second 

• Proprietary anti-jitter algorithm simplifies motion 
encoder interface 

• Available In: 

- 18-lead 300 mil PDIP 
- 18-lead 300 mil SOIC 
- 20-lead 209 mil SSOP 

FIGURE A· PIN CONFIGURATIONS 

PDIP,SOIC 

HISPD • 1 18 DATA-... 
~ DLED 2 17 CLK ---.. voo 3 s:: 16 OSC1 -
-.... MCLR 4 ~ 15 OSC2 -)> 
--vss 5 ~ 14 Voo --HOR1 6 

..... 
13 ODRV -..... 

-HOR2 7 ..... 12 DBTN -..... 
-ABTN 8 11 VERT1-
-PBTN 9 10 VERT2-

IBM and PS/2 are registered trademarks of IBM Corp. 

DESCRIPTION 

TheMTA41111 is the heart of a simple, low-cost, mouse 
or trackball solution. It can be configured to operate as 
an IBM PS/2 compliant mouse or trackball controller. 
The mouse select and drag operation can be accom
plished with a trackball by using the optional drag lock 
input and drag lock LED. This allows for one handed 
select and drag operation when using a trackball. 

MTA41111 

The MTA41111 is an 18-lead low-power CMOS inte
grated circuit. Combined with a few simple external 
components, a complete mouse or trackball system can 
be realized. 

SSOP 

HISPD • 1 20 DATA -
- DLED 2 19 CLK --voo 3 s:: 18 OSC1 .-
--MCLR 4 17 OSC2 -~ -vss 5 16 Voo ~ 
-vss 6 ~ 15 Voo ..... ~ 

-HOR1 7 ..... 
14 QDRV-..... 

-HOR2 8 ..... 13 DBTN -
-ABTN 9 12 VERT1-
- PBTN 10 11 VERT2-

The microcode contained in this product is copyrighted ©1993, all rights reserved. 

© 1994 Microchip Technology Inc. ~ll'®~DllililDOil®ll'W 
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1.0 PIN DESCRIPTIONS 

PIN NAME TYPE DESCRIPTION 

HISPD Input Active high, velocity gain activated 

QDRV Output Active high strobed encoder drive 

HOR1 Input Horizontal quadrature input #1 

HOR2 Input Horizontal quadrature input #2 

PBTN Input Primary mouse button. Active low , 0 = button depressed 

ABTN Input Alternate mouse button. Active low, 0 =button depressed 

DBTN Input Optional trackball drag lock button. Active low, 0 = button de-
pressed. For mouse operation connect this pin to Voo 

VERT1 Input Vertical quadrature input #1 

VERT2 Input Vertical quadrature input #2 

OLEO Output Optional trackball drag LED. For mouse operation this pin is a no 
connect and should be left unconnected 

OSC1 Input 4 MHz crystal or ceramic resonator connection 

OSC2 Output 4 MHz crystal or ceramic resonator connection 

DATA 1/0 Bi-directional data port for PS/2 

CLK Input PS/2 data clock input 

MCLR Input A "low'' voltage on this pin causes a reset condition for the 
MTA41111 controller 

VDD Pwr +SV 

Vss Pwr Ground 

2.0 OPERATION 

Upon power-up, the MTA41111 mouse controller ini
tiates an internal reset sequence. First, all internal 
registers and communication parameters are cleared. 
Next, the status registers are set to the defaultcondition. 
Finally, if the MT A41111 receives a Resend command 
as the first command after power-up, it will transmit a 
AAh followed by a OOh in response. This notifies the host 
that the initialization is complete and that the controller 
is a standard mouse type. This is to ensure compatibility 
with some hosts that do not follow the normally recom
mended behavior of issuing a Reset command as the 
first command after power-up. 

The MT A41111 always confirms reception of a com
mand sent by the host by returning an acknowledge byte 
(FAh). If the host interrupts the transmission of the 
acknowledge byte, the MTA41111 discards the com
plete command. The MTA41111 is then ready to receive 
and acknowledge the next command. Two exceptions to 
the acknowledge after command received rule exist. 
The MT A41111 does not issue an acknowledge upon 
receipt of either the Set Wrap Mode (EEh) or Resend 
(FEh) commands. 

The MTA41111 supports velocity scaling. When acti
vated, it allows the cursor to travel faster based on the 
speed of the mouse or trackball movement. 

2.1 PS/2 COMMANDS 

Command Summary: 

Command 

Reset 
Resend 
Set Default 
Disable Reporting 
Enable Reporting 
Set Report Rate 
Read Device Type 
Set Remote Mode 
Set Wrap Mode 
Reset Wrap Mode 
Read Data 
Set Stream Mode 
Status Request 
Set Resolution 
Set Scaling 
Reset Scaling 

Code Data 

FFh 
FEh 
F6h 
FSh 
F4h 
F3h, XXh 
F2h 
FOh 
EEh 
ECh 
EBh 
EAh 
E9h 
E8h, XXh 
E7h 
E6h 

DS40113A-page 2 [i:?l!l'®~allililHll'il®ll'W 
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2.1.1 Reset Code:FFh 

This command initiates a reset sequence in the 
MTA41111 mouse controller. First, all internal registers 
and communication parameters are cleared. Next, the 
status registers are set to the default condition. Finally, 
the MT A41111 transmits a AAh followed by a OOh, this 
informs the host that the initialization is complete and 
that the controller is a standard mouse type. 

2.1.2 Resend Code:FEh 

Anytime the MT A41111 controller receives an invalidly 
formatted command, it will transmit a Resend command 
to the host. The controller will ignore invalid commands 
and will continue to operate in its present mode. When 
any command other than a Resend is received by the 
controller it will clear its motion and displacement 
counters. 

The host system may send a Resend command to the 
controller if an error is detected in a transmission from 
the controller. When the controller receives a Resend 
command, it will retransmit the last data packet transmit
ted. If the last packet transmitted was a Resend com
mand, the packet prior to the last packet will be re
transmitted. 

2.1.3 Set Default Code:F6h 

The Set Default command re-initializes all controller 
parameters to the power-up state. The controller initial
izes the following status registers. 

Report rate: 
Scaling: 
Mode: 
Resolution: 
Reporting: 

100 reports per second 
Linear 
Streaming 
Physical Resolution I 2 
Disabled 

This command does not initiate any self-test diagnos
tics. The controller remains in the disabled state until 
another command is received from the host. 

2.1.4 Disable Reporting Code: FSh 

The Disable Reporting command prevents data trans
mission by the controller while it is in the Stream Mode. 
However, the controller will still respond to other com
mands. When reporting is disabled, Stream Mode must 
be disabled prior to the host sending a command that 
requires a response by the controller. 

2.1.5 Enable Reporting Code: F4h 

The Enable Reporting command allows the controller to 
transmit data when in Stream Mode. This command has 
no effect while the controller is in Remote Mode. 

MTA41111 

2.1.6 Set Report Rate Code: F3h , XXh 

This command updates the report rate status register 
with the data contained in the second byte of the com
mand. However, the physical report rate remains fixed at 
40 times per second. This command only exists to 
ensure compatibility. 

2.1.7 Read Device Type Code:F2h 

The controller always transmits a OOh in response to 
receiving this command. This informs the host that a 
standard mouse is present. 

2.1.8 Set Remote Mode Code: FOh 

Remote Mode is entered when the controller receives 
this command. In Remote Mode, event packets are 
transmitted to the host only when a read data command 
is received by the controller. 

2.1.9 Set Wrap Mode Code:EEh 

Wrap Mode is entered when the controller receives this 
command. In Wrap Mode, the controller will echo all 
commands that are received back to the host. Note, the 
Reset and Reset Wrap commands will cancel Wrap 
Mode and neither of these commands will be echoed 
back to the host. Wrap Mode can be enabled in either 
Reporting Mode, Stream Mode or Remote Mode. 

2.1.10 Reset Wrap Mode Code:ECh 

This command cancels Wrap Mode. The controller 
remains in the current Reporting Mode. Note, if the 
controller enters Wrap Mode while in Stream Mode and 
then a Reset Wrap Mode command is received, the 
controller will reenter the Stream Mode with Wrap Mode 
disabled. 

2.1.11 Read Data Code:EBh 

The controller will transmit an event packet to the host 
after a read data command is received. This command 
can be issued in either the Remote or Stream Modes. 
The controller will transmit data even if there has not 
been any button changes or motion since the last report. 
The controller clears the motion counters after ever read 
data command. 

2.1.12 Set Stream Mode Code:EAh 

The controller will enterthe Stream Mode upon receiving 
this command. In Stream Mode, event packets are 
transmitted to the host as they occur. 

© 1994 Microchip Technology Inc. [i'l11'@001Ji1il011il®ll')f 
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2.1.13 Status Request Code: E9h 

A three byte status report packet will be transmitted in 
response to this command. These status bytes are 
defined as follows: 

Byte 1: 

.6.i1 Pescrjotjon 

0 
1 
2 
3 
4 
5 
6 
7 

1 = Secondary Button Depressed 
Reserved 
1 = Primary Button Depressed 
Reserved 
1 = 2:1 Scaling 
1 =Enabled 
1 = Remote Mode 

Reserved 
Byte 2: Current Resolution 

Byte 3: Current Sample Rate 

2.1.14 Set Resolution Code: E8h , XXh. 

The controller provides four resolutions selected by the 
second byte of this command. The effective resolution 
is the physical device resolution divided by the divisor 
indicated below. 

Second Byte Descrjotion 

o divideby8 
1 divide by4 
2 divide by2 
3 divide by 1 

2.1.15 Set Scaling Code: E7h 

This command has no effect on resolution and only 
exists to ensure compatibility. 

2.1.16 Reset Scaling Code:E6h 

This command resets the scaling to 1 :1 (input count 
equals reported count). 

2.2 PS/2 Message Data Format 

The following PS/2 compliant data format is used by the 
MTA41111 when transmitting data to the host and when 
receiving data from the host. The data format utilizes an 
11 bitdataframethatutilizes8bilsformessagedataand 
3 bits for control. 

Data Frame Format : 
.6.i1 Description 

1 Start Bit (always O) 
2 Message Data Bit O , LSB 
3 Message Data Bit 1 
4 Message Data Bit 2 
5 Message Data Bit 3 
6 Message Data Bit 4 
7 Message Data Bit 5 
8 Me6sage Data Bit 6 
9 Message Data Bit 7 , MSB 
1 o Parity Bit (odd parity) 
11 Stop bit (always 1) 

The MTA41111 mouse controller transmits the following 
three byte data packet in response to a Read Data (EBh) 
command or when operating in Stream Mode with 
reporting enabled. 

Status Message Data Byte 1: 

flit Description 

0 
1 
2 
3 
4 
5 
6 
7 

1 = Primary Button Depressed 
1 = Secondary Button Depressed 
Reserved 
Reserved 
X data sign, 1 = negative 
Y data sign, 1 = negative 
X data overflow, 1 =overflow 
Y data overflow, 1 =overflow 

Status Message Data Byte 2: 

Delta X motion 

Status Message Data Byte 3: 

Delta Y motion 

DS40113A-page 4 ~D'®001ll1il01fil~D'W 
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3.0 MOTION ENCODER INTERFACE 

The MTA41111 is designed to interface to both optical 
encoders that utilize LED and photo transistor pairs with 
a chopper wheel or mechanical encoders that utilize a 
commutator with wiper contacts. 

Power consumption is reduced by strobing the motion 
encoder power each time the encoders are sampled. 
The MT A41111 will drive the QDRV output high 8 µS 
(with 4 MHz input clock) prior to sampling the HOR and 
VERT inputs to give the encoders time to stabilize. The 
QDRV output will be driven back low 2 µs after the 
sample is taken. If power consumption is not a concern, 
then the QDRV output can be left unconnected and 
encoders can be powered directly from a constant 
supply (e.g. +SV power). 

An anti-jitter algorithm is employed to eliminate false 
motion counting when the mouse or trackball is not 
moving. This is especially useful in designs employing 
optical encoders since the output of an optical detector 
is an analog signal. The anti-jitter algorithm eliminates 
false counting when a voltage that is not a well defined 
logic low or logic high is applied to either the HOR or 
VERT inputs. 

The HOR and VERT inputs detect positive and negative 
delta motion. Motion direction is defined in the following 
state table along with Figures 3.1 and 3.2. 

FIGURE 3.1 - POSITIVE MOTION SEQUENCE 

HOR1 or 
VERT1 

HOR2 or 
VERT2 

r 

FIGURE 3.2 - NEGATIVE MOTION SEQUENCE 

HOR1 or 
VERT1 

HOR2or 
VERT2 r 

l 

l 

Positive Motion: 

Hor1 ,Hor2 / 
Vert1 .Vert2 

0,0 
0,1 
1,1 
1,0 
0,0 
etc. 

Negative Motion: 

Hor1,Hor2 / 
Vert1 Vert2 

0,0 
1,0 
1,1 
0,1 
0,0 
etc. 

MTA41111 

Description 

Positive Direction Sequence 

Description 

Negative Direction Sequence 

The HOR and VERT inputs are sampled at -8700 
samples per second with a 4 MHz input clock. The 
sample rate will decrease slightly when communication 
traffic to or from the host is occurring. The sample rate 
is directly proportional to the clock frequency on the 
OSC1 and OSC2 pins. 

1 

1 
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4.0 PUSH-BUTTON INPUTS TABLE 5.1 ·BALLISTIC GAIN 

The MT A41111 push-button inputs are defined to be 
active when the input pin is in the low state. The 
appropriate message data bit will be set equal to one 
when a low is sampled at a switch input. When a switch 
input is sampled in the high state, the appropriate 
message data bit will be set equal to zero. 

Physical Counts 
(per sample period) 

5.0 TRACKBALL OPTION 

The MTA41111 can also function as a trackball control
ler. A trackball drag lock switch can be connected to the 
DBTN input and an LED indicator connected to the 
DLED output to aid in one-handed trackball operation. 

When using a mouse, a select and drag operation is 
performed by clicking on an object and holding the 
primary mouse button down. Moving the mouse then 
drags the object to the desired location. When the 
primary button is released the object is placed at the 
desired location. However, when the same select and 
drag operation is perfonned using a trackball, it may be 
difficult to hold the button depressed and guide the 
trackball with the same hand. 

The MTA41111 's "drag lock" feature allows this function 
to be accomplished with one hand. The drag lock is set 
to the "locked" state by momentarily applying a low to the 
DBTN input. This "locked" state is equivalent to de
pressing and holding the primary mouse button. The 
user then guides the object to the desired location 
without having to hold a button depressed and simulta
neously guide the trackball. The object is placed and the 
"lock" is released when a low (e.g. button depressed) is 
momentarily applied to any button input. 

The DLED output is latched in the low state (OV) when 
the DBTN input is sampled low (refer to Figure 5.1 ). The 
DLED output will remain low ("locked") until the DBTN 
input is sampled high and then sampled low again. 
Exiting the locked state also occurs if the PBTN input or 
SBTN input is sampled low when the DLED output is low. 
When the DLED output is in low "locked" state, the 
Primary Button depressed bit in the status message is 
set high. 

5.1 Velocity Scaling 

When HISPD is enabled, velocity scaling is activated. 
The velocity scaling is defined in Table 5.1 and illus
trated in Figure 5.2. 
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FIGURE 5.1 -TRACKBALL DRAG LOCK OPERATION 

FIGURE 5.2- MTA41111 BALLISTIC GAIN 

140 

120 

- 100 c 
~ 

8 BO 
a: 
'C 60 &. 
GI a: 40 

20 

0 
0 1 2 3 4 5 6 7 B 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

Input Count 

© 1994 Microchip Technology Inc. lPll'®DOllililOITil®ll'W 
4-67 

DS40113A-page 7 

• 



MTA41111 

6.0 ELECTRICAL CHARACTERISTICS 

6.1 ABSOLUTE MAXIMUM RATINGS t 
Ambient temperature under bias -55°C to +125°C 

Storage temperature -65°C to + 150°C 

Voltage on any pin with respect -0.6V to (Voo +0.6V) 
to Vss (except Voo and MCLR) 

Voltage on MCLR pin with 
respect to V ss 

Voltage on Voo with respect to Vss 

Total power dissipation (Note 2) 

Maximum current out of Vss pin 

Maximum current into Voo pin 

Maximum current into input pin 

Maximum output current sinked 
by any 1/0 or output pin 

Maximum output current sourced 
by any 1/0 or output pin 

0Vto+14.0V 

OV to +9.SV 

800mW 

150mA 

50mA 

±500µA 

25mA 

20mA 

Notes: 

1. Voltage spikes below Vss at the MCLR pin, inducing 
currents greater than 80 mA may cause latch-up. 
Thus, a series resistor of 50-100 n should be used 
when applying a "low'' level to this pin, rather than 
connecting this pin directly to Vss. 

2. Total power dissipation should not exceed 800 mW for 
the package. The total power dissipation is calculated 
as follows: 

Po1S= Voo x (loo - IloH) +I{ (Voo- VoH) x loH} + I(VoL 
X IOL) 
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6.2 DC CHARACTERISTICS MTA41111 (COMMERCIAL) 

DC CHARACTERISTICS Standard Operating Conditions (unless otherwise stated). 
Operating Temperature 0°C <TA< 70°C for commercial. 
Operating voltage Voo = 3.0V to 5.5V unless otherwise stated. 

Characteristic Sym. Min. Typ. Max. Units Conditions 

Supply Voltage Voo 3.0 6.25 v Fosc = DC to 4 MHz 

Voo start voltage to guarantee VPOR Vss v 
power-on reset 

Voo rise rate to guarantee power- SVoo 0.05* V/mS 
on reset 

Supply Current loo 1.8 3.3 mA Fosc = 4 MHz , Voo = 5.5V 

Input Low Voltage 

MCLR (Schmitt trigger) VILMC .15 Voo v 
OSC1 (Schmitt trigger) VILOSC .3 Voo v 
All other Inputs VIL .2Voo v 

Input High Voltage 

MCLR (Schmitt trigger) VIHMC .85 Voo Voo v 
OSC1 (Schmitt trigger) VIHOSC .7Voo Voo v 
All other Inputs VIH .45 Voo Voo v 

2V Voo 4.0V < Voo s; 5.5V 

Input Leakage Current 

MCLR llLMCL .5 µA VPIN = Voo + 0.25V 

MCLR ilLMCH 0.5 +5 µA VPIN=VOO 

OSC1 (Schmitt trigger) ilLMCH 0.5 +3 µA Voo s; VPIN s; Voo 

All other Inputs ill ·1 0.5 +1 µA Voo s; VPIN s; Voo 

Output Low Voltage 

OSC2 VOL 0.6V v IOL = 1.6 mA, Voo = 4.5V 

All other Outputs VOL 0.6V v IOL = 8.7 mA, Voo = 4.5V 

Output High Voltage 

OSC2 VOH VOO· .7 v IOH = -1.0 mA, Voo = 4.5V 

All Outputs VOH VOO· .7 v iOH = -5.4 mA, Voo = 4.5V 

*These parameters are based on characterization and are not tested. 
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FIGURE 6.2.1 • INPUT THRESHOLD VOLTAGE (VTH) OF ALL INPUT AND 110 PINS EXCEPT 
MCLR AND OSC1 

VTH (Input threshold voltage) of Input pins 
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FIGURE 6.2.2 • VIH, VIL OF MCLR vs VDD 
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FIGURE 6.2.3 ·INPUT THRESHOLD VOLTAGE (VTH) OF OSC1 INPUT 
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FIGURE 6.2.4 • IOH vs VOH, VDD = 3V 
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FIGURE 6.2.6 - IOL vs VOL, Voo = 3V 
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6.3 AC CHARACTERISTICS MTA41111 (COMMERCIAL) 

AC CHARACTERISTICS Standard Operating Conditions (unless otherwise stated). 
Operating Temperature 0°C <TA< 70°C for commercial. 
Operating Voltage Voo = 3.0V to 5.5V unless otherwise stated. 
Oscillator Frequency= 4 MHz. 

Characteristic Sym. Min. Typ. Max. Units Conditions 

Oscillator Frequency Fosc DC 4 MHz 

Motion Encoder Timing 

QDRV 

Pulse Period TOP(Note2) 115 µS 

Pulse Width Tow 8 10 12 µS 

HOR1 ,HOR2,VERT1 ,VERT2 

Input Sample Setup Time TENS 3 µS Before QDRV falling edge. 

Input Sample Hold TENH 0 nS After ODRV falling edge. 

l/OTiming 

CLK High time TCLKH 30 50 µS 

CLK Low time TCLKL 30 50 µS 

DA TA setup time to CLK falling Tso 5 25 µS 

DAT A hold time to CLK rising THO 5 45 

Button Input Timing 

PBTN, SBTN, DBTN, HISPD 

Input Sample Period TBTP (Note 2) 50 ms 

Input Sample Window width TBTW 280 ns 

RESET Timing 

MCLR pulse width (low) TMCL 100 ns 

Oscillator Start-up Timer Period TOST (Note 1) 9 18 30 ms Voo = 5.0V 

Notes: 

1. These parameters are based on characterization and are not tested. 

2. Sampling can be suspended if device is receiving data from host or transmission to host is inhibited by host (CLK 
held low) 
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FIGURE 6.3.1 - TIMING DIAGRAMS 
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7.0 PACKAGING DIAGRAMS AND DIMENSIONS 

See Section 11 of the Data Book. 

8.0 PACKAGE MARKING INFORMATION 

18L PDIP 

MMMMMMMMMMMMMMM 
MMMMMMMMMMMMMMM 
~ AABB COE 

18LSOIC 

MMMMMMMMM 
MMMMMMMMM 

[Q_~AABB COE 

20LSSOP 

MMMMMMMM 
MMMMMMMM 

0~ AABB COE 

Legend: MM ... M 

AA 

BB 

Example 

MTA41111/P 
<!:> 1993 A 
~ 9123 CBA 

Example 

MTA41111/SO 
<!:> 1993 A 

0~9118 COK 

Example 

MTA41111 
<!:> 1993 A 

0~9051 CBP 

Microchip part number information 

Year code (last 2 digits of calendar year) 

Week code (week of January 1 is week '01 ') 

C Facility code of the plant at which wafer is manufactured. 

C =Chandler, Arizona, U.S.A. 

D Mask revision number 

E Assembly code of the plant or country of origin in which 
part was assembled. 

Note: In the event the full Microchip part number can not be marked on one line, it 
will be carried over to the next line. 
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SALES AND SUPPORT 

To order or to obtain infomiation, e.g. on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 

PART NO. -X /XX X 

~=' p 
so 
SS 

PDIP 
300 mil SOIC (Gull Wing Lead) 
209 milSSOP 

------1 Temperature 0°C to +70°C 
Range: -40°C to +85°C 

'----------i-11 Device: MTA41111 
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MICROCHIP MTA41120 
ADB™ Mouse/Trackball Controller I.C. * 

FEATURES 

• Single-chip two-button mouse or trackball controller 

• Built in collision detection so that multiple devices 
may be connected to the host interface without 
conflict 

• Strobed motion encoders for reduced system power 
consumption 

• Proprietary anti-jitter algorithm simplifies motion 
encoder interface 

• Motion sampling rate of 6000 samples/second 

• Available In: 

18-lead 300 mil PDIP 
18-lead 300 mil SOIC 
20-lead 209 mil SSOP 

FIGURE A - PIN CONFIGURATIONS 

PDIP,SOIC 

---- RLED • 1 18 DIN ----- DLED 2 17 oour-
_..VDD 3 !!:: 16 OSC1 -
_..MCLR 4 -I 15 OSC2 -)> -.-vss 5 

""' 
14 VDD -.... 

-HOR1 6 .... 13 QDRV -
-HOR2 7 I\) 12 DBTN -0 
-ABTN B 11 VERT1-
-PBTN 9 10 VERT2-

•Apple Macintosh Compatible Host Interface 

Apple" and Macintosh~ are registered trademarks of Apple Corp. 

Apple Desktop Bus (ADB) is a trademark of Apple Corp. 

DESCRIPTION 

The MTA41120 is the heart of a simple, low-cost, mouse 
or trackball solution. It can be configured to operate as 
either an Apple Macintosh compatible mouse ortrackball 
controller. The mouse select and drag operation can be 
performed with a trackball by using the optional drag lock 
input and drag lock LED. This allows for one handed 
select and drag operation when using a trackball. The 
MTA41120 does not require special host system device 
drivers. 

MTA41120 

The MTA41120 is an 18-lead low-power CMOS inte
grated circuit. Combined with a few simple external 
components, a complete mouse or trackball system can 
be realized. 

SSOP 

-RLED DIN -- DLED Dour --
--voo OSC1 ._ 
__. MCLR OSC2 --
--vss VDD ._ 
-vss VDD ._ 
--HOR1 QDRV-

-- HOR2 DBTN -
-- ABTN VERT1-
-- PBTN VERT2-

The microcode contained in this product is copyrighted ©1993, all rights reserved. 
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1.0 PIN DESCRIPTIONS 

PIN NAME TYPE 

QDRV Output 

HOR1 Input 

HOR2 Input 

PBTN Input 

ABTN Input 

DBTN Input 

VERT1 Input 

VERT2 Input 

RLED Output 

DLED Output 

OSC1 Input 

OSC2 Output 

DIN Input 

DOUT QC-Output 

MCLR Input 

Voo Pwr 

Vss Pwr 

2.0 OVERVIEW 

The MTA41120 mouse and trackball controller is com
pliant with all specifications that apply to the Host Inter
face. Its collision detection and recovery algorithms 
allow it to be used in systems where one or more devices 
may be connected to the host interface. 

The drag lock button input allows the MTA41120 to be 
used as either a trackball controller or a mouse control
ler. 

DESCRIPTION 

Active high strobed encoder drive 

Horizontal quadrature Input #1 

Horizontal quadrature Input #2 

Primary mouse button. Active low , O = button depressed 

Alternate mouse button. Active low; O = button depressed 

Optional trackball drag lock button. Active low, O =button 
depressed. For mouse operation connect this pin to Voo 

Vertical quadrature input #1 

Vertical quadrature input #2 

Optional high resolution LED. Indicates mouse or trackball is in 
high resolution mode. If high resolution LED is not required then 
this pin is a no connect and should be left unconnected 

Optional trackball drag LED. For mouse operation this pin is a 
no connect and should be left unconnected 

4 MHz crystal or ceramic resonator connection 

4 MHz crystal or ceramic resonator connection 

Input data port for host communication 

Open Collector output for data communication with host 

A "low'' voltage on this pin causes a reset condition for the 
MTA41120 controller 

+SV 

Ground 

The MTA41120 supports two LED indicators that indi
cate operation in high resolution mode and when a drag 
lock operation is occurring. High Resolution mode is 
entered in response to a command from a host and is 
indicated by the RLED pin being driven low. 
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3.0 MOTION ENCODER INTERFACE 

The MTA41120 is designed to interface to both optical 
encoders that utilized LED and photo transistor pairs 
with a chopper wheel or mechanical encoders utilizing a 
commutator with wiper contacts. 

The HOR and VERT inputs are sampled at -6000 
samples per second with a 4 MHz input clock. The 
sample rate may decrease slightly when communication 
traffic to or from the host is occurring. The sample rate is 
directly proportional to the clock frequency on the OSC1 
and OSC2 pins. 

Power consumption is reduced by strobing the motion 
encoder power each time the encoders are sampled. 
The MT A41120 will drive the QDRV output high 1 O us 
(with 4 MHz input clock) prior to sampling the HOR and 
VERT inputs to give the encoders time to stabilize. The 
QDRV output will be driven back low 2 us after the 
sample is taken. If power consumption is not a concern 
then the QDRV output can be left unconnected and 
encoders can be powered directly from a constant sup
ply (e.g. +SV power). 

An anti-jitter algorithm is employed to eliminate false 
motion counting when the mouse or trackball is not 
moving. This is especially useful in designs employing 
optical encoders since the output of an optical detector 
is an analog signal. The anti-jitter algorithm eliminates 
false counting when a voltage that is not a well defined 
logic low or logic high is applied to either the HOR or 
VERT inputs. 

FIGURE 3.1 - POSITIVE MOTION SEQUENCE 

HOR1 or 
VERT1 

HOR2or 
VERT2 

J 

FIGURE 3.2 - NEGATIVE MOTION SEQUENCE 

HOR1 or 
VERT1 

HOR2or 
VERT2 I 

1 

1 

MTA41120 

The HOR and VERT inputs detect positive and negative 
delta motion. Motion direction is defined in the following 
state table and is illustrated in Figures 3.1 and 3.2. 

Positive Motion: 

Hor1, Hor2 I 
Vert1, Vert2 

0,0 
0,1 
1,1 
1,0 
0,0 
etc. 

Negative Motion: 

1 

1 

Hor1, Hor2 I 
Vert1.Vert2 

0,0 
1,0 
1,1 
0,1 
0,0 
etc. 

Description 

Positive Direction Sequence 

Description 

Negative Direction Sequence 

© 1994 Microchip Technology Inc. [,'VIJ'@OoDiJiloOil®ll'lf 
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4.0 PUSH-BUTTON INPUTS 

The MTA41120 push-button inputs are defined to be 
active when the input pin is in the low state. The 
appropriate message data bit will be set equal to one 
when a low is sampled at a switch input. When a switch 
input is sampled in the high state the appropriate 
message data bit will be set equal to zero. The push
button inputs are internally debounced to eliminate 
"false" button status reporting. 

5.0 TRACKBALL OPTION 

The MTA41120 can also function as a trackball control
ler. A trackball drag lock switch can be connected to the 
DBTN input and an LED indicator connected to the 
OLEO output to aid in one-handed trackball operation. 

When using a mouse a select and drag operation is 
performed by clicking on an object and holding the 
primary mouse button down. Moving the mouse then 
drags the object to the desired location. When the 
primary button is released the object is placed at the 
desired location. However, when the same select and 
drag operation is performed using a trackball, it may be 
difficult to hold the button depressed and guide the 
trackball with the same hand. 

The MTA41120's "drag lock" feature allows this function 
to be accomplished with one hand. The drag lock is set 
to the "locked" state by momentarily applying a low to the 
DBTN input. This "locked" state is equivalent to depress
ing and holding the primary mouse button. The user then 
guides the object to the desired location without having 
to hold a button depressed and simultaneously guide the 
trackball. The object is placed and the "lock" is released 
when a low (e.g. button depressed} is momentarily 
applied to any button input. 

The OLEO output is latched in the low state (OV} when 
the DBTN input is sampled low (refer to Figure 5.1). The 
OLEO output will remain low ("locked"} until the DBTN 
input is sampled high and then sampled low again. 
Exiting the locked state also occurs if the PBTN input or 
SBTN input is sampled low when the OLEO output is low. 

FIGURE 5.1 -TRACKBALL DRAG LOCK OPERATION 

05401029--page 4 ~ll'®~olliJilollil®ll'W 
4-80 

© 1994 Microchip Technology Inc. 



6.0 ELECTRICAL CHARACTERISTICS 

6.1 Absolute Maximum Ratings t 

Ambient temperature under bias -55°C to + 125°C 

Storage temperature -65°C to + 150°C 

Voltage on any pin with respect 
to Vss (except Voo and MCLR) -0.6V to (Voo +0.6V) 

Voltage on MCLR pin with 
respect to Vss 

Voltage on Voo with respect to Vss. 

Total power dissipation (Note 2) 

Maximum current out of Vss pin 

Maximum current into Voo pin 

Maximum current into input pin 

Maximum output current sinked 
by any 110 or output pin 

Maximum output current sourced 
by any 1/0 or output pin 

0Vto+14.0V 

0Vto+9.5V 

BOO mW 

150mA 

50mA 

±500µA 

25mA 

20mA 

MTA41120 

Notes: 

1. Voltage spikes below Vss at the MCLR pin, inducing 
currents greater than 80 mA may cause latch-up. 
Thus, a series resistor of 50-100n should be used 
when applying a "low" level to this pin, rather than 
connecting this pin directly to Vss. 

2. Total power dissipation should not exceed 800 mW 
for the package. The total power dissipation is calcu
lated as follows: 

Pdis = Voo x (loo - l:loh) + l:{(Voo- Voh) x loh} + 
l:(Volx lol) 

© 1994 Microchip Technology Inc. ~ll'®OHllililallil~ll'W 
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MTA41120 

6.2 DC CHARACTERISTICS MTA41120 (COMMERCIAL) 

DC CHARACTERISTICS Standard Operating Conditions (unless otherwise stated). 
Operating Temperature 0°c <TA< 70°C for commercial. 
Operating voltage Voo = 3.0V to 5.5V unless otherwise stated. 

Characteristic Sym. Min. Typ. Max. Units Conditions 

Supply Voltage Voo 3.0 6.25 v Fosc = DC to 4 MHz 

Voo start voltage to guarantee VPOR Vss v 
power-on reset 

Voo rise rate to guarantee power- SVoo 0.05* V/mS 
on reset 

Supply Current loo 1.8 3.3 mA Fosc = 4 MHz , Voo = 5.5V 

Input Low Voltage 

MCLR (Schmitt trigger) VILMC .15 Voo v 
OSC1 (Schmitt trigger) VILOSC .3Voo v 
All other Inputs VIL .2Voo v 

Input High Voltage 

MCLR (Schmitt trigger) VIHMC .85 Voo Voo v 
OSC1 (Schmitt trigger) VIHOSC .7Voo Voo v 
All other Inputs VIH 2.0 Voo v 4.45V $ Vss $ 5.5V 

.45 Voo Voo Voo < 4.45V 

.36 Voo Voo VDD>5.5V 

Input Leakage Current 

MCLR llLMCL -5 µA VPIN = Vss + 0.25V 

MCLR llLMCH 0.5 +5 µA VPIN = Voo 

OSC1 (Schmitt trigger) llLMCH -3 0.5 +3 µA Vss $ VPIN $ Voo 

All other Inputs Ill -1 0.5 +1 µA Vss $ VPIN $ Voo 

Output Low Voltage 

OSC2 VOL 0.6V v IOL = 1.6 mA, Voo = 4.5V 

All other Outputs VOL 0.6V v IOL = 8.7 mA, Voo = 4.5V 

Output High Voltage 

OSC2 VOH Voo- .7 v JOH =-1.0 mA, Voo = 4.5V 

All other Outputs VOH Voo - .7 v IOH =-5.4 mA, Voo = 4.5V 

*These parameters are based on characterization and are not tested. 
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MTA41120 

FIGURE 6.2.1 - INPUT THRESHOLD VOLTAGE (VTH) OF ALL INPUT AND VO PINS EXCEPT 
MCLR AND OSC1 

VTH (Input threshold voltage) of Input pins 

"' i 1.40 

~ 1.20 1-----l----l---=--"""""l---~C---; 

2.5 3.0 3.5 

FIGURE 6.2.2 - VIH, VIL OF MCLR vs VDD 

4.50 

4.00 

3.50 

3.00 
~ 

2.50 ~ 
....J 

> 2.00 
:r:" 
> 1.50 

1.00 

0.50 

0.00 
2.5 3.0 3.5 

4.0 4.5 
Voo (volts) 

5.0 5.5 

VIL, max (-40"C to 5"C) 

VIL, TYP, 25"C 
VIL, min (-40"C to 85"C) 

4.0 4.5 5.0 5.5 
Voo (volts) 

Note: These input pins have Schmitt trigger input buffer. 
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FIGURE 6.2.3 - INPUT THRESHOLD VOLTAGE (VTH) OF OSC1 INPUT 

3.40 

3.20 

3.00 

2.80 

2.60 

~ 2.40 
0 
~ 2.20 

~ 2.00 

1.80 

1.60 
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1.20 
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FIGURE 6.2.4 - IOH vs VOH, VDD = 3V 
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FIGURE 6.2.5 - IOH vs VoH, Voo = sv 
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FIGURE 6.2.6 - IOL vs VOL, Voo = 3V 
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FIGURE 6.2.7- IOL vs VOL, Voo = 5V 
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MTA41120 

6.3 AC CHARACTERISTICS MTA41120 (COMMERCIAL) 

AC CHARACTERISTICS Standard Operating Conditions (unless otherwise stated). 
Operating Temperature 0°C <TA< 70°C for commercial. 
Operating Voltage Voo = 3.0V to 5.5V unless otherwise stated. 
Oscillator Frequency = 4 MHz. 

Characteristic Sym. Min. Typ. Max. Units Conditions 

Oscillator Frequency Fosc DC 4 MHz 

Motion Encoder Timing 

QDRV 

Pulse Period TOP(Note2) 166 µS 

Pulse Width Tow 11 12 13 µS 

HOR1 ,HOR2,VERT1 ,VERT2 

Input Sample Setup Time TENS 2 µS Before QDRV falling edge. 

Input Sample Hold TENH 0 nS After QDRV falling edge. 

Button Input Timing 

PBTN,SBTN,DBTN 

Input Sample Period TBP (Note2) 10 ms 

Input Sample Window width TBTU 280 ns 

RESET Timing 

MCLR Pulse Width (low) TMCL 100 ns 

Oscillator Start-up Timer Period TOST(Note1) 9 18 30 ms VDD= 5.0V 

Notes: 

1. These parameters are based on characterization and are not tested. 

2. Sampling period can increase if device is receiving data from host or when transmitting to host. 
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FIGURE 6.3.1 - TIMING DIAGRAMS 
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7.0 APPLICATION EXAMPLE 

The MTA41120 controller can be configured as either a 
mouse or trackball controller. Trackball systems require 
the addition of the components labeled as trackball only. 
These components allow support of a drag lock switch 
and indicator. A pull-up resistor for the drag lock switch 
must be included in trackball systems. For a mouse the 
DBTN input is simply connected to Voo. 

Three examples of motion encoders are shown in the 
schematics (Document number 41 XXXEN). Two types 
of optical encoders and a mechanical type are shown. 
Since the MTA41120 employs an anti-jitter algorithm, 
the "basic" style of optical encOcler or the mechanical 
encoder are both recommended for use with the 
MTA41120. Use of the "improved' style of optical 
encoder that employs comparators, may only be neces
sary in high noise environments. 

All button switches should be of the momentary contact 
type, including the drag lock switch. 

05401028-page 12 C 1994 Microchip Technology Inc. 
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MTA41120 

8.0 PACKAGING DIAGRAMS AND DIMENSIONS 

See Section 11 of the Data Book. 

9.0 PACKAGE MARKING INFORMATION 

18L PDIP 

MMMMMMMMMMMMMMM 
MMMMMMMMMMMMMMM 
~ AABB COE 

18LSOIC 

MMMMMMMMM 
MMMMMMMMM 

O~AABB CDE 

20LSSOP 

MMMMMMMM 
MMMMMMMM 

O~AABB CDE 

Legend: MM ... M 

AA 

BB 

Example 

Example 

Ml'A41120/P 
e 1993 A 
~ 9123 CBA 

Ml'A41120/SO 
@ 1993 A 

0~9118 CDK 

Example 

Ml'A41120/ 
@ 1993 A 

0~9051 CBP 

Microchip part number information 

Year code (last 2 digits of calendar year) 

Week code (week of January 1 is week '01 ') 

C Facillty code of the plant at which wafer is manufactured. 

C =Chandler, Arizona, U.S.A. 

D Mask revision number 

E Assembly code of the plant or country of origin in which 
part was assembled. 

Note: In the event the full Microchip part number can not be marked on one line, it 
will be carried over to the next line. 

C 1994 Microchip Technology Inc. iFlll'®~illlililollil@ll'W 
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SALES AND SUPPORT 

To order or to obtain information, e.g. on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 

PART NUMBERS 

Revision 

Package: P = PDIP 
SO = 300 mil SOIC (Gull Wing Lead) 
SS = 209 mil SSOP 

'--------~_J Tempsrature - = 0°C to +70°C (COMMERCIAL) l Range: I = -40°C to +85°C (INDUSTRIAL) 

.__--------11 Device: MTA41120 
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MICROCHIP MTA41300 
PS/2® and Serial Mouse and Trackball Controller I.C. 

FEATURES 

• Mouse and trackball controller IC 

• Selectable RS-232 Serial or IBM- PS/29 interfaces 

• Microsoft9 serial interface format and IBM PS/2 
mouse compliant 

• Single-chip, two-button mouse or trackball controller 

• 1200,N,7, 1 - RS-232 serial communication fonnat 

• 1 O KHz PS/2 interface 

• Fixed mouse and trackball resolution 

• Motion sampling rate of 12000 samples/second in 
PS/2 Mode and 15000 samples/second in RS-232 
Mode 

• Available in: 

-18-lead 300 mil PDIP 

-18-lead 300 mil sore 
- 20-lead 209 mil SSOP 

FIGURE A - PIN CONFIGURATIONS 

PDIP,SOIC 

--DBTN •1 18 SBTN-
--MODE 2 17 PBTN -
--voe 3 

== 
16 OSC1 -

--MCLR 4 ~ 15 OSC2 -
--vss 5 .. 14 Voo --HOR1 6 

.. 
13 QDRV-"' -HOR2 7 8 12 DBTN -

-ABTN 8 11 VERT2-
-PBTN 9 10 VERT1-

IBM and PS/2 are registered trademarks of IBM Corp. 
Microsoft is a registered trademark of Microsoft Corp. 

DESCRIPTION 

The MTA41300 is the heart of a simple, low-cost, mouse 
or trackball solution. It can be configured to operate as 
either an IBM PS/2 compliant mouse or as a serial 
mouse that is Microsoft serial format compatible. Both 
interface options are also available when the MT A41300 
is used as a trackball controller. The mouse select and 
drag operation can be performed with a trackball by 
using the optional drag lock input and drag lock LED. 
This allows for one-handed select and drag when using 
a trackball. 

MTA41300 

The MTA41300 is an 18-lead low-power CMOS inte
grated circuit. Combined with a few simple external 
components, a complete mouse or trackball system can 
be realized. 

SSOP 

--DBTN SBTN --
--. MODE PB'ffi --
--voe OSC1 ...-

---~ OSC2 -
--vss Voe ..._ 
-vss Voe ----HOR1 QDRV-
-HOR2 DBTN -
-ABTN VERT2-

- PBTN VERT1-

The code in this product was not developed or licensed by Microsoft Corporation. 
The microcode contained in this product is copyrighled 01993, all rights reserved. 

@ 1994 Microchip Technology Inc. !il>ll'®0H!li1ilHllil@ll'W 
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1.0 PIN DESCRIPTIONS 

PIN NAME TYPE 

TXD Output 

MODE Input 

HOR1 Input 

HOR2 Input 

PBTN Input 
--
SBTN Input 
--
DBTN Input 

VERT1 Input 

VERT2 Input 

OLEO Output 

OSC1 Input 

OSC2 Output 

DATA 1/0 

CLK 1/0 

MCLR Input 

Voo Pwr 

Vss Pwr 

2.0 SERIAL MOUSE MODE 
OPERATION 

When operating in serial mouse mode the MTA41300 
mouse controller is a transmit only device. The 
MTA41300 transmits a fixed format data packet at 1200 
baud to the host when a button press or mouse motion 
is detected. 

2.1 Reset Initialization 

The MTA41300 will transmit a "M" character immedi
ately after power-up or when a reset is initiated by the 
host. This character notifies the host that the message 
format is Microsoft serial format compliant. The 
MTA41300 is placed in the reset state when the MCLR 
pin is driven low. 

2.2 Serial Mode Message Format 

The following Microsoft serial interface compliant data 
format is broadcast by the MTA41300 when transmitting 

DESCRIPTION 

Data port for RS-232 serial data. Active low. For IBM PS/2 
Mode, this pin is a no connect and should be left open 

Mode select 1 = PS/2, O = RS-232 serial 

Horizontal quadrature Input #1 

Horizontal quadrature Input #2 

Primary mouse button. Active low, O =button depressed 

Secondary mouse button. Active low, O = button depressed 

Optional trackball drag lock button. Active low, o =button 
depressed. For mouse only operation, connect this pin to 
VDD 

Vertical quadrature input #1 

Vertical quadrature input #2 

Optional trackball drag LED. For mouse only operation, this 
pin is a no connect and should be left open 

4 MHz crystal or ceramic resonator connection 

4 MHz crystal or ceramic resonator connection 

Bidirectional data port for PS/2. For Serial Mouse Mode, this 
pin is a no connect and should be left open 

PS/2 data clock input. For Serial Mouse Mode, this pin is a 
no connect and should be left open 

A "low" voltage on this pin causes a reset condition for the 
MTA41300 controller 

+SV 

Ground 

data to the host. The 1200 baud data format utilizes a 
9-bit data frame that consists of 7 bits of message data 
and 2 control bits. 

Data Frame Format : 

§it Description 

1 Start Bit (always 0) 
2 Message Data Bit 0, LSB 
3 Message Data Bit 1 
4 Message Data Bit 2 
5 Message Data Bit 3 
6 Message Data Bit 4 
7 Message Data Bit 5 
8 Message Data Bit 6, MSB 
9 Stop bit (always 1) 

The MTA41300 mouse controller transmits the following 
three byte Microsoft serial interface compliant data 
packet in response to a mouse event. 

DS40101B-page 2 W'll'@Dnllililnllil~ll'W 
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Message Data Byte 1: 

Bit Description 

6 Always = 1 (message sync bit) 
5 1 = Primary Button Depressed 
4 1 = Secondary Button Depressed 
3 Vertical Motion bit 7 (MSB) 
2 Vertical Motion bit 6 
1 Horizontal Motion bit 7 (MSB) 
O Horizontal Motion bit 6 

Message Data Byte 2: 

Bit Description 

6 Always= 0 
5 Horizontal Motion bit 5 
4 Horizontal Motion bit 4 
3 Horizontal Motion bit 3 
2 Horizontal Motion bit 2 
1 Horizontal Motion bit 1 
O Horizontal Motion bit 0 

Message Data Byte 3: 

Bit Description 

6 Always=O 
5 Vertical Motion bit 5 
4 Vertical Motion bit 4 
3 Vertical Motion bit 3 
2 Vertical Motion bit 2 
1 Vertical Motion bit 1 
O Vertical Motion bit O 

3.0 IBM PS/2 MODE OPERATION 

Upon power-up the MTA41300 mouse controller ini
tiates an internal reset sequence. First, all internal 
registers and communication parameters are cleared. 
Next, the status registers are setto the default condition. 
Finally, if the MTA41300 receives a Resend command 
as the first command after power-up, it will transmit a 
AAh followed by a OOh in response. This notifies the host 
that the initialization is complete and that the controller 
is a standard mouse type. This is to ensure compatibility 
with some hosts that do not follow the normally recom
mended behavior of issuing a Reset command as the 
first command after power-up. 

The MTA41300 always confirms reception of a com
mand sent by the host by returning an acknowledge byte 
(FAh). If the host interrupts the transmission of the 
acknowledge byte, the MTA41300 discards the com
plete command. The MTA41300 is then ready to receive 
and acknowledge the next command. Two exceptions 
to the acknowledge after command received rule exist. 
The MTA41300 does not issue an acknowledge upon 
receipt of either the Set Wrap Mode (EEh) or Resend 
(FEh) commands. 

MTA41300 

3.1 PS/2 Mode Commands 

Command Summary: 

Command 

Reset 
Resend 
Set Default 
Disable Reporting 
Enable Reporting 
Set Report Rate 
Read Device Type 
Set Remote Mode 
Set Wrap Mode 
Reset Wrap Mode 
Read Data 
Set Stream Mode 
Status Request 
Set Resolution 
Set Scaling 
Reset Scaling 

3.1.1 Reset 

Code 

FFh 
FEh 
F6h 
F5h 
F4h 
F3h, XXh 
F2h 
FOh 
EEh 
ECh 
EBh 
EAh 
E9h 
EBh,XXh 
E7h 
E6h 

Code: FFh 

This command initiates a reset sequence in the 
MTA41300 mouse controller. First, all internal registers 
and communication parameters are cleared. Next, the 
status registers are set to the default condition. Finally, 
the MT A41300 transmits a AAh followed by a OOh, this 
notifies the host that the initialization is complete and 
that the controller is a standard mouse type. 

3.1.2 Resend Code:FEh 

Anytime the MTA41300 controller receives an invalidly 
formatted command, it will transmit a Resend command 
to the host. The controller will ignore invalid commands 
and will continue to operate in its present mode. When 
any command other than a resend is received by the 
controller, it will clear its motion and displacement 
counters. 

The host system may send a Resend command to the 
controller if an error is detected in a transmission from 
the controller. When the controller receives a Resend 
command, it will retransmit the last data packet transmit
ted. If the last packet transmit was a resend command, 
the packet prior to the last packet will be retransmitted. 

3.1.3 Set Default Code:FEh 

The Set Default command re-initializes all controller 
parameters to the power-up state. The controller initial
izes the following status registers, which only exist to 
ensure compatibility. 

Report rate: 100 reports per second 
Scaling: Linear 
Mode: Streaming 
Resolution: Physical resolution 
Reporting: Disabled 

This command does not initiate self test diagnostics. 
The controller remains in the disabled state until another 
command is received from the host. 

© 1994 Microchip Technology Inc. IP1r@~ollililollll®ll'W 
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3.1.4 Disable Reporting Code: F5h 

The Disable Reporting command prevents data trans
mission by the controller while it is in the Stream Mode. 
However, the controller will still respond to other com
mands. When reporting is disabled, Stream Mode must 
be disabled prior to the host sending a command that 
requires a response by the controller. 

3.1.5 Enable Reporting Code:F4h 

The Enable Reporting command allows the controller to 
transmit data when in Stream Mode. This command has 
no effect while the controller is in Remote Mode. 

3.1.6 Set Report Rate Code: F3h, XXh 

This command updates the report rate status register 
with the data contained in the second byte of the com
mand. However, the actual report rate remains fixed at 
40 times per second. This command only exists to 
ensure compatibility. 

3.1.7 Read Device Type Code: F2h 

The controller always transmits a OOh in response to 
receiving this command. This informs the host that a 
standard mouse is present. 

3.1.8 Set Remote Mode Code: FOh 

Remote Mode is entered when the controller receives 
this command. In Remote Mode, event packets are 
transmitted to the host only when a read data command 
is received by the controller. 

3.1.9 Set Wrap Mode Code:EEh 

Wrap Mode is entered when the controller receives this 
command. In Wrap Mode, the controller will echo all 
commands that are received back to the host. Note, the 
Reset and Reset Wrap commands will cancel wrap 
mode and neither of these commands will be echoed 
back to the host. Wrap Mode can be enabled in either 
Reporting, Stream or Remote Mode. 

3.1.10 Reset Wrap Mode Code:ECh 

This command cancels Wrap Mode. The controller 
remains in the current Reporting Mode. Note, if the 
controller enters Wrap Mode while in Stream Mode and 
then a Reset Wrap Mode command is received, the 
controller will reenter the Stream Mode with Wrap Mode 
disabled. 

3.1.11 Read Data Code:EBh 

The controller will transmit an event packet to the host 
after a Read Data command is received. This command 
can be issued in the Remote or Stream Mode. The 
controller will transmit data even if there has not been 
any button changes or motion since the last report. The 
controller clears the motion counters after every read 
data command. 

3.1.12 Set Stream Mode Code:EAh 

The controllerwill enterthe Stream Mode upon receiving 
this command. In Stream Mode event packets are 
transmitted to the host as they occur. 

3.1.13 Status Request Code:E9h 

A three byte status report packet will transmit in re
sponse to this command. These status bytes are defined 
as follows: 

Byte 1: 

Bit 

0 
1 
2 
3 
4 
5 
6 
7 

Byte2: 

Byte3: 

Descriotion 

1= Secondary Button Depressed 
Reserved 
1= Primary Button Depressed 
Reserved 
1= 2:1 scaling 
1= Enabled 
1= Remote Mode 
Reserved 

Current Resolution 

Current Sample Rate 

3.1.14 Set Resolution Code:E8h,XXh 

This command has no effect and only exists to ensure 
compatibility. The physical device resolution is always 
the resolution of the mouse or trackball. 

3.1.15 Set Scaling Code:E7h 

This command has no effect on resolution and only 
exists to ensure compatibility. The scaling will always be 
1 :1. 

3.1.16 Reset Scaling Code:E&h 

This command has no effect on resolution and only 
exists to ensure compatibility. The scaling will always be 
1 :1. 

3.2 PS/2 Message Data Format 

The following PS/2 compliant data format is used by the. 
MTA41300 when transmitting data to the host and when 
receiving data from the host. The data format utilizes an 
1-bit data frame that utilizes 8 bits for message data and 
3 bits for control. 
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PS/2 Data Frame Format : 

Bit Description 

t Start Bit (always 0) 
2 Message Data Bit 0, LSB 
3 Message Data Bit t 
4 Message Data Bit 2 
5 Message Data Bit 3 
6 Message Data Bit 4 
7 Message Data Bit 5 
8 Message Data Bit 6 
9 Message Data Bit 7, MSB 
to Parity Bit (odd parity) 
t t Stop bit (always t) 

The MTA4 t 300 mouse controller transmits the following 
three-byte data packet in response to a Read Data (EBh) 
command or when operating in stream mode with report
ing enabled. 

Status Message Data Byte t: 

Bit Description 

O t = Primary Button Depressed 
t t= Secondary Button Depressed 
2 Reserved 
3 Reserved 
4 X data sign, t = negative 
5 Y data sign, t =negative 
6 X data overflow, t = overflow 
7 Y data overflow, t = overflow 

Status Message Data Byte 2: Delta X motion 

Status Message Data Byte 3: Delta Ymotion 

FIGURE 4.1 - POSITIVE MOTION INPUT 

HORt or VERTt 

HOR2 or VERT2 
_J 

FIGURE 4.2 - NEGATIVE MOTION INPUT 

HORt orVERTt J 

HOR2 or VERT2 J 

MTA41300 

4.0 MOTION ENCODER INPUTS 

The MTA4t300 is designed to interface with either 
optical encoders that utilized LED and phototransistor 
pairs with a chopper wheel, or mechanical encoders 
utilizing a commutator with wiper contacts. The HOR 
and VERT inputs detect positive and negative delta 
motion. Motion direction is defined in the following state 
table. Refer to Figures 4. t and 4.2. 

Positive Motion: 

Hort, Hor2/ 
Vertt ,Vert2 

0,0 
0,t 
t ,t 
t,0 
0,0 
etc. 

Negative Motion: 

Hort, Hor2/ 
Vertt ,Vert2 

0,0 
t,O 
t ,t 
O,t 
0,0 
etc. 

Description 

Positive Direction 
Sequence 

Description 

Negative Direction 
Sequence 

The HOR and VERT inputs are sampled at approxi
mately t2000 samples per second with a 4 MHz input 
clock. The sample rate will decrease when communica
tion traffic to or from the host is occurring. There is a one 

l 

1 
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to one correlation between encoder transitions and the 
motion data that is transmitted to the host. For example, 
a transition of 0, 1 to 1, 1 on the horizontal encoder inputs 
(HOR1, HOR2) will result in one bit of horizontal motion 
as broadcast to the host. The sample rate, along with all 
other timed events related to the controller, is directly 
proportional to the clock frequency on the OSC1 and 
OSC2pins. 

An anti-jitter algorithm is employed to eliminate false 
motion counting when the mouse or trackball is not 
moving. This is especially useful in designs employing 
optical encoders since the output of an optical detector 
is an analog signal. The anti-jitter algorithm eliminates 
false counting when a voltage that is not a well defined 
logic low or logic high is applied to either the HOR or 
VERT inputs. 

5.0 PUSHBUTTON INPUTS 

The MTA41300 pushbutton inputs are defined to be 
active when the input pin is in the low state. The 
appropriate message data bit will be set equal to one 
when a low is sampled at a switch input. When a switch 
input is sampled in the high state the appropriate mes
sage data bit will be set equal to zero. 

FIGURE 6.1 -TRACKBALL DRAG LOCK OPERATION 

DBTN LJ 
DLED 

6.0 TRACKBALL OPTION 

The MTA41300 can also function as a trackball control· 
ler. A trackball drag lock switch can be connected to the 
DBTN input and an LED indicator connected to the 
DLED output to aid in one-handed trackball operation. 

When using a mouse, a select and drag operation is 
accomplished by clicking on an object and holding the 
primary mouse button down. Moving the mouse then 
drags the object to the desired location. When the 
primary button is released, the object is placed at the 
desired location. However, when the same select and 
drag operation is performed using a trackball it may be 
difficult to hold the button depressed and guide the 
trackball with the same hand. 

The MT A41300's "drag lock" feature allows this function 
to be accomplished with one hand. The drag lock is set 
to the "locked" state by momentarily applying a low to the 
DBTN input. This "locked" state is equivalent to de· 
pressing and holding the primary button when using a 
mouse. The user then guides the object to the desired 
location without having to hold a button depressed and 
simultaneously guide the trackball. The object is placed 
and the "lock" is released when a low (e.g. button 
depressed) is momentarily applied to any button input. 

The OLEO output is latched in the low state (OV) when 
the OBTN input is sampled low (refer to Figure 6.1 ). The 
OLEO output will remain low ("locked') until the OBTN 
input is sampled high and then sampled low again. 
Exiting the locked state also occurs if either the PBTN or 
SBTN inputs are sampled low when the OLEO output is 
low. When the OLEO output is in low "locked" state, the 
Primary Button depressed bit in the status message is 
set high. 
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7.0 ELECTRICAL CHARACTERISTICS 

7.1 ABSOLUTE MAXIMUM RATINGS t 
Ambient temperature under bias ....... -55°C to +125°C 

Storage temperature ......................... -65°C to +150°C 

Voltage on any pin with respect 
to Vss (except Voo and MCLR) . -0.6V to (Voo +0.6V) 

Voltage on MCLR pin with 
respect to Vss ......................................... ov to +14.0V 

Voltage on Voo with respect to Vss ............. OV to +9.5V 

Total power dissipation (Note 2) .................... 800 mW 

Maximum current out of Vss pin ...................... 150 mA 

Maximum current into Voo pin .......................... 50 mA 

Maximum current into input pin ...................... ±500 µA 

Maximum output current sinked by any 
110 or output pin ............................................... 25 mA 

Maximum output current sourced by any 
110 or output pin ................................................ 20 mA 

MTA41300 

Notes: 

1. Voltage spikes below Vss at the MCLR pin, inducing 
currents greater than 80 mA may cause latch-up. 
Thus, a series resistor of 50-100'2 should be used 
when applying a •1ow" level to this pin, rather than 
connecting this pin directly to Vss. 

2. Total power dissipation should not exceed 800 mW for 
the package. The total power dissipation is calculated 
as follows: POIS= Voo x (loo - IloH) + I{(Voo- VoH) x 
IOH)+ I(VOL x IOL). 
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7.2 DC CHARACTERISTICS MTA41300 (COMMERCIAL) 

DC CHARACTERISTICS Standard Operating Conditions (unless otherwise stated). 
Operating Temperature 0°C <TA< 70°C for commercial. 
Operating voltage Voo = 3.0V to 5.5V unless otherwise stated. 

Characteristic Sym. Min. Typ. Max. Units Conditions 

Supply Voltage Voo 3.0 6.25 v Fosc = DC to 4 MHz 

Voo start voltage to guarantee VPOR Vss v 
power on reset 

Voo rise rate to guarantee power svoo 0.05* V/mS 
on reset 

Supply Current loo 1.8 3.3 mA Fosc = 4 MHz • Voo = 5.5V 

Input Low Voltage 

MCLR (Schmitt trigger) VILMC .15Voo v 
OSC1 (Schmitt trigger) VILOSC .3Voo v 

All other Inputs VIL .2Voo v 
Input High Voltage 

MCLR (Schmitt trigger) VIHMC .85 Voo Voo v 
OSC1 (Schmitt trigger) VIHOSC .7VDD Voo v 

All other Inputs VIH .45 Voo Voo v 
2V Voo v 4.0V < Voo s; 5.5V 

Input Leakage Current 

MCLR llLMCL -5 µA VPIN = Voo + 0.25V 

MCLR llLMCH 0.5 +5 µA VPIN=VDO 

OSC1 (Schmitt trigger) llLMCH 0.5 +3 µA Voo s; VPIN s; Voo 

All other Inputs llL -1 0.5 +1 µA Voo s; VPIN s; Voo 

Output Low Voltage 

OSC2 VOL 0.6V v IOL = 1.6mA, Voo = 4.5V 

All other Outputs VOL Voo- .7 0.6V v IOL = 8.7mA, Voo = 4.5V 

Output High Voltage 

OSC2 IOH =-1.0mA, Voo = 4.5V 

All other Outputs VOH v IOH =-5.4mA, Voo = 4.5V 

*These parameters are based on characterization and are not tested. 
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FIGURE 7.2.1 ·INPUT THRESHOLD VOLTAGE (VTH) OF ALL INPUT AND 110 PINS EXCEPT 
MCLR AND OSC1 

VTH (Input threshold voltage) of Input pins 
2.00 

1.80 

1.60 

.., 
~ 1.40 
G 

~ 1.20 

1.00 

0.80 

0.60 
2.5 3.0 3.5 4.0 4.5 5.0 5.5 

Voo (volts) 

FIGURE 7.2.2 - VIH, VIL OF MCLR VS Voo 

4.50 

4.00 

3.50 

~ 3.00 
.!!3 
0 2.50 ~ 
-' 
::> 2.00 
:£ 
::> 1.50 

1.00 

0.50 

0.00 
2.5 3.0 3.5 

VIL, max (-40"C to "C) 

V1L, TYP, 2s·c 
VIL, min (-40"C to BS"C) 

4.0 4.5 5.0 5.5 
Voo (volts) 

Note: These input pins have Schmitt trigger input buffer. 
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FIGURE 7.2.3 -INPUT THRESHOLD VOLTAGE (VTH) OF OSC1 INPUT 

3.40 

3.20 

3.00 

2.80 

2.60 

~ 2.40 
0 
~ 2.20 

$ 2.00 

1.80 

1.60 v --+---- _..v 
1.40 v .J..-" 
1.20 ~ 

1.00 
2.5 3.0 3.5 

FIGURE 7.2.4 - IOH vs VoH, VDD = 3V 

r20 t---+--+----1-+--+--+-f-t--i 

~ 

-40 '---'--+-~-~-+-~-~ 
1.5 2 2.5 3 3.5 4 4.5 5 

VOH (Volts) 

4.0 4.5 5.0 5.5 6.0 
Voo (volts) 

FIGURE 7.2.5 - IOH vs VoH, Voo = 5V 

l-20>---+--+--+-+---+--...._,>--+---< 

~ 

40'---'---'----'-.._._ _ _.____.__~ 

1.5 2 2.5 3 3.5 4 4.5 5 
VOH (Volts) 
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FIGURE 7.2.6 • IOL vs VOL, VDD = 3V FIGURE 7.2.7 • IOL vs VOL, VDD = SV 

l 50 

~ 40 i----+-#----+~>-+---+---+---< 

0.5 1 1.5 2 2.5 3 
Vol (Volts) 
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7.3 AC CHARACTERISTICS MTA41300 (COMMERCIAL) 

AC CHARACTERISTICS Standard Operating Conditions (unless otherwise stated). 
Operating Temperature 0°C <TA< 70°C for commercial. 
Operating Voltage Voo = 3.0V to 5.5V unless otherwise stated. 
Oscillator Frequency = 4 MHz. 

Characteristic Sym. Min. Typ. Max. Units Conditions 

Oscillator Frequency Fosc DC 4 MHz 

Serial Mode Output Timing 

TXD output pulse width TPWTX 800 833 866 µS 1200 baud @ Fosc = 4 MHz 
(per bit) 

PS/2 Mode 110 Timing 

CLKHighlime TCLKH 30 50 µS 

CLKLowlime TCLKL 30 50 µS 

DATA setup time to CLK falling Tso 5 25 µS 

DATA hold time to CLK rising THO 5 45 

Input Timing: 

PBTN,SBTN,DBTN 

Input Sample Period TBTP 50 ms 

Input Sample Window width TBTW 280 ns 

HOR1 ,HOR2,VERT1 ,VERT2 

Input Sample Period (PS/2 Mode) TENP2 831 µS 

Input Sample Period (RS-232 TEN PS 66 µS 
Mode) 

Input Sample Window width TENW 280 ns 

RESET Timing 

MCLR pulse width (low) TMCL 100 ns 

Oscillator Start-up Timer Period TOST 92 102 302 ms V00=5.0V 

MODE Timing 

Setup time TSMOE -5 ms from MCLR high 

Hold time THMOE 50 ms from MCLR high 

Notes: 1. Sampling can be suspended if device is receiving data from host or if transmission to host is inhibited by host 
(CLK held low). 

2. These parameters are based on characterization and are not tested. 
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FIGURE 7.3 ·TIMING DIAGRAMS 
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8.0 APPLICATION EXAMPLES 

Three distinct types of mice or trackball systems can be 
created using the MTA41300 controller. These systems 
are distinguished on the type of host interface they use. 
The three types are: RS-232 serial, IBM PS/2, or a 
"combo" interface that can operate in either RS-232 or 
PS/2. 

Also, three example types of motion encoders are 
shown in the schematics (document number 41 XXXEN). 
Two types of optical encoders and a mechanical type 
are shown. 

All system types use momentary contact type switches 
for the button inputs including the drag lock input. 

8.1 RS-232 Serial Interface Mouse or 
Trackball 

To operate the MTA41300 controller in the RS-232 
Serial Mode only, the MODE pin is simply connected to 
Vss. The example schematic (document number 
41300RSa), shows the MT A41300 configured as a RS-
232 serial mouse or trackball. 

Trackball systems require the addition of the compo
nents labeled as trackball only. These components 
allow support of a drag lock switch and indicator. A pull
up resistor for the drag lock switch must be included for 
trackball systems. For a mouse the DBTN input is 
simply connected to Voo. 

Since the MTA41300 operates from a single supply a 
discrete transistor is used as a level shifter to insure that 
a low output on the RS-232 data line is below the -3V 
RS-232 threshold. 

8.2 PS/2 Interface Mouse or Trackball 

To operate the MTA41300 controller in the PS/2 Mode 
only, the MODE pin is simply connected to Voo. The 
example schematic, document number 41300PSa, 
shows the MTA41300 configured as a PS/2 mouse or 
trackball. 

8.3 RS-232 and PS/2 "Combo" Mouse or 
Trackball 

The "combo" mouse system is designed to change its 
host interface to the desired protocol depending on the 
type of host system it is connected to. The schematic 
(document number41300SPa) shows atypical "combo" 
mouse or trackball. In this system, the MODE select is 
wired to the host connector and is not connected directly 
to either Voo or Vss. 

For RS-232 operation, the RTS line is driven by the host 
to -12V. A protection diode limits the maximum negative 
voltage applied to the MODE pin to -.6V. This logical low 
on power-up places the MT A41300 in the RS-232 Serial 
Interface Mode. 

For PS/2 operation, a special adapter plug (document 
number 41300SPa, page 2) can be used to change the 
RS-232 DB-9 connector to the mini-DIN type used by 
PS/2 systems. The adapter plug also connects the 
MODE pin to +SV thus automatically configuring the 
MTA41300forthe PS/2 interface. 

8.4 Host System Device Drivers 

The MTA41300 is compatible with standard IBM PS/2 
drivers and Microsoft device drivers. Additionally, host 
system device drivers for use with the MTA41300 are 
available from third party vendors. Contact your local 
Microchip Technology Inc. sales office for a list of 
vendors currently offering device drivers for use with the 
MTA41300. 
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9.0 PACKAGING DIAGRAMS AND DIMENSIONS 

See Section 11 of the Data Book. 

10.0 PACKAGE MARKING INFORMATION 

18L PDIP 

MMMMMMMMMMMMMMM 
MMMMMMMMMMMMMMM 
~ AABB CDE 

18LSOIC 

MMMMMMMMM 
MMMMMMMMM 

O~AABB COE 

20LSSOP 

MMMMMMMM 
MMMMMMMM 

O~AABB COE 

Legend: MM ... M 

AA 

BB 

Example 

Ml'A41300/P 
e 1993 A 
~ 9123 CBA 

Example 

Ml'A41300/SO 
e 1993 A 

lo_~9118 COK 

Example 

Ml'A41300 
e 1993 A 

0~9051 CBP 

Microchip part number information 

Year code (last 2 digits of calendar year) 

Week code (week of January 1 is week '01 ') 

C Facility code of the plant at which wafer is manufactured. 

C =Chandler, Arizona, U.S.A. 

D Mask revision number 

E Assembly code of the plant or country of origin in which 
part was assembled. 

Note: In the event the full Microchip part number can not be marked on one line, it 
will be carried over to the next line. 
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SALES AND SUPPORT 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 

PART NUMBERS 

PART NO. - X /XX X 

·11-0IM 
Package: P = PDIP 

SO = 300 mil SOIC (Gull Wing Lead) 
SS = 209 mil SSOP 

.Jl Temperature -
Range: I 

0°C to +70'C 
= -40°C to +85°C 

----------1-1 Device: MTA41300 

DS401018-page 24 i¥'1l'®Dollililallil®ll'W 
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MICROCHIP MTA41600 
UniMouseTM Mouse and Trackball Controller I.C. 

FEATURES 

• Selectable for most popular communication formats 

• Microsoft" serial interface format compatible 

• Mouse Systems" serial interface format compatible 

• IBM PS/2" mouse compatible host interface 

• Apple" Macintosh" compatible host interface 

• Single chip one, two or three-button mouse controller 

• Motion sampling rate of 6000 Samples/second 

• Available In: 

18-lead 300 mil PDIP 

18-lead 300 mil SOIC 

20-lead 209 mil SSOP 

FIGURE A - PIN CONFIGURATIONS 

PDIP,SOIC 

--MODEO • 1 18 DATA/ADBI-
--MODE1 2 17 CLK/ADBO -
--OPT 3 i: 16 OSC1 
--MCLR 4 E 15 OSC2 
--vss 5 14 Voo 
-HOR1 6 

... 
13 TXD 0) 

-HOR2 7 8 12 MBTN 
-RBTN 8 11 VERT1 
-LBTN 9 10 VERT2 

IBM PS/29 is a registered trademark of IBM Corp. 

Microsoft.'" is a registered trademark of Microsoft Corp. 

-------

DESCRIPTION 

TheMTA41600istheheartof a simple, low-cost, univer
sal mouse solution. By combining the four most popular 
interface formats in a single controller, one pointing 
device can function with a wide variety of host machines. 
It can be configured to operate as either an IBM PS/2 
compatible mouse, an Apple Macintosh compatible 
mouse, a serial mouse that is Microsoft serial format 
compliant, or a serial mouse that is Mouse Systems 
serial format compatible. 

The MTA41600 is an 18-lead low-power CMOS inte- 4 
grated circuit. Combined with a few simple external 
components, a complete universal mouse solution can 
be realized. 

SSOP 

--MODEO •1 20 DATA/ADBI_._ 
--MODE1 2 19 CLK/ADBO_._ 
--OPT 3 18 OSC1 .-
-. MCLR 4 i: 17 OSC2 --vss 5 ;! 16 Voe .-

.llo -vss 6 .... 15 Voe .-
-HOR1 7 0) 14 TXD -0 
-HOR2 B 0 13 MBTN --RBTN 9 12 VERT1 -- LBTN 10 11 VERT2 -

The code in this product was not developed or licensed by Microsoft Corporation. 

Apple" and Macintosh" are registered trademarks of Apple Corp. 

Mouse Systems" is a registered trademark of MSC Technologies Inc. 

UniMouse is a trademark of Microchip Technology Inc. 
The microcode contained in this product is copyrigh1sd 01994, all rights reserved. 

@1994 Microchip Technology Inc. &i@IW®llil©® Ollil~@ll'llilil®llH@llil 
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MICROCHIP MTA81010 
PICSEE™ 28-Pin MCU with Serial EEPROM Multi-Chip Module 

FEATURES 
• Multi-chip module 
• PIC16C54 Microcontroller and 24LC01B Serial 

EEPROM in a single package 
• 512 x 12 EPROM program memory 
• 128 x 8 Serial EEPROM data memory 
• Separate Voo inputs for Microcontroller and 

Serial EEPROM 
• ESD protection > 4,000 V 

MICROCONTROLLER FEATURES 

High Performance RISC-like CPU 
• Only 33 single word instructions to learn 
• All single-cycle instructions except for program 

branches which are two-cycle 
• Operating speed: DC - 4 MHz clock input 

DC - 1 µs instruction cycle 
• 12-bit wide instructions 
• 8-bit wide data path 
• 25 x 8 general purpose registers (SRAM) 
• 7 special function hardware registers 
• 2 level deep hardware stack 
• Direct, indirect and relative addressing modes for 

data and instructions 

FIGURE A - PIN CONFIGURATIONS 

PDIP,SOIC 

-soA • 1 28 MCLR-
-+-SCL 2 27 RTcc-

NIC 3 26 RA3-
NIC 4 25 RA2-

-TEST 5 :!:: 24 RA1-
-SEEVDD 6 

~ 
23 RAO._._ 

-ABO 7 22 osc1-
-RB1 8 Q) 21 OCS2/CLKOUT -..... 
-RB2 9 g 20 MCVoo-
-RB3 10 0 19 NIC 
-RB4 11 18 Vss~ 

-RB5 12 17 N/C 
-RB6 13 16 N/C 
-RB7 14 15 NIC 

PICSEE is a trademark of Microchip Technology Inc. 

© 1994 Microchip Technology Inc. 
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Peripheral Features 
• 12 110 pins with individual direction control 

• 8 bit real time clock/counter (RTCC) with 8-bit 
programmable prescaler 

• Power on reset 
• Oscillator start-up timer 
• Watchdog timer (WOT) with its own on-chip RC 

oscillator for reliable operation 
• Security EPROM fuse for code-protection 
• Power saving SLEEP mode 
• EPROM fuse selectable oscillator options: 

Low cost RC oscillator: RC 
- Standard crystal/resonator: XT 
- Power saving low frequency crystal: LP 

CMOS Technology 
• Low-power, high-speed CMOS EPROM technology 
• Factory programming (OTP) available for EPROM 
• Fully static design 
• Wide operating voltage range: 

- Commercial: 2.5V to 6.25V 
- Industrial: 2.5V to 6.25V 

• Low power consumption 
< 2 mA typical @ 5V, 4 MHz 
15 µA typical@ 3V, 32 KHz 
< 3 µA typical standby current @ 3V, o·c to 70'C 

SERIAL EEPROM FEATURES 
• Single supply with operation down to 2.5 volts 
• Low power CMOS technology 

- 1 mA active current typical 
- 1 o µA standby current typical at 5.5V 
- 5 µA standby current typical at 3.0V 

• Organized as a single block of 128 bytes (128 x 8) 
• Two-wire serial intertace bus 
• Schmitt trigger, filtered inputs for noise suppression 
• Output slope control to eliminate ground bounce 
• 100 KHz and 400 KHz compatibility 

• Self-timed write cycle (including auto-erase) 
• Page-write buffer for up to 8 bytes 

• 2 ms typical write cycle time for page-write 
• Hardware write protect for entire memory 

• Can be operated as a serial ROM 

• 1,000,000 ERASE/WRITE cycles (typical) 
• Data retention > 40 years 

DS39005C - page 1 

.. 



MTA81010 

Table of Contents 
1.0 General Description ............................................................ 3 
1.1 Applications ..............•.......................................................... 3 
1.2 MTA8101 O Series Overview ............................................... 3 
1.2.1 One-Time-Programmable (OTP) Devices ........................... 3 
1.2.2 Quick-Turnaround-Production (OTP) Devices .................... 3 
2.0 Microcontroller ..................................................................... 4 
2.0.1 Microcontroller Architectural Description ............................. 5 
2.0.1.1 Harvard Architecture ..........•................................................ 5 
2.0.1.2 Clocking Scheme/Instruction Cycle ..................................... 5 
2.0.1.3 Data Register Rle ...•.................•......................................... 5 
2.0.1.4 Arithmetic/Logic Unit (ALU) ..•.............................................. 5 
2.0.1.5 Program Memory ................................................................ 5 
3.0 Operational Register Files ................................................... 6 
3.1 fO Indirect Data Addressing ............................................... 6 
3.2 f1 Real Time Clock/Counter Register (RTCC) ....•............. 6 
3.2.1 Using RTCC with External Clock ......................................... 6 
3.3 12 Program Counter ...........................•............................... 8 
3.4 Stack ............................................•...................................... 9 
3.5 13 Status Word Register ..................•............................... 1 O 
3.5.1 Carry/BOrrow and Digit Carry/BOrrow Bits ......................... 11 
3.5.2 Time Out and Power Down Status Bits (TO, PD) .............. 11 
3.6 f4 File Select Register (FSR) ........................................... 11 
4.0 1/0 Registers (Ports) ......................................................... 11 
4.1 15 (PortA) ..............•........................................................• 11 
4.2 16 (PortB) ........................................................................ 11 
4.3 17 (PortC) ...................................................................•.... 11 
4.4 1/0 Interfacing .................................................................... 11 
4.5 1/0 Programming Considerations ....................•...•............. 12 
4.5.1 Bidirectional 1/0 Ports ....................................................... 12 
4.5.2 Successive Operations on 1/0 Ports •.....•.......................... 12 
4.5.3 Operation in Noisy Environment ......•..........................•..... 12 
5.0 General Purpose Registers ............................................... 13 
6.0 Special Purpose Registers ....................................•........... 13 
6.1 W Working Register ....................................................... 13 
6.2 TRISA 1/0 Control Register for Port A (15) ...................... 13 
6.3 TRISB 1/0 Control Register for Port B (16) ...................... 13 
6.4 OPTION Prescaler/RTCC Option Register ....................... 13 
7 .0 Reset Condition ....................•............................................ 13 
8.0 Prescaler ........................................................................... 14 
8.1 Switching Prescaler Assignment ....................................... 14 
9.0 Basic Instruction Set Summary ......................................... 15 
9.1 Instruction Description ...........................................•..•........ 17 
1 o.o Watchdog Timer (WOT) ......................................•............. 21 
10.1 WDT Period .................................•..................................... 21 
10.2 WDT Programming Considerations ................................... 21 
11.0 Oscillator Circuits .........................................•................. , .. 21 
11.1 Oscillator Types ............................................................ : ... 21 
11.2 Crystal Oscillator ............................................................... 21 
11.3 RC Oscillator ..................................................................... 21 
12.0 Oscillator Start-up Timer (OST) ....•.................................... 23 
12.1 Power On Reset (POR) ..................................................... 23 
13.0 Power Down Mode (SLEEP) ............................................. 25 
13.1 Wake-Up ........................................................................... 25 
14.0 Configuration Fuses ...................•..•................................... 25 
14.1 Customer ID Code ..................................•......................... 25 
14.2 Code Protection ........•......................................................• 25 
14.2.1 Verifying a Code-protected PIC16C54 ......•....................... 26 
15.0 Microcontroller Electrical Characteristics .......................... 26 
15.1 Absolute Maximum Ratings .............................................. 26 
15.3 Microcontroller DC Characleristics: MTA81010-RC, 

XT, LP (Com) ...........................................................•........ 27 
15.4 Microcontroller DC Characleristics: MTA810101-RC, 

XT, LP (Ind) ....................................................................... 28 
15.5 Microcontroller DC Characleristics: MTA81010-RC, 

xr, LP (Com) and MTA810101-RC, xr, LP (Ind) .............. 29 
15.6 Microcontroller AC Characteristics: MTA81010-RC, 

xr, LP (Com) and MTA810101-RC, xr, LP (Ind) .•............ 30 
15.7 Electrical Structure of Pins ..........................•..................... 31 
16.0 Microcontroller Timing Diagrams .........•.•........................... 31 
17.0 Microcontroller DC & AC Characleristics Graphs/Tables .. 32 
18.0 Serial EEPROM ..............................................................•. 40 
19.0 Serial EEPROM Functional Description ............................ 40 
20.0 Bus Characleristics ....................•......•..........•..................•• 40 
21.0 Pin Description .............................................•.......•....•...•.•. 44 
22.0 Serial EEPROM Electrical Characteristics ..................•...•. 44 
22.1 Serial EEPROM DC Characteristics .................................. 45 
22.2 Serial EEPROM AC Characteristics .................................. 46 
23.0 Packaging Diagrams and Dimensions .............................. 47 
23.1 Package Marking Information ........................................... 47 
Index .......................................................................................... 49 
Sales and Support .......................................................................... 50 

DS39005C • page 2 

4-122 

Table of Figures 
2.1.1 MT A81010 Microcontroller Chip Block Diagram ................. 4 
2.2.1 Clocks/Instruction Cycle ...................................................... 5 
3.1.1 RTCC Block Diagram (Simplified) ....................................... 6 
3.2.1 MTA8101 O Microcontroller Data Memoiy Map .................... 7 
3.2.2A RTCC Timing: INT Clock/No Prescale ................................ 8 
3.2.2B RTCC Timing: INT Clock/Prescale 1 :2 ........•....................... 8 
3.2.3 RTCC Timing with External Clock ....................................... 9 
3.3.1 Program Memory Organization ........................................... 9 
3.5.1 Status Word Register 13 .•.•.••••........•.•..••.••••......••..•••••.•••.•. 1 o 
4.4.1 Equivalent Circuit for a Single 1/0 Pin ............................... 12 
4.5.2.1 1/0 Port Read/Write Timing ......................................•........ 13 
6.5.1 OPTION Register .................................................•............ 14 
8.0.1 Block Diagram RTCC/WDT Prescaler ............................... 15 
11.2.1 Crystal Operation (or Ceramic Resonator) ........................ 22 
11.2.2 External Clock Input Operation ......................................... 22 
11.3.1 RC Oscillator (RC type only) ............................................. 22 
12.1.1 External Power on Reset Circuit .............................•......... 23 
12.1.2 Brown Out Protection Circuit ...........•................................. 23 
12.1.3 Brown Out Protection Circuit ............................................. 23 
12.1.4 Simplified Power on Reset Block Diagram ........................ 24 
12.1.5 Using External Reset Input ...........•................................... 24 
12.1.6 Using On-Chip POR (Fast Voe Rise Time) ........•.............. 24 
12.1.7 Using On-Chip POR (Slow Voe Rise Time) ...................... 25 
15.7.1 Electrical Structure of 1/0 Pins (RA, RB, RC) .................... 31 
15.7.2 Electrical Structure of MCLR and RTCC Pins .........•......... 31 
16.0.1 RTCCTiming .................... : ............................................... 31 
16.0.2 Oscillator Start-up Timing (MTA81010RC) ........................ 31 
16.0.3 lnput/Outpu!Timing for 1/0 Ports (MTA81010RC) ............ 32 
17.0.1 Typical RC Oscillator Frequency vs Temperature ............. 32 
17.0.2 Typical RC Oscillator Frequency vs Voe ...................................... 32 
17.0.3 Typical RC Oscillator Frequency vs Voe ...................................... 32 
17.0.4 Typical RC Oscillator Frequency vs Voe ...................................... 33 
17.0.5 Typical IPD vs Voe (Watchdog Disabled 25'C) .................. 33 
17.0.6 Typical IPD vs Voe (Watchdog Enabled 25'C) .................. 33 
17.0.7 Maximum IPD vs Voe (Watchdog Disabled) ....•.................. 34 
17.0.8 Maximum IPD vs Voe (Watchdog Enabled) ........................ 34 
17.0.9 VrH (Input Threshold Voltage) of VO Pins vs Voe ............. 34 
17.0.1 O V1H, VIL for fiACrn, RTCC and OSC1 

(in RC Mode) vs Voo.... .. ................... 35 
17.0.11 VTH (Input Threshold Voltage) of OSC1 Input in XT, 

and LP Modes vs Voe ........................................................................ 35 
17.0.12 Typical loo vs Frequency Ext Clock, 25'C ........................ 36 
17.0.13 Maximum loo vs Frequency Ext Clock, -40' to +85'C ...... 36 
17.0.14 Maximum loo vs Frequency Ext Clock, -55' to +125'C .... 37 
17.0.15 WDTTimer Time-out Period vs Voe ................................... 37 
17.0.16 Transoonductance (gm) of LP Oscillator vs Voe .................... 38 
17.0.17 Transoonductance (gm) of XT Oscillator vs Voe ..................... 38 
17.0.18 loH vs VoH, Voe= 3V ......................................................... 38 
17.0.19 lol vs Vol, Voe= 5V .......................................................... 38 
17.0.20 lol vs Vol, Voo = 3V .......................................................... 39 
11.0.21 loH vs VoH, Voe = 5V ......................................................... 39 
18.1.1 Serial EEPROM Block Diagram ........................................ 40 
20.1.1 Data Transfer Sequence on the Serial Bus ....................... 41 
20.1.2 Control Byte Allocation ...................................................... 41 
20.1.3 Byte Write .......................................................................... 42 
20.1.4 Page Write ........................................................................ 42 
20.1.5 Current Address Read ...................................................... 43 
20.1.6 Random Read ................................................................... 43 
20.1.7 Sequential Read ................................................................ 43 
22.1.1 Bus Timing Start/Stop ....................................................... 45 
22.2.1 Bus Timing Data ................................................................ 46 

Table of Tables 
1.0.1 
2.1.1 
3.5.2.1 
3.5.2.2 
9.0.1 
11.2.1 
11.2.2 
15.2 
17.0.1 
17.0.2 
18.1.1 

Overview ............................................................................ 3 
Microcontroller Pin Functions ............................................. 4 
Events Affecting PD/TO Status Bits ....•.....•...................... 11 
PD/TO Status After Reset ................................................ 11 
Instruction Set Summary .................................••............... 16 
Capacitor Selection for Ceramic Resonators ................... 22 
Capacitor Selection for Crystal Oscillator ......................... 22 
Microcontroller Pin Descriptions ....................................... 26 
RC Oscillator Frequencies ............................................... 33 
Input Capacitance for MTA81010 .................................... 39 
Serial EEPROM Pin Function .......................................... 40 

© 1994 Microchip Technology Inc. 



1.0 GENERAL DESCRIPTION 
The MTA81010 from Microchip Technology offers the 
unique combination of a EPROM-based microcontroller 
and a Serial EEPROM in a single package. It is a multi
chip module that combines a PIC16C54, low cost, high 
perfonnance, 8-bit, fully static, EPROM-based CMOS 
microcontroller with a 24LC01 B, a 1 K bit Serial Electri
cally Erasable PROM. Combining these two popular 
chips into a single package reduces system cost, board 
area, and inventory. 

The microcontroller and EEPROM are electrically inde
pendent, sharing only a common ground (Vss). Inde
pendent power sources are valuable in power-con
scious applications where it may be desirable to power 
down the EEPROM when it is not being accessed. One 
of the microcontroller's output pins can supply power 
directly to the internal EEPROM's power pin thus avoid
ing the use of external power switching components. 

The microcontroller and serial EEPROM are exactly 
equivalent to their respective individual chips, the 
PIC16C54 and 24LC01B. 

1.1 APPLICATIONS 
The MTA81010 is ideally suited to a wide variety of 
applications including but not limited to; keyless entry, 
remote control, smart cards, and automotive controllers. 
The EPROM program memory makes customization of 
application programs fast and convenient. The EEPROM 
data memory is ideal for storing configuration informa
tion, access codes, serial numbers, and adaptive lookup 
tables. Thesmallfootprintpackagesavailableforthrough 
hole or surface mounting make MTA81010 perfect for 
applications with physical space limitations. Low-<:ost, 
low-power, high-perfonnance, ease of use, VO flexibil
ity, and nonvolatile EEPROM memory makes the 
MTA81010 the microcontroller of choice for a wide 
variety of systems. 

TABLE 1.0.1 - OVERVIEW 

MTA81010 

1.2 MTA81010 SERIES OVERVIEW 

Depending on application and production requirements 
the proper device option can be selected using the table 
in this section. When placing orders, please use the 
"MTA81010 Product Identification System• on the back 
page of this data sheet to specify the correct part 
number. 

1.2.1 ONE-TIME-PROGRAMMABLE (OTP) 
DEVICES 

The availability of OTP devices is especially useful for 
customers expecting frequent code changes and up
dates. OTP devices have the oscillator type pre-<:anfig· 
ured by the factory, and they are tested only for this 
special configuration Qncluding voltage and frequency 
ranges, current consumption). 

The program EPROM is erased, allowing the user to 
write the application code into it. In addition, the watch· 
dog timer can be disabled, and/or the code protection • 
logic can be activated by programming special EPROM 
fuses. The sixteen special EPROM bits for ID code 
storage are also user programmable. 

1.2.2 QUICK-TURNAROUND-PRODUCTION (OTP) 
DEVICES 

Microchip offers a OTP Programming Service for factory 
production orders. This service is made available for 
users who chose not to program a medium to high 
quantity of units and whose code patterns have stabi· 
lized. The devices are identical to the OTP devices but 
with all EPROM locations and fuse options already 
programmed by the factory. Certain code and prototype 
verification procedures do apply before production ship· 
ments are available. Please contact your Microchip 
Technology sales office for more details. 

Part# I EPROM I EEPROM I RAM•I l/OtI Package Options 

MTA81010 l s12 x 12I 128 x 8 I 32 x 8 I 13 I 28L PDIP (600 mil), 28L SOIC (300 mil) 

* Including special function registers 
t Includes RTCC pin. 

e 1994 Microchip Technology Inc. DS39005C • page 3 
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FIGURE 2.1.1 - MTA81010 MICROCONTROLLER CHIP BLOCK DIAGRAM 
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STACK2 
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"CODE 
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WDT/RTCC 
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SELECr 

OSCILLATOR/ 
TIMING& 
CONTROL 

"SLEEP" 

- "OPTION" 

DIRECT RAM 
ADDRESS 

FROMW 

8 
5-7 

GENERAL 
PURPOSE 
REGISTER 

FILE 

RTCC(f1) 

ALU 

'---------' FROM W 
4 

"TRIS5" 
TRISA 

RAO-RA3 

2.0 MICROCONTROLLER SECTION 

4 

The MTA81010 from Microchip Technology contains 
low-cost, high-performance, 8-bit, fully static, EPROM
based CMOS microcontroller. It employs a RISC-like 
architecture with only 33 single word/single cycle in
structions to learn. All instructions are single cycle 
except for program branches which take two cycles. The 
12-bit wide instructions are highly symmetrical resulting 
in 2:1 code compression overother8-bit microcontrollers 
in its class. The easy to use and easy to remember 
instruction set reduces development time significantly. 

The MTA81010 product is equipped with special fea
tures that reduce system cost and power requirements. 
The power on reset and oscillator start up timer eliminate 
the need for external reset circuitry. There are three 
oscillator configurations to choose from, including power 
saving LP (Low Power) oscillator, standard XT oscillator 
and cost saving RC oscillator. Power saving SLEEP 
mode, watchdog timer and code protection features 
improves system cost, power and reliability. 

DS39005C - page 4 

8 
DATA BUS 

FROMW 
8 

"TRI~ TRISB 

RBo-RB7 

8 8 

f7 

8 

TABLE 2.1.1 - MICROCONTROLLER 
PIN FUNCTIONS 

Name Function 

RAO- RA3 1/0 PORTA 
RBO- RB7 1/0 PORTB 
RTCC Real Time Clock/Counter 
MCLR Master Clear 
OSC1 Oscillator (input) 
OSC2/CLKOUT Oscillator (output) 
MCVDD Power supply 
Vss Ground 
N/C No (internal) Connection 

© 1994 Microchip Technology Inc. 
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FIGURE 2.2.1 - CLOCKS/INSTRUCTION CYCLE 

01 I 02 Cll I 04 01/02/CD/04 01/02/Cll/04 

OSC1 ' 

01 

' 
Cll ;...'----~ 

:} Internal 
1 Phase 
1 Clocks 
' 
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~ r-----°"------lr----=-:-;-----\,--------=""""""-',.-----~ 
(Program Counter) ~. -----'-'"------"-----""<i.J.-----A-----.rl<.:"'-------' 

osc~~~~ ,,~------' 
Fetch INST PC 

Execute INST (PC-1) 

2.1 MICROCONTROLLER 
ARCHITECTURAL DESCRIPTION 

2.1.1 HARVARD ARCHITECTURE 

The MTA81 XXX family microcomputers contain a, high
speed, fully static CMOS CPU with EPROM, RAM, and 
1/0 on a single die. 

The architecture is based on a register file concept with 
separate bus and memories for data and instructions 
(Harvard architecture). The data bus and memory (RAM) 
are 8 bits wide while the program bus and program 
memory (EPROM) have a width of 12 bits. This concept 
allows a simple yet powerful instruction set designed to 
emphasize bit, byte and register operations under high 
speed with overlapping instruction fetch and execution 
cycles. That means that, while one instruction is ex
ecuted, the following instruction is already being read 
from the program memory. A block diagram of the 
microcontroller core is given in Figure 2.1.1. 

2.1.2 CLOCKING SCHEME/INSTRUCTION CYCLE 

The clock input (from pin OSC1) is internally divided by 
four to generate fournon overlapping quadrature clocks 
namely 01, 02, 03 and 04. Internally, PC is incre
mented every 01, instruction is fetched from program 
memory and latched into instruction register in 04. It is 
decoded and executed during the following 01 through 
04. The clocks and instruction execution flow is shown 
in Figure 2.2.1. 

2.1.3 DATA REGISTER FILE 

The 8-bit data bus connects two basic functional ele
ments together: the Register File composed of 32 ad
dressable 8-bit registers including the 1/0 Ports, and an 
8-bit wide Arithmetic Logic Unit. The 32 bytes of RAM 
are directly addressable (Figure 3.2.1). Data can be 
addressed direct or indirect using the file select register 
(f4 ). Immediate data addressing is supported by special 
"literal" instructions which load data from program 
memory into the W register. 

© 1994 Microchip Technology Inc. 

Fetch INST (PC+ 1) 
xecute etc + 
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Execute INST (PC+1) 

The register file is divided into two functional groups: 
operational registers and general purpose registers . 
The operational registers include the Real Time Clock 
Counter (RTCC) register, the Program Counter (PC), 
the Status Register, the 1/0 registers (PORTs), and the 
File Select Register. The general purpose registers are 
used for data and control information under command of 
the instructions. 

In addition, special purpose registers are used to control 
the 1/0 port configuration, and the prescaler options. 

2.1.4 ARITHMETIC/LOGIC UNIT (ALU) 

The 8-bit wide ALU contains one temporary working 
register (W Register). It performs arithmetic and Bool
ean functions between data held in the W Register and 
any file register. It also does single operand operations 
on either the W register or any file register. 

2.1.5 PROGRAM MEMORY 

512 words of 12-bit wide on-chip program memory 
(EPROM) can be directly addressed (Figure 3.3.1). 
Sequencing of microinstructions is controlled via the 
Program Counter (PC) which automatically increments 
to execute in-line programs. Program control opera
tions, supporting direct, indirect, relative addressing 
modes, can be performed by Bit Test and Skip instruc
tions, Call instructions, Jump instructions or by loading 
computed addresses into the PC. In addition, an on-chip 
two-level stack is employed to provide easy to use 
subroutine nesting. 

DS39005C - page 5 
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3.0 OPERATIONAL REGISTER 
FILES 

3.1 Bl INDIRECT DATA ADDRESSING 

This is not a physically implemented register. Address
ing to calls for the contents of the File Select Register to 
be used to select a file register. to is useful as an indirect 
address pointer. For example, in the instruction ADDWF 
to, W will add the contents of the register pointed to by 
the FSR (f4) to the content of the W Register and place 
the result in W. 

If fO itself is read through indirect addressing (i.e. FSR = 
Oh), then OOh is read. If fO is written to via indirect 
addressing, the result will be a NOP. 

3.2 E1 REAL TIME CLOCK/COUNTER 
REGISTER (RTCC) 

This register can be loaded and read by the program as 
any other register. In addition, its contents can be 
incremented by an external signal edge applied to the 
RTCC pin, or by the internal instruction cycle clock 
(CLKOUT =fosc.14). Figure 3. f. f is a simplified block 
diagram of RTCC. 

An 8-bit prescaler can be assigned to the RTCC by 
writing the proper values to the PSA bit and the PS bits 
in the OPTION register. OPTION register is a special 
register (not mapped in data memory) addressable 
using the 'OPTION' instruction. See Section 6.4 for 
details. If the prescaler is assigned to the RTCC, 
instructions writing to ff (e.g. CLRF f, or BS Ff, 5, ... etc.) 
clear the prescaler. 

The bit "RTS" (RTCC signal Source) in the OPTION 
register determines, if ff is incremented internally or 
externally. 

RTS=f: The clock source for the RTCC or the pres
caler, if assigned to it, is the signal on the 
RTCC pin. Bit 4 of the OPTION register (RTE) 
determines if an increment occurs on the fall
ing (RTE=f) or rising (RTE=O) edge of the 
signal presented to the RTCC pin. 

RTS=O: The RTCC register or its prescaler, respec
tively, will be incremented with the internal 
instruction clock(= Fosc/4). The "RTE" bit in 
the OPTION register and the RTCC pin are 
"don't care" in this case. However, the RTCC 
pin must be tied to Voo or Vss, whatever is 
convenient, to prevent unintended entering of 
test modes and to reduce the current con
sumption in low power applications. 

As long as clocks are applied to the RTCC (from internal 
or external source, with or without prescaler), ff keeps 
incrementing and just rolls over when the value "FFh" is 
reached. All increment pulses for ff are delayed by two 
instruction cycles. After writing to ff, for example, no 
increment takes place for the following two instruction 
cycles. This is independent if internal or external clock 
source is selected. If a prescaler is assigned to the 
RTCC, the output of the prescaler will be delayed by two 
cycles before ff is incremented. This is true for instruc
tions that either write to or read-modify-write RTCC (e.g. 
MOVF ff, CLRF ff). For applications where RTCC 
needs to be tested for zero without affecting its count, 
use of MOVF ff, W instruction is recommended. Timing 
diagrams in Figure 3.2.2 show RTCC read, write and 
increment timing. 

3.2.1 Using RTCC With External Clock 

When external clock input is used for RTCC, it is syn
chronized with the internal phase clocks. Therefore, the 
external clock input must meet certain requirements. 
Also there is some delay from the occurrence of the 
external clock edge to the actual incrementing of RTCC. 
Referring to Figure 3. f. f, the synchronization is done 
after the prescaler. The output of the prescaler is 
sampled twice in every instruction cycle to detect rising 
or falling edges. Therefore, it is necessary for PSOUT 
to be high for at least 2 lose and low for at least 2 lose 
where tosc = oscillator time period. 

FIGURE 3.1.1 - RTCC BLOCK DIAGRAM (SIMPLIFIED) 

DATA BUS 

RTCC 
fosc/4 0 

8 

PIN 
0 

~ 
SYNC WITH 

INTERNAL 

PROGRAMMABLE 
CLOCKS 

RTCC(8) 

RTE 
RTS 

PRESCALER (2 CYCLE DELAY) 

PS2,PS1,PSO PSA 

Notes: 1. Bits RTE, ATS, PS2, PS1, PSO are located in option register. 
2. The prescaler is shared with Watchdog Timer (see Figure 8.0.1 ). 
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FIGURE 3.2.1 - MTA81010 MICROCONTROLLER DATA MEMORY MAP 
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(*) Not a physically implemented register. See Section 4.0 for details 
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When no oresca!er is used, PSOUT (Prescaler output, 
see Figure 5) is the same as RTCC clock input and 
therefore the requirements are: 

TRTH = RTCC high lime ~ 21osc + 20 OS 

TRTL = RTCC low lime ~ 21osc + 20 OS 

When prescaleris used. the RTCC input is divided bylhe 
asynchronous ripple counter-type prescaler and so the 
prescaler output is symmetrical. 

Then: PSOUT high lime = PSOUT low lime = N.~ 

where TRT = RTCC input period and N = prescale 
value (2, 4, .... , 256). The requirement is, therefore 
N.TRT 4 lose+ 40 ns 
- 2- ~ 2 lose + 20 ns, or TRT ~ N 

The user will notice that no requirement on RTCC 
high lime or low lime is specified. However, if the high 
lime or low time on RTCC is too small then the pulse 
may not be detected, hence a minimum high or low 
lime of 10 ns is required. In summary, the RTCC input 
requirements are: 
TRT RTCC period~ (4 tosc + 40 ns)/N 

TRTH = RTCC high lime~ 10 OS 

TRTL = RTCC low lime ~ 10 OS 

Delay from external clock edge: Since the prescaler 
output is synchronized with the internal clocks, there 
is a small delay from the time the external clock edge 
occurs to the time the RTCC is actually incremented. 
Referring to Figure 3.2.3, the reader can see that this 
delay is between 3 tosc and 7 lose. Thus, for ex-

ample, measuring the interval between two edges 
(e.g. period) will be accurate within ±4 tosc (±1 µs @ 

4 MHz). 

3.3 f2. PROGRAM COUNTER 

The program counter generates the addresses for 
512 x 12 on-chip EPROM cells containing the pro
gram instruction words (Figure 3.3.1 ). 

The program counter and its associated two-level 
hardware stack is 9-bits wide. 

The program counter is set to all '1 "s upon a RESET 
condition. During program execution it is auto 
incremented with each instruction unless the result of 
that instruction changes the PC itself: 

a) 'GOTO" instructions allow the direct loading of 
the lower 9 program counter bits (PC <8:0>). 

b) 'CALL" instructions load the lower 8-bit of the PC 
directly while the ninth bit is cleared to •o•. The 
PC value, incremented by one, will be pushed 
into the stack. 

c) "RETLW" instructions load the program counter 
with the top of stack contents. 

d) If PC is the destination in any instruction (e.g. 
MOVWF 2, ADDWF 2, or BSF 2,5) then the 
computed 8-bit result will be loaded into the low 
8-bits of program counter. The ninth bit of PC will 
be cleared. 

It should be noted that because bit 8 (ninth bit) of PC 
is cleared in CALL instruction or any instruction which 
writes to the PC (e.g. MOVWF 2), all subroutine calls 
or computed jumps are limited to the first 256 loca
tions of any program memory page (512 words long). 

FIGURE 3.2.2A • RTCC TIMING: INT CLOCK/NO PRESCALE 

:~1m1m1oi:~1m1m1oi:~1m1m1oi:~1m1m1oi:~1m1m101:~1m1m1oi:a11m1co1oi:~1m1m1oi: 

' ' ' PC ( m=1 ~ f PC+ 1 l'C+~ ~+§ l'C+4 FSC+! PC+i 
(PROGRAM ' 
COUNTER) : INST• ' MOVFF1,W MOVFF1,W MOVFF1,W MOVFF1,W MOVFF1,W 

MOVWFF1 ' 

RTCC Ill' RT+1 X RT+~ t:JRT RAT filRT+1 X t:JRT+2 x RRT+~ G 
t t t t t t ' 

' Writef1 ' Readf1 Roadf1 -df1 noad8 ' -df1 reads -dF1noada ' 
executed noadoNRT reads NRT NRT+1 NRT+2 NRT+3 

FIGURE 3.2.28 - RTCC TIMING: INT CLOCK/PRESCALE 1 :2 

:~1m1co1oi:~1m1co1oi:~1m1co1oi:~1m1co101:~1m1co1oi:a11m1co1oi:~1m1co104;~1m1co1oi: 

PC ( PC:1 PC ~ PC+1 PC+2 PC+! f PC+4 ~ PC+S ~ PC+§ 
(PROGRAM ' 
COUNTER) : MOVWFF1 o MOVFF1,W • MOVFF1,W o MOVFF1,W o MOVFF1,W o MOVFF1,W , 

RTCC Ill' AT+I ; 
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3.4 STACK 

The MTAB1010 series employs a two level hardware 
push/pop stack (Figure 3.3.1 ). 

CALL instructions push the current program counter 
value, incremented by "1", into stack level 1. Stack 
level 1 is automatically pushed to level 2. If more than 
2 subsequent "CALL"s are executed, only the most 
recent two return addresses are stored. 

MTA81010 

RETLW instructions load the contents of stack level 
1 into the program counter while stack level 2 gets 
copied into level 1. If more than 2 subsequent 
"RETLW"s are executed, the stack will be filled with 
the address previously stored in level 2. 

FIGURE 3.2.3 - RTCC TIMING WITH EXTERNAL CLOCK 

:~1~1001~:~1~1001~:~1~1001~:~1~1m1~: 

EXT CLOCK INPUT OR 
PRESCALER OUT (NOTE 2) ,...._......._.....,. __ ....,.._, 

EXT CLOCK/PRESCALER 
OUTPUT AFTER SAMPLING 

INCREMENT RTCC (04) 

RTCC 

Notes: 

R + 1 

Small pulse 1 

misses sam ling 

t 

R+2 

1. Delay from clock input change to RTCC increment is 3 lose to 7 lose. (Duration of Q = tosc). 
Therefore, the error in measuring the interval between two edges on RTCC input= ± 4 lose max. 

2. External clock if no prescaler selected, Prescaler output otherwise. 
3. The arrows indicate the points in time where sampling occurs. 

FIGURE 3.3.1 - PROGRAM MEMORY ORGANIZATION 
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00 
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3.5 !3. STATUS WORD REGISTER 
This register contains the arithmetic status of the 
ALU, the RESET status. 

The status register (f3) can be destination for any 
instruction like any other register. However, the 
status bits are set after the following write. Further· 
more, TO and PD bits are not writable. Therefore, the 
result of an instruction with status register as destina· 
tion may be different than intended. For example, 

FIGURE 3.5.1 ·STATUS WORD REGISTER f3 

(7) (6) (5) (4) (3) (2) (1) (0) 

I l PA2 l PA1 PAO 1 TO l PD 1 

CLRF f3 will clear all bits except for TO and PD and 
then set the Z bit and leave status register as 
OOOUU100 (where U =unchanged). 

It is recommended, therefore, that only BCF, BSF and 
MOVWF instructions are used to alter the status 
registers because these instructions do not affect any 
status bit. 

For other instructions, affecting any status bits, see 
section "Instruction Set Summary" (Table 9.0.1). 

RESET CONDITION: 
PA2,PA1, PAO cleared to 'O'. 
TO, PD are set or reset as shown in Table 3.5.2.2 
Z, DC, C are unknown on power on reset and 
unchanged in any other reset. 

-l CARRY/BORROW BIT: 

DS39005C • page 10 

For ADDWF and SUBWF instructions, this bit is set if there is a 
carry out from the most significant bit of the resultant. 
Note that a subtraction is executed by adding the two's 
complement of the second operand. For rotate (RRF, RLF) 
instructions, this bit is loaded with either the high or low order bit 
of the source register. 

DIGIT CARRY/BORROW BIT: 
For ADDWF and SUBWF instructions, this bit is set if there is a 
carry out from the 4th low order bit of the resultant. 

ZERO BIT: 
Set if the result of an arithmetic or logic operation is zero. 

POWER DOWN BIT: 
Set to "1" during power up or by a CLRWDT command. This bit 
is reset to "O" by a SLEEP instruction. 

TIME-OUT BIT: 
Set to "1" during power up and by the CLRWDT and SLEEP 
command. This bit is reset to "O" by a watchdog timer time out. 

PIC16CS4/C55: Two general purpose read/write bits 

BIT 7: General purpose read/write bit 
(reserved for future use) 

© 1994 Microchip Technology Inc. 
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3.5.1 Carry/Borrow and Digit Carry/ 
Borrow Bits 

The Carry bit (C) is a carry out in addition operation 
(ADDWF) and a borrow out in subtract operation 
(SUBWF). 

It is also affected by RRF and RLF instructions. The 
following examples explain carry/borrow bit opera
tion: 

;SUBWF Example #1 

clrf Ox20 ;f(20h)=O 
movlw 1 ;wreg=l 
subwf Ox20 ;f(20h)=f(20h)-wreg=0-l=FFh 

;Carry=O: Result is negative 

;SUBWF Example #2 
movlw OxFF 
movwf Ox20 ;f(20h)=FFh 
clrw ;wreg=O 
subwf Ox20 ;f(20h)=f(20h)-wreg=FFh-O=FFh 

;Carry=l: Result is positive 

The digit carry operates in the same way as the carry 
bit, i.e. it is a borrow in subtract operation. 

3.5.2 Time Out and Power Down Status 
Bits (TO, PD) 

The "TO" and "PD" bits in the status registerf3 can be 
tested to determine if a RESET condition has been 
caused by a watchdog timer time-out, a power-up 
condition, or a wake-up from SLEEP by the watchdog 
timer or MCLR pin. 

These status bits are only affected by events listed in 
Table 3.5.2.1. 

3.6 f4 FILE SELECT REGISTER (FSR) 
Bits 0-4 select one of the 32 available file registers 
in the indirect addressing mode (that is, calling for file 
to in any of the file oriented instructions). 

Bits 5-7 of the FSR are read-only and are always read 
as "one 11 s. 
If no indirect addressing is used, the FSR can be used 
as a 5-bil wide general purpose register. 

TABLE 3.5.2.1 - EVENTS AFFECTING PD/ 
TO STATUS BITS 

Event TO PD Remarks 

Power-up 1 1 
WOT Time-out 0 x No effect on PD 
SLEEP instruction 1 0 
CLRWDT instruction 1 1 

Note: A WOT time-out will occur regardless of the 
status of the TO bit. A SLEEP instruction will be 
executed, regardless ofthe status ofthe PD bit. 
Table 3.5.2.2 reflects the status of PD and TO 
after the corresponding event. 

© 1994 Microchip Technology Inc. 
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TABLE 3.5.2.2 - PD/TO STATUS AFTER 
RESET 

TO PD RESET was caused by 

0 0 WOT wake-up from SLEEP 
0 1 WDT time-out (not during SLEEP) 
1 0 MCLR wake-up from SLEEP 
1 1 Power-up 
x x =Low pulse on MCLR input 

Note: The PD and TO bit maintain their status (X) 
until an event of Table 3.5.2.1 occurs. A low
pulse on the MCLR input does not change the 
PD and TO status bits. 

4.0 110 REGISTERS (PORTS) 

The 1/0 registers can be written and read under 
program control like any other register of the register 
file. However, "read" instructions (e.g. MOVF 6,W) 
always read the 1/0 pins, regardless if a pin is defined 
as "input" or "output.• Upon a RESET condition, all I/ 
O ports are defined as "input' (= high impedance 
mode) as the 1/0 control registers (TRISA, TRISB) 
are all set to "ones." 

The execution of a "TRIS f" instruction with corre
sponding "zeros" in the W-register is necessary to 
define any of the 1/0 pins as output. 

4.1 f5. (PORT A) 
4-bit 1/0 register. Low order 4 bits only are used (RAO 
• RA3). Bit 4-7 are unimplemented and read as 
"zeros." 

4.2 f§ (PORT B) 
8-bit 1/0 register. 

4.3 F7 

General purpose register. 

4.4 1/0 INTERFACING 

The equivalent circuit for an 1/0 port bit is shown in 
Figure 4.4.1. All ports may be used for both input and 
output operations. For input operations these ports 
are non-latching. Any input must be present until read 
by an input instruction (e.g. MOVF 6, W). The outputs 
are latched and remain unchanged until the output 
latch is rewritten. To use a port pin as output, the 
corresponding direction control bit (in TRISA, TRISB) 
must be set to zero. For use as an input, the corre
sponding TRIS bit must be "one". Any 1/0 pin can be 
programmed individually as input or output. 
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4.5 1/0 PROGRAMMING CONSIDERATIONS 

4.5.1 Bidirectional 1/0 Ports 

a) Some instructions operate internally as read fol· 
lowed by write operations. The BCF and BSF 
instructions, for example, read the entire port into 
the CPU, execute the bit operation, and re-output 
the result. Caution must be used when these in· 
st ructions are applied to a port where one or more 
pins are used as inpuVoutputs. For example, a 
BSF operation on bit 5 of f6 (Port B) will cause all 
eight bits of f6 to be read into the CPU. Then the 
BSF operation takes place on bit 5 and f6 is re
output to the output latches. If another bit of f6 is 
used as a bidirectional 1/0 pin (say bit 0) and it is 
defined as an input at this time, the input signal 
present on the pin itself would be read into the CPU 
and rewritten to the data latch of this particular pin, 
overwriting the previous content. As long as the pin 
stays in the input mode, no problem occurs. How
ever, if bit 0 is switched into output mode later on, 
the content of the data latch may now be unknown. 

b) A pin actively outputting a "O" or "1" should not be 
driven from external devices at the same time in 
order to change the level on this pin ("wired-or", 
"wired-and"). The resulting high output currents 
may damage the chip. 

For "wired-or" outputs (assuming negative logic), it 
is recommended to use external pull-up resistors 
on the corresponding pins. The pin should be left 
in high-impedance mode, unless a "O" has to be 
output. Thus, external devices can drive this pin 
"O" as well. "Wired-and" outputs can be realized in 
the same way, but with external pull-down resis
tors and only actively driving the "1" level from the 
PIC16C54. The resistor values are user select
able, but should not force output currents above 
the specified limits (see DC Characteristics). 

4.5.2 Successive Operations on 1/0 Ports 

The actual write to an 1/0 port happens at the end of 
an instruction cycle, whereas for reading, the data 
must be valid at the beginning of the instruction cycle 
(see Figure 4.5.2.1 ). Therefore, care must be exer
cised if a write followed by a read operation is carried 
out on the same 1/0 port. The sequence of instruc
tions should be such to allow the pin voltage to 
stabilize (load dependent) before the next instruction 
which causes that file to be read into the CPU is 
executed. Otherwise, the previous state of that pin 
may be read into the CPU rather than the new state. 
When in doubt, it is better to separate these instruc
tions with a NOP or an other instruction not accessing 
this 110 port. 

4.5.3 Operation in Noisy Environment 

In noisy application environments, such as keyboards 
which are exposed to ESD (Electro Static Discharge), 
register contents can get corrupted due to noise 
spikes. 

The on-chip watchdog timer will take care of all 
situations. involving program sequence "lockups." 
However, if an 1/0 control register gets corrupted, the 
program sequence may still be executed properly 
although an input pin may have switched unintention
ally to an output. In this case, the program would 
always read the same value on this pin. This may 
result, for example, in a keyboard "lockup" situation 
without leading to a watchdog timer timeout. Thus, it 
is recommended to redefine all 1/0 pins in regular 
time intervals (inputs as well as outputs). The optimal 
strategy is to update the 1/0 control register every 
time before reading input data or writing output data. 

FIGURE 4.4.1 - EQUIVALENT CIRCUIT FOR A SINGLE 1/0 PIN 

FROM -- D a Voo 

DATA 
DATA 

BUS 
LATCH 

'WRITE" - CK -a p 

TO DATA BUS 

1/0 
PIN 

'READ' 

FROM - 0 a 
W-REGISTER 

1/0 
CONTROL 02 

LATCH 

"TRIS f' - CK SET a 1---------i 

'RESET" 
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FIGURE 4.5.2.1 • 1/0 PORT READ/WRITE TIMING 

·~1~1001~·~1~1001~·~1~1001~·~1~1001~· 
I I I I I Note: 

PC ~ PC X PC+1 X PC+2 X PC+3 This example show~ 
write to port B followed 
by a read from port B. 
Note that the data setup 
time = (0.25 TCY - TPD) 
where TCY = instruction 
cycle. Therefore, a1 
higher clock frequencies, 
write followed by a read 
may be problematic. 

Instruction MOVWF f6 MOVF f6, W NOP NOP 
fetched Write to f6 Read !6 (Port B) ' 

(PortB) : 1 

RB(7:0) I ~ 

' ,' f Port pin 
I I 
, , sampled here , ..-, ,._ 

Execute •TA:> Execute Execute 
MOVWF f6 MOVF f6, W NOP 

5.0 GENERAL PURPOSE 
REGISTERS 

f08h • f1 Fh: are general purpose register files. 

6.0 SPECIAL PURPOSE 
REGISTERS 

6.1 W WORKING REGISTER 
Holds second operand in two operand instructions 
and/or supports the internal data transfer. 

6.2 IB!SA 1/0 CONTROL REGISTER 
FOR PORT A (FS) 

Only bits 0·3 are available. The corresponding 1/0 
port (f5) is only 4-bit wide. 

6.3 ~ 1/0 CONTROL REGISTER 
FOR PORT B (f6) 

The 1/0 control registers will be loaded with the 
content of the W register by execution of the TRIS f 
instruction. A "1" in the 1/0 control register puts the 
corresponding 1/0 pin into a high impedance mode. A 
•o• puts the contents of file register f5 or f6, respec
tively, out on the selected 1/0 pins. 

These registers are "write-only" and are set to all 
'ones" upon a RESET condition. 

6.4 OPTION PRESCALER/RTCC 
OPTION REGISTER 

Defines prescaler assignment (RTCC or WOT), pres· 
caler value, signal source and signal edge for the 
RTCC. The OPTION register is "write-only" and is 6 
bit wide. 

By executing the "OPTION" instruction, the contents 
of the "W" register will be transferred to the option 
register. Upon a RESET condition, the option register 
is set to all "ones." 

© 1994 Microchip Technology Inc. 
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7.0 RESET CONDITION 

A RESET condition can be caused ~lying power 
to the chip (power-up), pulling the MCLR input "low", 
or by a Watchdog timer time-out. The device will stay 
in RESET as long as the oscillator start-up timer 
(OST) is active or the MCLR input is "low.• 

The oscillator start-up timer is activated as soon as 
MCLR input is sensed to be high. This implies that in 
case of power on reset with MCLR tied to Voo the 
OST starts from power-up. In case of WOT time-out, 
it will start at the end of the time-out (since MCLR is 
~In case of MCLR reset, the OST will start when 
MCLR goes high. The nominal OST time-out period 
is 18 ms. See Section 12.0fordetailed information on 
OST and power on reset. 

During a RESET condition the state of the PIC16C54 
is defined as : 

• The oscillator is running, or will be started (power
up or wake-up from SLEEP). 

• All 1/0 port pins (RAO - RA3, RBO • RB7) are put 
into the high-impedance state by setting the "TRIS" 
registers to all "ones" (= input mode). 

• The Program Counter is set to all "ones". 

• The OPTION register is set to all "ones". 

• The Watchdog Timerand its prescaler are cleared. 

• The upper three bits (page select bits) in the 
Status Register (f3) are cleared to "zero." 

• "RC" devices only: The "CLKOUT" signal on the 
OSC2 pin is held at a "low" level. 
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FIGURE 6.5.1 - OPTION REGISTER 

5 4 3 2 1 0 

[ RTS I RTE J PSA I PS2 I PS1 I PSO RESETVALUE: 111111b 

\ I 

PRESCALER VALUE RTCCRATE WDTRATE 

0 0 0 1 : 2 1 : 1 
0 0 1 1 : 4 1 : 2 
0 1 0 1 : 8 1 : 4 
0 1 1 1 : 16 1 : 8 
1 0 0 1 : 32 1 : 16 
1 0 1 1 : 64 1 : 32 
1 1 0 1 : 128 1 : 64 
1 1 1 1 : 256 1 : 128 

'-------- PRESCALER ASSIGNMENT BIT: 
0 .... RTCC 
1 .... WOT 

RTCC SIGNAL EDGE: 
0 .... INCREMENT ON LOW-TO.HIGH TRANSITION ON RTCC PIN 
1 .... INCREMENT ON HIGH-TO-LOW TRANSITION ON RTCC PIN 

'------------ RTCC SIGNAL SOURCE: 
0 .... INTERNAL INSTRUCTION CYCLE CLOCK (CLKOUT) 
1 .... TRANSITION ON RTCC PIN 

8.0 PRESCALER 

An 8-bit counter is available as a prescaler for the 
RTCC, or as a post-scaler for the watchdog timer, 
respectively (Figure 8.0.1 ). For simplicity, this counter 
is being referred to as "prescaler" throughout this 
data sheet. Note that there is only one prescaler 
available which is mutually exclusively shared be
tween the RTCC and the watchdog timer. Thus, a 
prescaler assignment for the RTCC means that there 
is no prescaler for the watchdog timer, and vice versa. 

The PSA and PSO-PS2 bits in the OPTION register 
determine the prescaler assignment and pre-scale 
ratio. 

When assigned to the RTCC, all instructions writing 
to the RTCC (e.g. CLRF 1, MOVWF 1, BSF 1,x 
.... etc.) will clear the prescaler. When assigned to 
WOT, a CLRWOT instruction will clear the prescaler 
along with the watchdog timer. 
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8.1 SWITCHING PRESCALER 
ASSIGNMENT 

CHANGING PRESCALER FROM RTCC TO WOT 

The prescaler assignment is fully under software 
control, i.e., it can be changed "on the fly" during 
program execution. To avoid an unintended device 
RESET, the following instruction sequence must be 
executed when changing the prescaler assignment 
from RTCC to WOT: 

1. MOVLW B'xxOxOxxx' ; Select internal clock and select new 
2. OPTION ; prescaler value. If new prescale value 

; is= '000' or '001 ',then select any other 
; prescale value temporarily. 

3. CLRF 1 
4. MOVLW B'xxxx1xxx' 

5. OPTION 
6.CLRWOT 

[7. MOVLW B'xxxx1xxx' 
[.§.OPTION 

; Clear RTCC and~-
;Select WOT, do not change prescale 
; value. 

; Clears WOT and~
; Select new prescale value. 

Steps 1 and 2 are only required if an external RTCC 
source is used. Steps 7 and 8 are necessary only if 
the desired prescale value is '000' or '001'. 

CHANGING PRESCALER FROM WOT TO RTCC 

To change prescaler from WOT to RTCC use the 
following sequence: 

1. CLRWOT ; Clear WOT and~ 
2. MOVLW B'xxxxOxxx' ; Select RTCC, new prescale value 

; and clock source 
3. OPTION 
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FIGURE 8.0.1 ·BLOCK DIAGRAM RTCC/WDT PRESCALER 

CLKOUT (=Faac/4) 

~ 
PIN 

WATCH 
DOG 

TIMER 

RTE 

WOT ENABLE 
EPROMFUSE 

M 
u 
x 

0 

RTS 

WOT 
TIMEOUT 

9.0 BASIC INSTRUCTION SET 
SUMMARY 

Each PIC16C54 instruction is a 12-bit word divided 
into an OPCODE which specifies the instruction type 
and one or more operands which further specify the 
operation of the instruction. The PIC16C54 instruc
tion set summary in Table 9.0.1 lists byte-oriented, 
bit-oriented, and literal and control operations. 

For byte-oriented instructions, "f' represents a file 
register designator and "d" represents a destination 
designator. The file registerdesignator specifies which 
one of the thirty-two PIC16C54 file registers is to be 
utilized by the instruction. 

The destination designator specifies where the result 
of the operation is to be placed. If "d" is zero, the result 
is placed in the W register. If "d" is one, the result is 
placed in the file register specified in the instruction. 

For bit-oriented instructions, 'b" represents a bit field 
designator which selects the number of the bit af
fected by the operation, while ·r represents the 
number of the file in which the bit is located. 

For literal and control operations, "k" represents an 
eight or nine bit constant or literal value. 

All instructions are executed within one single in
struction cycle, unless a conditional test is true or the 
program counter is changed as a result of an instruc
tion. In this case, the execution takes two instruction 
cycles. One instruction cycle consists of four oscilla· 
tor periods. Thus, for an oscillator frequency of 4 
MHz, the normal instruction execution time is 1 µs .. " 
a conditional test is true or the program counter 1s 
changed as a result of an instruction, the instruction 
execution time is 2 µs. 

© 1994 Microchip Technology Inc. 

DATA BUS 

8 

M SYNC 
u 2 RTCC(l1) 
x CYCLES 

PSA 

- PSO.PS2 

Note: RTE, RTS, PSA, PSO-PS2 
are bits in the OPTION register. 

Notes to Table 9.0. 1 

Note 1: The 9th bit of the program counter will be 
forced to a "zero' by any instruction that 
writes to the PC (f2) except for GOTO (e.g. 
CALL, MOVWF 2 etc.). See Section 3.3 on 
page 8 for details. 

Note 2: When an 1/0 register is modified as a function 
of itself (e.g. MOVF 6, 1 ), the value used will 
be that value present on the pins themselves. 
For example, if the data latch is '1" for a pin 
configured as output and is driven low by an 
external device, the data will be written back 
with a 'O'. 

Note 3: The instruction 'TRIS f" , where f = 5 or 6 
causes the contents of the W register to be 
written to the tristate latches of the specified 
file (port). A "one' forces the pin to a high 
impedance state and disables the output 
buffers. 

Note 4: If this instruction is executed on file register 
f1 (and, where applicable, d=1), the pres
caler will be cleared if assigned to the RTCC. 
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TABLE 9.0.1 • INSTRUCTION SET SUMMARY 

(11-6) (5) 

I 
(4-0) 

BYTE-ORIENTED FILE REGISTER OPERATIONS I OPCODE I d f(FILE #) I 
d = o for destination W 
d = 1 for destination f 

Instruction-Binary (Hex) Name Mnemonic, Operands Operation Status Affected Notes 

0001 lldf ffff lCf Add Wand f ADDWF f, d W+f-+d C,DC,Z 1,2,4 
0001 Oldf ffff 14f AND Wand f ANDWF f, d W&f-+d z 2,4 
0000 Ollf ffff 06f Clearf CLRF f 0-+f z 4 
0000 0100 0000 040 ClearW CLRW - 0-+W z 
0010 Oldf ffff 24f Complement f COMF f, d f-+ d z 2,4 
0000 lldf ffff OCf Decrementf DECF f, d f-1-+ d z 2,4 
0010 lldf ffff 2Cf Decrement f, Skip if Zero DECFSZ f, d f - 1 -+ d, skip if zero None 2,4 
0010 lOdf ffff 28f Increment! INCF f, d !+1-+d z 2,4 
0011 lldf ffff 3Cf Increment f, Skip if zero INCFSZ f, d f + 1 -+ d, skip if zero None 2,4 
0001 OOdf ffff lOf Inclusive OR Wand f IORWF f, d Wvf-+d z 2,4 
0010 OOdf ffff 20f Move f MOVF f, d f-+d z 2,4 
0000 OOlf ffff 02f MoveWtof MOVWF f W-+f None 1,4 
0000 0000 0000 000 No Operation NOP - - None 
0011 Oldf ffff 34f Rotate left f RLF f, d f(n)-+ d(n+1), C-+ d(O), f(7)-+ C c 2,4 
0011 OOdf ffff 30f Rotate right f RRF f, d f(n)-+ d(n-1), C-+ d(7), f(O)-+ C c 2,4 
0000 lOdf ffff OBf Subtract W from f SUBWF f, d f -w -+ d [f + w + 1 -+ d] C,OC,Z 1,2,4 
0011 lOdf ffff 38f Swap halves f SWAPF f, d f(0-3) H f(4-7) -+ d None 2,4 
0001 lOdf ffff lBf Exclusive OR Wand f XORWF f, d we f-+d z 2,4 

BIT-ORIENTED FILE REGISTER OPERATIONS 
(11-8) (7-5) (4-0) 

I OPCODE I b(BIT#) I f(FILE #) I 
Instruction-Binary (Hex) Name Mnemonic, Operands Operation Status Affected Notes 

0100 bbbf ffff 4bf Bit Clearf BCF f, b 0-+ f(b) None 2,4 
0101 bbbf ffff Sbf Bit Set f BSF f, b 1-+ f(b) None 2,4 
0110 bbbf ffff 6bf Bit Test f, Skip if Clear BTFSC f, b Test bit (b) in file (f): Skip if clear None 
0111 bbbf ffff 7bf Bit Test f, Skip if Set BTFSS f, b Test bit (b) In file (f): Skip If set None 

(11-8) (7-0) 
LITERAL AND CONTROL OPERATIONS I OPCODE I k (LITERAL) I 

Instruction-Binary (Hex) Name Mnemonic, Operands Operation Status Affected Notes 

1110 kkkk kkkk Ekk AND Literal and W ANDLW k k&W-+W z 
1001 kkkk kkkk 9kk Call subroutine CALL k PC + 1 -+ Stack, k -+ PC None 1 
0000 0000 0100 004 Clear Watchdog timer CLRWDT - O-+ WOT (and prescaler, if assigned) TO.PD 
lOlk kkkk kkkk Akk Go To address (k is 9 bit) GOTO k k -+ PC (9 bits) None 
1101 kkkk kkkk Dkk Incl. OR Literal and W IORLW k kvW-+W z 
1100 kkkk kkkk Ckk Move Literal to W MOVLW k k-+W None 
0000 0000 0010 002 Load OPTION register OPTION - W -+ OPTION register None 
1000 kkkk kkkk Bkk Return, place Literal in W RETLW k k -+ W, Stack -+ PC None 
0000 0000 0011 003 Go into standby mode SLEEP - o -+ WOT, stop oscillator TO,PD 
0000 0000 Offf OOf Tristate port f TRIS f W-+ 1/0 control register f None 3 
1111 kkkk kkkk Fkk Exel. OR Literal and W XORLW k kfDW-+W z 

Notes: See previous page 
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9.1 INSTRUCTION DESCRIPTION B§F Bit Sgt f 

ADDWF ADDWtof Syntax: BSF f,b 

Syntax: ADDWF f,d 
Encoding: I 0101 I bbbf I ffff 

Encoding: I 0001 I uaf I ffff 
Words: 

Words: 1 
Cycles: 1 

Cycles: 
Operation: 1 --+ f(b) 

Operation: (W+f)-..+d 
Status bits: None 

Status bits: C,DC,Z 
Description: Bit "b" in register "f' is set to 1. 

Description: Add the contents of the W register to BTFSC Bit Test, skie if Clegr 
register "I". If "d" is o the result is stored Syntax: BTFSC f,b 
in the W register. If "d' is 1 the result is 
stored back in register "I". Encoding: I 0110 1 bbbf I ffff 

ANDLW AND Literal and W Words: 1 

Syntax: ANDLW k 
Cycles: 1(2) 

Encoding: I 1110 I kkkk I kkkk I Operation: skip if f(b) = O 

• Words: 1 
Status bits: None 

Cycles: 
Description: If bit "b" in register "f' is "O" then the next 

instruction is skipped. 
Operation: CN .AND. k)--+ w If bit "b" is "O", the next instruction, fetched 
Status bits: z during the current instruction execution, 

Description: The contents of W register are AND'ed 
is discarded and a NOP is executed in-

with the eight bit literal "k". The result is 
stead making this a 2 cycle instruction. 

placed in the W register. BTFSS Bit Test, skie if Set 

ANDWF ANDWwithf Syntax: BTFSS f,b 

Syntax: ANDWF f,d Encoding: I 0111 1 bbbf I ffff 

Encoding: I 0001 I Oldf I ffff Words: 1 

Words: 1 Cycles: 1 (2) 

Cycles: 1 Operation: skip if f(b) = 1 

Operation: CN .AND. I) --+ d Status bits: None 

Status bits: z Description: If bit "b" in register "I" is "1" then the next 

Description: AND the W register with register "f'. If "d" 
instruction is skipped. 

is O the result is stored in the W register. If bit "b" is •1 •,the next instruction, fetched 
If "d" is 1 the result is stored back in during the current instruction execution, 
register "f'. is discarded and a NOP is executed in-

~~E Bil ~lggr f 
stead making this a 2 cycle instruction. 

Syntax: BCF 
CALL Subrouting Cgll 

f,b 

Encoding: I 0100 I bbbf I ffff 
Syntax: CALL k 

! 1001 I kkkk 1 kkkk Words: 1 
Encoding: 

Cycles: 1 
Words: 1 

Operation: 0 --+ f(b) 
Cycles: 2 

Status bits: None 
Operation: PC + 1 --+ TOS; k -+ PC<7:0>, 

'O'--+ PC<8>, PA2, PA1, PAO-.+ 
Description: Bit "b" in register "f' is reset to o. PC<11:9>; 

Status bits: None 
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Description: Subroutine call. First, return address (PC 
+ 1) is pushed into the stack. The eight bit 
value is loaded into PC bits <7:0>. PC bit 
9 is cleared. PC <2:0> bits are loaded into 
PC <11 :9>. CALL is a two cycle instruc
tion. 

CLRF Clear f and Clear d 

Syntax: CLRF f,d 

Encoding: I 0000 J Ollf J ff ff 

Words: 

Cycles: 

Operation: OOh--+ f, OOh --+ d 

Status bits: None 

Description: The contents of register "f' are set too. If 
"d' is O the contents of both data memory 
location "I" and W register are set to 0. If 
"d' is 1 the only contents of register "f' are 
set to 0. 

CLRW Clear W Register 

Syntax: .-C_L_R_W~--~-~ 

Encoding: J 0000 J 0100 J 0000 

Words: 

Cycles: 

Operation: OOh-+W 

Status bits: Z 

Description: W registered is cleared. Zero bit (Z) is set. 

CLRWDT Clear Watchdog Timer 

Syntax: .-C_LR_W---,D_T _ __,.---, 

Encoding: I 0000 J 0000 J 0100 J 

Words: 1 

Cycles: 

Operation: OOh -+WOT, o --+WOT prescaler, 

Status bits: 1 --+TO, 1 --+ PD 

Description: CLRWDT instruction resets the watch
dog timer. It also resets the prescaler of 
the WOT. Status bits TO and PD are set. 

COMF Complement f 

Syntax: COMF f,d 

Encoding: I 0010 J Oldf J ffff 

Words: 1 

Cycles: 

Operation: f--+ d 

Status bits: Z 

Description: The contents of register "I" are comple
mented. If "d" is O the result is stored in W. 
If "d" is 1 the result is stored back in 
register ·r. 
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DECF Decrement f 

Syntax: DECF f,d 

Encoding: J 0000 J 11df I ffff 

Words: 1 

Cycles: 1 

Operation: (f-1)--+ d 

Status bits: C, DC, Z 

Description: Decrementregister"f'. lf"d"isOtheresult 
is stored in the W register. If "d" is 1 the 
result is stored back in register "f'. 

DECFSZ Decrement f. skip if 0 

Syntax: DECFSZ f,d 

Encoding: J 0010 J 11df J ffff 

Words: 1 

Cycles: 1 (2) 

Operation: (f - 1) --+ d; skip if result= o 

Status bits: None 

Description: The contents of register "f' are decre
mented. If "d" is O the result is placed in 
the W register. If "d" is 1 the result is 
placed back in register "f'. If the result is 
0 the next instruction is skipped. 

GOTO 

Syntax: 

Encoding: 

Words: 

Cycles: 

If the result is 0, the next instruction, 
which is already fetched, is discarded. A 
NOP is executed instead making it a two 
cycle instruction. 

Unconditional Branch 

GOTO k 

J 101k 1 kkkk I kkkk 

2 

Operation: k -t PC<8:0>, PA2, PA1, PAO 

-t PC<11 :9>; 

Status bits: None 

Description: GOTO is an unconditional branch. The 
eleven bit immediate value is loaded into 
PC bits <10:0>. The upper bits of PC are 
loaded from PCLATH <4:3>. GOTO is a 
two cycle instruction. 

INCF Increment f 

Syntax: INCF f,d 

Encoding: I 0010 J 1odf I ffff 

Words: 

Cycles: 

Operation: (f + 1) -t d 

Status bits: C, DC, Z 
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INCFSZ 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

The contents of register T are incre
mented. If "d" is O the result is placed in 
the W register. If "d" is 1 the result is 
placed back in register T. 

Increment f. skip if 0 

INCFSZ f,d 

I 0011 I 11df I ffff 

1 (2) 

(f + 1)-+ d, skip if result= O 

None 

Description: The contents of register T are incre
mented. If "d" is O the result is placed in 
the W register. If "d" is 1 the result is 
placed back in register T. If the result is 
O the next instruction is skipped. 

IORLW 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

If the result is 0, the next instruction, 
which is already fetched, is discarded. A 
NOP is executed instead making it a two 
cycle instruction. 

lncluslve OR Literal with W 

IORLW k 

I 1101 I kkkk I kkkk I 
1 

1 

(W .OR. k) -+ W 

z 
Description: The contents of the W register are OR'ed 

with the eight bit literal "k". The result is 
placed in the W register. 

IORWF 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

Inclusive OR W with f 

IORWF f,d 

I 0001 I OOdf I ffff 

1 

1 

(W .OR. f) -+ d 

z 
Description: Inclusive OR the W register with register 

T. If "d" is O the result is stored in the W 
register. If "d" is 1 the result is stored back 
in register T. 
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MOVF 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

Description: 

MTA81010 

Movef 

MOVF f,d 

joo10 I oodf I ffff 

1 

1 

(f)-+ d 

z 
The contents of register 'I' are moved. If 
'd' is O the result is placed in the W 
register. If 'd' is 1 the result is placed 
back in register 'I'. 

MOVLW Move Literal to W 

Syntax: MOVLW k 

Encoding: I 1100 I kkkk I kkkk 

Words: 

Cycles: 

Operation: k -+ W 

Status bits: None 

Description: The eight bit literal 'k" is loaded into W 
register. 

MOVWF 

Syntax: 

Encoding: 

Words: 

Cycles: 

Move Wtof 

MOVWF f 

I 0000 I OOlf lffff 

1 

Operation: W -+ f 

Status bits: None 

Description: Move data from W register to register T. 

NOP 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

No Operation 

NOP 

I 0000 I 0000 I 0000 

No operation 

None 

Description: No operation 

OPTION 

Syntax: 

Encoding: 

Words: 

Cycles: 

Load Option Reaister 

OPTION 

I 0000 I 0000 I 0010 

1 

Operation: W -+ OPTION; 

Status bits: None 

Description: The contents of the W register is loaded in 
the OPTION register. 
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RETLW 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

Description: 

RLF 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

Description: 

RRF 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

Description: 

SLEEP 

Syntax: 

Encoding: 

Words: 

Cycles: 

Return Literal to W 

RETLW k 

I 1000 I kkkk I kkkk I 
1 

2 

k -+ W; TOS -+ PC; 

None 

The W register is loaded with the eight bit 
literal "k". The program counter is loaded 
from the top of the stack {the return 
address). This is a two cycle instruction. 

Rotate Left f through Carrv 

RLF f,d 

I 0011 I Oldf I ff ff 

1 

1 

f<n> -+ d<n+ 1 >, f<7>-+ C, C -+ d<O>; 

c 
The contents of register T are rotated 
one bit to the left through the Carry Flag. 
If "d' is O the result is placed in the W 
register. If "d' is 1 the result is stored back 
in register T. 

Rotate Right f through Carry 

RRF f,d 

10011 I OOdf I ffff 

1 

f<n> -+d<n-1>, f<O> -+C, C-+d<7>; 

c 
The contents of register T are rotated 
one bit to the right through the Carry Flag. 
If "d' is O the result is placed in the W 
register. lf"d"is 1 theresultisplacedback 
in register T. 

SLEEP 

I 0000 I 0000 I 0011 

1 

Operation: 0 -+ PD, 1 -+ TO; 
OOh-+ WOT, 0-+ WOT prescaler; 

Status bits: TO, PD 

Description: The power down status bit (PD) is cleared. 
Time-out status bit {TO) is set. Watchdog 
Timer and its prescaler are cleared. 
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SUBWF 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

The processor Is put into SLEEP mode 
with the oscillator stopped. See section 
on SLEEP mode for more details. 

Subtract W from f 

SUBWF f,d 

I 0000 i 1odf I ffff 

1 

1 

(f-W) -+ d 

C,DC,Z 

;SUBWF Example #1 

~lrf Ox20 
movlw 1 
subwf Ox20 

. 
;f (20h)=O 
;wreg=l 
;f(20h)=f{20h)-wreg=O-l=FFh 
;Carry=O; Result is negative 

;SUBWF Example #2 

~ovlw OxFF 
movwf Ox20 
clrw 
subwf Ox20 
O=FFh 

Description: 

SWAPF 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

Description: 

TRIS 

Syntax: 

Encoding: 

Words: 

Cycles: 

;f(20h)=FFh 
;wreg=O 
;f (20h)=f(20h)-wreg=FFh-

;Carry=l:Result is positive 

Subtract (2's complement method) the W 
register from register T. If "d" is O the 
result is stored in the W register. If "d" is 
1 the result is stored back in register T. 

Swapf 

SWAPF f,d 

I 0011 I 1odf I ffff 

1 

f<0:3> -+ d<4:7>, f<4:7> -+ d<0:3>; 

None 

The upper and lower nibbles of registerT 
are exchanged. If "d" is O the result is 
placed in W register. If "d" is 1 the result 
is placed in register T. 

Load TRIS Register 

TRIS f 

joooo I 0000 I Offf I 
1 

Operation: W -+ TRIS register f; 

Status bits: None 

Description: TRIS registerf (f ~ 5, 6 or 7) is loaded with 
the contents of the W register. 
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XORLW 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

Exclusive OR literal with W 

XORLW k 

!1111 I kkkk lkkkk 

1 

1 

(W .XOR. k) ~ W 

z 
Description: The contents of the W register are XOR'ed 

with the eight bit literal "k". The result is 
placed in the W register. 

XORWF 

Syntax: 

Encoding: 

Words: 

Cycles: 

Operation: 

Status bits: 

Description: 

Exclusive OR W with f 

XORWF f,d 

I 0001 I lOdf I ff ff 

1 

1 

(W .XOR. f) ~ d 

z 
Exclusive OR the contents of the W reg
ister with register "f". If "d" is O the result 
is stored in the W register. If "d" is 1 the 
result is stored back in register "f". 

10.0 WATCHDOG TIMER (WOT) 
The watchdog timer is realized as a free running on
chip RC oscillator which does not require any external 
components. That means thatthe WOT will run, even 
if the clock on the OSC 1 /OSC2 pins of the device has 
been stopped, for example, by execution of a SLEEP 
instruction. A WOT timeout generates a device RE
SET condition. The WOT can be permanently dis
abled by programming a 'zero' into a special EPROM 
fuse which is not part of the normal program memory 
EPROM. The development tools provide special com
mands to program this fuse. 

10.1 WOT PERIOD 

The WOT has a nominal time-out period of 18 ms, 
(with no prescaler). The time-out periods vary with 
temperature, Voo and process variations from part to 
part (see DC specs). If longer time-out periods are 
desired, a prescaler with a division ratio of up to 1: 128 
can be assigned to the WOT under software control 
by writing to the OPTION register. Thus, time-out 
periods up to 2.5 seconds can be realized. 

The 'CLRWDT' and 'SLEEP' instructions clear the 
WOT and the prescaler, if assigned to the WOT, and 
prevent it from timing out and generating a device 
RESET condition. 

The status bit 'TO' in file register f3 will be cleared 
upon a watchdog timer timeout. 
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The WOT period is a function of the supply voltage, 
operating temperature, and will also vary from unit to 
unit due to variations in the manufacturing process. 
Please refer to the graphs in Section 17.0 and DC 
specs for more details. 

10.2 WOT PROGRAMMING 
CONSIDERATIONS 

In a noisy application environment the OPTION reg
ister can get corrupted. The OPTION register should 
be updated at regular intervals. 

It should also be taken in account that under worst 
case conditions (Voo = Minimum, Temperature = 
Maximum, maximum WOT prescaler) it may take 
several seconds before a WOT timeout occurs. 

11.0 OSCILLATOR CIRCUITS 

11.1 OSCILLATOR TYPES 

The MTA8101 O series is available with three different 
oscillator options. On OTP and OTP devices, the 
oscillator configuration is programmed by the factory 
and the parts are tested only to the according speci
fications. 

11.2 CRYSTAL OSCILLATOR 

The MTA8101 O, -XT, or LP needs a crystal or ceramic 
resonator connected to the OSC1 and OSC2 pins to 
establish oscillation (Figure 11.2.1 ). XT = Standard 
crystal oscillator, LP = low power crystal oscillator. 
The series resistor Rs may be required in XT mode 
with AT strip-cut type crystals to avoid overdriving. 

11.3 RC OSCILLATOR 

For timing insensitive applications the 'RC' device 
option offers additional cost savings. The RC oscilla
tor frequency is a function of the supply voltage, the 
resistor (Rext) and capacitor (Cext) values, and the 
operation temperature. In addition to this, the oscilla
tor frequency will vary from unit to unit due to normal 
process parameter variation. Furthermore, the differ
ence in lead frame capacitance between package 
types will also affect the oscillation frequency, espe
cially for low Cext values. The user also needs to take 
into account variation due to tolerance of external R 
and C components used. Figure 11.3.1 shows how 
the R/C combination is connected to the MTA81010. 
For Rextvalues below 2.2 kOhm, the oscillator opera
tion may become unstable, or stop completely. For 
very high Rext values (e.g. 1 MOhm), the oscillator 
becomes sensitive to noise, humidity and leakage. 
Thus, we recommend to keep Rext between 5 kOhm 
and 100 kOhm. 

Although the oscillator will operate with no external 
capacitor (Cext = O pF), we recommend using values 
above 20 pF for noise and stability reasons. With no 
small external capacitance, the oscillation frequency 
can vary dramatically due to changes in external 
capacitances, such as PCB trace capacitance or 
package lead frame capacitance. 
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See Table 17 .0.1 for RC frequency variation from part 
to part due to normal process variation. The variation 
is larger for larger R (since leakage current variation 
will affect RC frequency more for large R) and for 
smaller C (since variation of input capacitance will 
affect RC frequency more). 

See characteristics in Section 17.0 for variation of 
oscillator frequency due to Voo for given Rext/Cext 
values as well as frequency variation due to operating 
temperature for given R, C, and Voo values. 

The oscillator frequency, divided by 4, is available on 
the OSC2/CLKOUT pin, and can be used for test 
purposes or to synchronize other logic (see Figure 
2.2.1 for timing). 

FIGURE 11.2.1 ·CRYSTAL OPERATION 
(OR CERAMIC RESONATOR) 
XT OR LP TYPES ONLY) 

--~---: MTA81010 
,..L, I 

l I \-.J-7 

! : \ ,L- SLEEP 

: : ~ 
.. T.. I 

I I 

-·•- - -.+~TO INTERNAL 
LOGIC 

Rs may be required In XT mode for AT strip-cut crystals to 
avoid overdriving. See Tables 11.2.1 and 11.2.2 for recom
mended values of C1, C2 per oscillator type and frequency. 

TABLE 11.2.1 ·CAPACITOR SELECTION 
FOR.CERAMIC RESONATORS 

Oscillator Resonator Capacitor Range 
Type Frequency C1 =C2 

XT 455KHz 150-330 pF 

2.0MHz 20 ·330pF 

4.0MHz 20-330pF 

Higher capacitance increases the stability of oscilla
tor but also increases the start-up time. These values 
are for design guidance only. Since each resonator 
has its own characteristics, the user should consult 
the resonator manufacturer for appropriate values of 
external components. 
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FIGURE 11.2.2 • EXT.ERNAL CLOCK 
INPUT OPERATION 

CLOCK FROM 
EXT.SYSTEM 

(XT OR LP TYPES ONLY) 

MTA81010 
OPEN 0602 

TABLE 11.2.2 • CAPACITOR SELECTION 
FOR CRYSTAL OSCILLATOR 

Osc 
Type 

Freq C1 C2 

LP 32KHz 15pF 15 pF 
XT 100 KHz 15-30pF 200-300 pF 

200KHz 15-30pF 100-200 pF 
455KHz 15-30pF 15-100pF 
1 MHz 15-30 pF 15·30pF 
2MHz 15 pF 15pF 
4MHz 15pF 15pF 

Higher capacitance increases the stability of oscilla
tor but also increases the start-up time. These values 
are for design guidance only. Rs may be required in 
XT mode to avoid overdriving crystals with low drive 
level specification. Since each crystal has its own 
characteristics, the user should consult the crystal 
manufacturer for appropriate values of external com
ponents. 

FIGURE 11.3.1 ·RC OSCILLATOR (RC 
TYPE ONLY) 

Voo 

Rext 

-----10$01 

MTA81010 

OSC2/CLKOUT 

Cext 

Vss :;!;:' 
Fosc/4 '-------' 
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FIGURE 12.1.1 - EXTERNAL POWER ON 
RESET CIRCUIT 

Voo 

Notes: = MTA81010 

1. External power on reset circuit is required only ff Voo 
power-up slope Is too slow or if a low frequency 
crystal oscillator is being used that need a long 
start-up time. The diode D helps discharge the 
capacitor quickly when VDD powers down. 

2. R < 40 Kn must be observed to make sure that 
voltage drop across R does not exceed 0.2 V 
(maximum leakage current specification on ~pin 
is 5 µA). A. larger voltage drop will degrade V1H level 
on~p1n. 

3. R1 = 1 oon to 1 Kn will limlt any current flowing into 
MCLR from external capacitor C in the event of MCLR 
pin breakdown due to ESD or EOS. 

FIGURE 12.1.2 - BROWN OUT 
PROTECTION CIRCUIT 

MTA81010 
= 

Notes: 
1. This circuit will activate reset when Voo goes 

below (VZ + 0.7 V) where Vz =Zener voltage. 

FIGURE 12.1.3- BROWN OUT 
PROTECTION CIRCUIT 

Voo -...--~...--; MCVoo 
R1 

R2 

= MTA81010 

Notes: 
1. This brown circuit is less expensive, albeit less 

accurate. Transistor 01 turns off when VDD is 
below a certain level such that: 

R1 
VDD • R1 + R2 = 0.7 V. 

© 1994 Microchip Technology Inc. 

4-143 

MTA81010 

12.0 OSCILLATOR START-UP 
TIMER (OST) 

Oscillator circuits based on crystals or ceramic reso
nators require a certain time after power-up to estab
lish a stable oscillation. An on-chip oscillator start-up 
timer is provided which keeps the device in a RESET 
condition for approximately 18 ms after the voltage on 
the MCLR pin has reached a logic high (VIHMC) level. 
Thus, external RC networks connected to the MCLR 
input are not required in most cases, allowing for 
savings in cost-sensitive and/or space restricted ap
plications. 

The OST will also be triggered upon a watchdog timer 
timeout. This is particularly important for applications 
using the WOT to awake the MTA81010 from SLEEP 
mode automatically. 

The OST is not adequate for low frequency crystals 
which require much longer than 18 ms to start up and 
stabilize. 

12.1 POWER ON RESET (POR) 
The MTA81010 incorporates an on chip Power On 
Reset (POR) circuitry which provides internal chip 
reset for most power-up situations. To use this 
feature the user merely needs to tie MCLR pin to 
MCVoo. A simplified block diagram of the on-chip 
power on reset circuit is shown in Figure 12.1 .4. The 
power on reset circuit and the oscillator start-up timer 
circuit are closely related. On power-up the reset 
latch is set and the start-up timer (see Figure 12.1.4) 
is reset. The start-up timer begins counting once it 
detects MCLR to be high. After the time-out period, 
which is typically 18 ms, it will reset the reset-latch 
and thus end the on-chip reset signal. 

Figures 12.1.5 and 12.1.6 are two power-up situa
tions with relatively fast rise time on MCVoo. In 
Figure 12.1.5, MCVoo is allowed to rise and stabilize 
before bringing MCLR high. The chip will actually 
come out of reset tosr ms after MCLR goes high. In 
Figure 12.1.6, the on chip power-on reset feature is 
being utilized (MCLR and MCVoo are tied together). 
The MCVoo is stable before the start-up timer times 
out and there is no problem in getting a proper reset. 
Figure 12.1. 7 depicts a potentially problematic situa
tion where MCVoo rises too slowly. In this situation, 
when the start-up timer times out, MCVoo has not 
reached the MCVoo (minimum) value and the chip is 
therefore not guaranteed to function correctly. 

To summarize, the on chip power-on reset is guaran
teed to work if the rate of rise of MCVoo is no slower 
than 0.05 Vims. It is also necessary that the MCVoo 
starts from OV. The on chip power on reset is also not 
adequate for low frequency crystals which require 
much longer than 18 ms to start up and stabilize. For 
such situations, we recommend that external RC 
circuits are used for longer power on reset. 
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FIGURE 12.1.4- SIMPLIFIED POWER ON RESET BLOCK DIAGRAM 

MCVDD 

MCLR 
PIN 

POWER·UP 
DETECT 

Ot-H;HIP 
RCOSC 

POR (POWER-ON RESET) 

S·BIT ASYNCH 
RIPPLE COUNTER 
(START-UP TIMER) 

FIGURE 12.1.5 - USING EXTERNAL RESET INPUT 

MCVoo /i 
------+------~ i 

INTERNAL POR ! 

!OST 

OST TIME-OUT 

INTERNAL RESET 

RESET 
i------1S a 

,__ __ __, R a+----_. 
CHIP RESET 

Unote1 

I I 
j i 
: I 

~-tos-T-~r 

Note 1: The tost time-out is invoked every time the chip comes out of reset. 

FIGURE 12.1.6- USING ON-CHIP POR (FAST Voo RISE TIME) 

MCVoo 

------Li; 
i ! 

INTERNAL POR -----~ !-------------------------

!OST 

OST TIME-OUT -------------~ 

INTERNAL RESET---------------' 
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FIGURE 12.1.7 - USING ON-CHIP POR (SLOW Voo RISE TIME) 

MCVoo 

MCLR 

INTERNAL POR 

OST TIME-OUT 

5V 

ov 

!OST 

When Voo rises slowly, the internal time-out period expires long before Voo has reached its final 
value. In this example, the chip will reset properly if, and only if, V1<: VoDMIN . 

13.0 POWER DOWN MODE (SLEEP) 
The power down mode is entered by executing a 
SLEEP instruction. 

If enabled, the watchdog timer will be cleared but 
keeps running, the bit "PD" in the status register (f3) 
is cleared, the "TO" bit is set, and the oscillator driver 
is turned off. The 1/0 ports maintain the status they 
had, before the SLEEP command was executed (driv
ing high, low, or hi-impedance). 

For lowest current consumption in this mode, all 1/0 
pins should be either at Voo, or Vss, with no external 
circuitry drawing current from the 110 pin. 1/0 pins that 
are in the High·Z mode should be pulled high or low 
externally to avoid switching currents caused by float
ing inputs. The RTCC input should also be at Voo or 
Vss for lowest current consumption. 

The MCLR pin must be at VIHMC. 

13.1 WAKE-UP 
The device can be awakened by a watchdog timer 
timeout (if it is enabled) or an externally applied "low" 
pulse at the MCLR pin. In both cases the PIC16C54 
will stay in RESET mode for one oscillator start-up 
timer period (triggered from rising edge on MCLR or 
WDT timeout) before normal program execution re
sumes. 

The "PD" bit in the STATUS register, which is set to 
one during power on, but cleared by the "SLEEP" 
command, can be used to determine if the processor 
was powered up or awakened from the power down 
mode (Table 3.5.1.2). The TO bit in the Status 
register can be used to determine if the "wake up" was 
caused by an external MCLR signal or a watchdog 
timer time out. 

NOTE: Some applications may require external R/C 
networks on the MCLR pin in order to allow for 
oscillator start-up times longer than one OST period. 
In this case, a WDT wake up from power down mode 
is not recommended, because a RESET generated 
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by a WDT time out does not discharge the external 
capacitor, and the PIC16C54 will be in RESET only 
for the oscillator start-up timer period. 

14.0 CONFIGURATION FUSES 
The configuration EPROM consists of lour EPROM 
fuses which are not part of the normal EPROM for 
program storage. 

Two are for the selection of the oscillator type, one is 
the watchdog timer enable fuse, and one is the code 
protection fuse. 

OTP or QTP devices have the oscillator configuration 
programmed by the factory and the parts are tested 
accordingly. The packages are marked with the 
suffixes "XT", "RC" or "LP" following the part number 
to identify the oscillator type and operating range. 

14.1 CUSTOMER ID CODE 
The MTA81010 series has 16 special EPROM bits 
which are not part of the normal program memory. 
These bits are available to the user to store an 
identifier (ID) code, checksum, or other informative 
data. They cannot be accessed during normal pro· 
gram execution. Programmers designed for the 
MTA81010 provide special commands to read or 
write these ID bits. 

14.2 CODE PROTECTION 
The program code written into the EPROM can be 
protected by programming the code protection fuse 
with "O". 

When code protected, the contents of the program 
EPROM cannot be read out in a way that the program 
code can be reconstructed. In addition, all memory 
locations starting at 040h and above are protected 
against programming. 

It is still possible to program locations OOOh - 03Fh, 
the ID locations and the configuration fuses. 

Note that the configuration fuses and the ID bits can 
still be read, even if the code protection logic is active. 
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14.2.1 Verifying a Code-protected 
PIC16C54 

When code protected verifying any program memory 
location will read a scrambled output which looks like 
"OOOOOOOOXXXX" (binary) where Xis 1 or 0. To verify 
a device after code protection, follow this procedure: 

a. First, program and verify a good device without 
code protecting it. 

b. Next, blow its code protection fuse and then load 
its contents in a file. 

c. Verify any code-protected P IC 16C54 against this 
file. 

Maximum Current into Voo pin ....................... 50 mA 
Maximum Current into an input pin ............. ±500 µA 
Maximum Output Current sinked by any 
110 pin ............................................................... 25 mA 
Maximum Output Current sourced by 
any 1/0 pin ........................................................ 20 mA 
Maximum Output Current sourced by a 
single 1/0 port (Port A or B) ........................... .40 mA 
Maximum Output Current sinked by a single 
1/0 port (Port A or B) ....................................... 50 mA 

15.0 MICROCONTROLLER 
ELECTRICAL CHARACTERISTICS 

"Notice: Stresses above those listed under "Maximum Rat
ings' may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at those 
or any other conditions above those indicated in the operation 
listings of this specttication is not implied. Exposure to maxi
mum rating conditions for extended periods may affect device 
reliability. 

15.1 ABSOLUTE MAXIMUM RATINGS* 
Ambient temperature under bias ... -55"C to +125"C 

Storage Temperature ................... - 65"C to +150°C 
Voltage on any pin with respect to Vss 
(except Voo and MCLR) ............ -0.6V to Voo +0.6V 
Voltage on Voo with respect to Vss ............ O to +9.5V 
Voltage on MCLR with respect to Vss 
(Note 2) ....................................................... 0 to +14V 
Total power Dissipation (Note 1) ................. 800 mW 
Maximum Current out of Vss pin .................. 150 mA 

Notes: 

1. Total power dissipation should not exceed 800 
mW for the package. Power dissipation is calcu
lated as follows: 

Pdis = Voo x {loo - I. loh} +I. {(Voo-Voh) x loh} 
+ I.(Vol x lol) 

2. Voltage spikes below Vss at the MCLR pin, induc
ing currents greater than 80mA, may cause latch
up. Thus, a series resistor of 50-1000 should be 
used when applying a "low' level to the MCLR pin 
rather than pulling this pin directly to Vss. 

TABLE 15.2 - MICROCONTROLLER PIN DESCRIPTIONS 

Name Function Observation 

RAO- RA3 l/OPORTA 4 input/output lines 

RBO- RB7 l/OPORTB 8 input/output lines 

RTCC Real Time Clock/Counter Schmitt Trigger Input 

Clock input to RTCC register. Must be tied to Vss or Voo if 
not in use to avoid unintended entering of test modes and 
to reduce current consumption --

MCLR Master Clear Schmitt Trigger Input 

A "Low" voltage on this input generates a RESET condition 
for the MT A81010 microcontroller 

A rising voltage triggers the on-chip oscillator start-up timer 
which keeps the chip in RESET mode for about 18ms. This 
input must be tied directly, or via a pull-up resistor, to Voo 

OSC1 Oscillator (input) "XT" and "LP" devices: Input terminal for crystal, ceramic 
resonator, or external clock generator 

"RC" devices: Driver terminal for external RC combination 
to establish oscillation 

OSC2/CLKOUT Oscillator (output) For "XT" and "LP" devices: Output terminal for crystal and 
ceramic resonator. Do not connect any other load to this 
output. Leave open if external clock generator is used 

For "RC" devices : A "CLKOUT" signal with a frequency of 
1/4 Fosc1 is put out on this pin 

MCVoo Power supply 

Vss Ground 

N/C No (internal) Connection 
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15.3 MICROCONTROLLER DC CHARACTERISTICS: MTA81010-RC, XT, LP (COMMERCIAL) 

DC CHARACTERISTICS, Standard Operating Conditions 

POWER SUPPLY PINS Operating temperature O :5: TA :5: +70'C, unless otherwise stated 

Operating voltage voo = 3.0V to 5.5V unless otherwise stated 

Characteristic Sym Min Typ Max Units Conditions 
(Note 1) 

Supply Voltage 

MTA81010-XT Vooxt 3.0 6.25 v Fosc = DC to 4 MHz 

MTA81010-RC Voorc 3.0 6.25 v Fosc = DC to 4 MHz 

MTA81010-LP Voolp 2.5 6.25 v Fosc = DC to 40 KHz 

RAM Data Retention VoR 1.5 v Device in SLEEP mode 

Voltage (Note 3) 

Voo start voltage to VPOR Vss v See Section 13.1 for details on power on 

guarantee power on reset reset 

Voo rise rate to guarantee Svoo 0.05* Vims See Section 13.1 for details on power on 

power on reset 

Supply Current (Note 2) 

MTA81010-XT looxt 1.8 3.3 mA Fosc = 4 MHz, Voo = 5.5V 

MTA81010-RC (Note 5) loorc 1.8 3.3 mA Fosc = 4 MHz , Voo = 5.5V 

MTA81010-LP loolp 15 32 µA Fosc = 32 KHz, Voo=3.0V, WOT disabled 

Power Down Current 

(Note 4) 

MTA81010 IP01 4 12 µA Voo = 3.0V, WOT enabled 

IP02 0.6 9 µA Voo = 3.0V, WOT disabled 

• These parameters are based on characterization and are not tested. 

Note 1: Data in the column labeled ''Typical" is based on characterization results at 25'C. This data is for design 
guidance only and is not tested for, or guaranteed by Microchip Technology. 

Note 2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus 
loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on the 
current consumption. 

a) The test conditions for all loo measurements in active operation mode are: 

OSC1 =external square wave, from rail to rail; all 1/0 pins tristated, pulled to Voo, RT= Voo, MCLR = Voo; WOT 
enabled/disabled as specified. 

b) For standby current measurements, the conditions are the same, except that the device is in SLEEP mode. 

Note 3: This is the limit to which Voo can be lowered in SLEEP mode without losing RAM data. 

Note 4: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with all VO pins in hi-impedance state and tied to Voo and Vss. 

Note 5: Does not include current through Rext. The current through the resistor can be estimated by the formula 
Ir = Voo/2Rext (mA) with Rex! in kOhm. 
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15.4 MICROCONTROLLER DC CHARACTERISTICS: MTA810101·RC, XT, LP (INDUSTRIAL) 

DC CHARACTERISTICS, Standard Operating Conditions 

POWER SUPPLY PINS Operating temperature ·40 s TA s: +as·c, unless otherwise stated 

Operating voltage Voo = 3.5V to 5.5V unless otherwise stated 

Characteristic Sym Min Typ Max Units Conditions 
(Note 1) 

Supply Voltage 

MTA81010·XT Vooxt 3.0 6.25 v Fosc = DC to 4 MHz 

MTA81010·RC Vo ore 3.0 6.25 v Fosc = DC to 4 MHz 

MTA81010·LP Voolp 2.5 6.25 v Fosc = DC to 40 KHz 

RAM Data Retention VDR 1.5 v Device in SLEEP mode 

Voltage (Note 3) 

VDD start voltage to VPOR Vss v See Section 13.1 for details on power on 

guarantee power on reset reset 

VDD rise rate to guarantee SVDD o.o5* Vims See Section 13.1 for details on power on 

power on reset reset 

Supply Current (Note 2) 

MTA81010-XT IDDxl 1.8 3.3 mA Fosc = 4 MHz, VDD = 5.5V 

MTA81010-RC (Note 5) ID Dre 1.8 3.3 mA Fosc = 4 MHz, Voo = 5.5V 

MTA81010-LP ID Dip 19 40 µA Fosc = 32 KHz, VDD = 3.0V, WOT disabled 

Power Down Current 

(Note 4) 

MTA81010 IPD1 5 14 µA Voo = 3.0V, WOT enabled 

IPD2 0.8 12 µA VDD = 3.0V, WOT disabled 

• These parameters are based on characterization and are not tested. 

Note 1: Data in the column labeled "Typical" is based on characterization results at 25"C. This data is for design 
guidance only and is not tested for, or guaranteed by Microchip Technology. 

Note 2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus 
loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on the 
current consumption. 

a) The test conditions for all loo measurements in active operation mode are: 

OSC1 =external square wave, from rail to rail; all 110 pins tristated, pulled to Voo, RT= Voo, MCLR = Voo; WOT 
enabled/disabled as specified. 

b) For standby current measurements, the conditions are the same, except that the device is in SLEEP mode. 

Note 3: This is the limit to which Voo can be lowered in SLEEP mode without losing RAM data. 

Note 4: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with all 1/0 pins in hi-impedance state and tied to Voo and Vss. 

Note 5: Does not include current through Rext. The current through the resistor can be estimated by the fonnula 
Ir = Voo/2Rext (mA) with Rext in kOhm. 
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15.5 MICROCONTROLLER DC CHARACTERISTICS: MTA81010-RC, XT, LP (COMMERCIAL) 
MTA810101-RC, XT, LP (INDUSTRIAL) 

DC CHARACTERISTICS, Standard Operating Conditions (unless otherwise stated) 

ALL PINS EXCEPT POWER SUPPLY Operating temperature -40 <TA< +85"C for industrial 
and o·c :STA :S +70"C for commercial 
Operating voltage Voo range as described in DC specification 
Tables 16.3 and 16.4 

Characteristic Sym Min Typ Max Units Conditions 
(Note 1) 

Input Low Voltage 
110 ports VIL Vss 0.2 Voo v Pin at hi-impedance 
MCLR (Schmitt trigger) VILMC Vss 0.15 Voo v 
RTCC (Schmitt trigger) VILRT Vss 0.15 Voo v 
OSC1 (Schmitt trigger) VILOSC Vss 0.15 Voo v MTA81010RC only (Note 5) 
OSC1 VILOSC Vss 0.3 Voo v MTA81010-XT, LP 
Input High Voltage 
1/0 ports VIH 0.45 Voo Voo v For all Voo (Note 6) 

VIH 2.0 Voo v 4.0 V < Voo :S 5.5 V (Note 6) 
VIH 0.36 Voo Voo v Voo > 5.5 V 

MCLR (Schmitt trigger) VIHMC 0.85 Voo Voo v 
RTCC (Schmitt trigger) VIHRT 0.85 Voo Voo v 
OSC1 (Schmitt trigger) VIHOSC 0.85 Voo Voo v MTA81010-RC only (Note 5) 
OSC1 VIHOSC 0.7 Voo Voo v MTA81010-XT, LP 
Input Leakage Current For Voo s; 5.5V 
(Notes 3, 4) 
110 ports Ill -1 0.5 +1 µA Vss $ VPIN $ Voo. 

Pin at hi-impedance 
MCLR llLMCL -5 µA VPIN = Vss + 0.25V 
MCLR llLMCH 0.5 +5 µA VPIN= Voo 
RTCC llLRT -3 0.5 +3 µA Vss $ VPIN $ Voo 
OSC1 llLOSC1 -3 0.5 +3 µA Vss $ VPIN $ Voo ' 

MTA81010-XT, LP 
Output Low Voltage 
1/0 Ports VOL 0.6 v IOL = 8.7 mA, Voo = 4.SV 
OSC2/CLKOUT VOL 0.6 v IOL = 1.6 mA, Voo = 4.5V 
(MTA81010-RC) 
Output High Voltage 
1/0 Ports (Note 4) VOH Voo-0.7 v IOH = -5.4 mA, Voo = 4.SV 
OSC2/CLKOUT VOH Voo-0.7 v IOH = -1.0 mA, Voo = 4.SV 
(MTA81010-RC) 

Note 1: Data in the column labeled "Typical" is based on characterization results at 25 • C. This data is for design guidance 
only and is not tested for, or guaranteed by Microchip Technology. 

Note 2 : Total power dissipation as stated under absolute maximum ratings must not be exceeded. 

Note 3 : The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels 
represent normal operating conditions. Higher leakage current may be measured at different input voltages. 

Note 4 : Negative current is defined as coming out of the pin. 

Note 5: ForMTA81010RC devices, the OSC1 pin is a Schmitt trigger input. It is not recommended that the MTA81010 
be driven with external clock in RC mode. 

Note 6: The user may use better of the two specifications. 
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15.6 MICROCONTROLLER AC CHARACTERISTICS: MTA81010-RC, XT, LP (COMMERCIAL) 
MTA810101·RC, XT, LP (INDUSTRIAL) 

AC CHARACTERISTICS Standard Operating Conditions (unless otherwise stated) 
Operating temperature TA= -4o·c to +ss·c (industriaQ, 
and o·c:,; TA:,; +1o·c (commercial) 
Operating voltage Voo range as described in DC specification 
Tables 16.3 and 16.4 

Characteristic Sym Min Typ Max Units Conditions 
(Note 1) 

External CLOCKIN fOSCRC DC 4 MHz RC mode 
Frequency (Note 2) Foscxr DC 4 MHz XTmode 

FOSCLP DC 40 KHz LP mode 
Oscillator Frequency FoscRc DC 4 MHz RC mode 
(Note 2) Foscxr 0.1 4 MHz XT mode 

fOSCLP DC 40 KHz LP mode 
Instruction Cycle Time TCYRC 1.0 4/FOSCRC DC µs RC mode 
(Note 2) Tcvxr 1.0 4/FOSCXT DC µs XTmode 

TCYLP 100 4/FOSCLP DC µs LP mode 
External Clock in Timing 
(Note 4) 
Clock in (OSC1) High or Low Time 
XT oscillator type TCKHLXT so· ns 
LP oscillator type TcKHLLP 2· µs 
Clock in (OSC1) Rise or Fall Time 
XT oscillator type TCKRFXT 25* ns 
LP oscillator type TCKRFLP so· ns 
RESET Timing 
MCLR Pulse Width (low) TMCL 100· ns 
RTCC Input Timing, No Prescaler 
RTCC High Pulse Width TRTH 0.5 Tcv+ 20• ns Note 3 
RTCC Low Pulse Width TRTL 0.5 Tcv+ 20· ns Note 3 
RTCC Input Timing, With Prescaler 
RTCC High Pulse Width TRTH 10· ns Note 3 
RTCC Low Pulse Width TRTL 10· ns Note 3 
RTCC Period TRTP Tcv + 40* ns Note 3. Where N = prescale --N value (2,4, ... , 256) 
Watchdog Timer Timeout Period 
(No Prescaler) TWDT g• 1 a· 30* ms Voo = S.OV 
Oscillation Start-up Timer Period TOST g• 18* 30* ms Voo = S.OV 
l/OTiming 
110 Pin Input Valid Before 
CLKOUT;e (RC Mode) Tos 0.25 Tcv+ 30* ns 
110 Pin Input Hold After 
CLKOUT;e (RC Mode) TOH o· ns 
1/0 Pin Output Valid After 
CLKOUT0 (RC Mode) TPD 40* ns 

• Guaranteed by characterization, but not tested. (Notes on next page) 
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NOTES TO AC CHARACTERISTICS: 
MTA81010-RC, XT, LP (COMMERCIAL) 
MTA810101-RC, XT, LP (INDUSTRIAL) 

1. Data in the column labeled 'Typical' is based on charac
terization results at 25'C. This data is for design guid
ance only and is not tested for, or guaranteed by Micro
chip Technology. 

2. Instruction cycle period (Tcy) equals four times the 
input oscillator time base period. 
All specified values are based on characterization data 
for that particular oscillator type under standard operat
ing conditions with the device executing code. Exceed-

MTA81010 

ing these specified limits may result in an unstable 
oscillator operation and/or higher than expected current 
consumption. All devices are tested to operate at 'mini
mum' values with an external clock applied to the OSC1 
pin. 
When an external clock input is used, the "Maximum• 
cycle time limit is ·oc· (no clock) for all devices. 

3. For a detailed explanation of RTCC input clock require
ments see Section 3.2.1. 

4. Clock-in high-time is the duration for which clock input 
is at V1Hosc or higher. 

Clock-in low-time is the duration for which clock input is 
at V1Losc or lower. 

15.7 ELECTRICAL STRUCTURE 
OF PINS 

16.0 MICROCONTROLLER TIMING DIAGRAMS 

FIGURE 15.7.1 - ELECTRICAL FIGURE 16.0.1 - RTCC TIMING 
STRUCTURE OF 1/0 PINS 
(RA, RB, RC) 

Voo 

vss 

FIGURE 15.7.2 - ELECTRICAL 
STRUCTURE OF MCLR 
AND RTCC PINS 

Vss vss 

l-TATH 

RTCC 

' ___, 
' ' 

:..--TATL --: 

l : 
-o.9VDD 

' ' '"-------" -t-- o.1sVoo 

~--- TRTP -------.' 

FIGURE 16.0.2-0SCILLATOR START-UP TIMING 
(MTA8101 ORC) 

MCLR ~---------
:-- Toy ---, -- Tcy ---: 

Toot T1 ·-' T1 I 

~ : 

CLKOUT ----

' ' ' 
DEVICE -- RESET ____: FETCH 1. INSTRUCTION : FETCH 2. INSTRUCTION }- ___ _ 

FUNCTION ; EXECUTE "FORCED• NOP ; EXECUTE 1. INSTRUCTION ; 

Notes to Figures 15.7.1 and 15.7.2: The diodes and the grounded gate (or output driver) NMOS device are carefully designed to protect 
against ESD (Electrostatic discharge) and EDS (Electrical overstress). Rin is a small resistance to further protectthe input buffer from 
ESD. 
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FIGURE 16.0.3 • INPUT/OUTPUT TIMING FOR 1/0 PORTS (MTA8101 ORC*) 

T1 ----: 
OSC2/ ' ' 

CLKOUT 1, 1---------< 
~. ----:~--r-~------!;r~ ~. ---

INPUT 0/'ff~ffeA VALID bffffe///ff &ff),$/ff /k 
~ I I l__a. 

!rpc1: 'Tpd' 

OUTPUT ( ~ ~ 
H~H·Z ~---------------------'~ 

•The CLKOUT outp<i ia available only on PIC16C54ARC devices. 

17.0 MICROCONTROLLER DC & AC 
CHARACTERISTICS GRAPHS/ 
TABLES: 

The graphs and tables provided in this section are for 
design guidance and are not tested or guaranteed. In 
some graphs or tables the data presented are outside 
specified operating range (e.g. outside specified Voe 
range). This is for information only and devices are 
guaranteed to operate properly only within the speci
fied range. 

The data presented in this section is a statistical 
summary of data collected on units from different lots 
over a period of time. 'Typical' represents the mean 
of the distribution while 'maximum' or 'minimum' rep
resents (mean + 3a) and (mean - 3a) respectively 
where a is standard deviation. 

FIGURE 17.0.2.-TYPICAL RC OSCILLATOR 
FREQUENCY vs Voo 

. R=3.3k -

3.5 

V'! R=5k 

~ 3.0 

~ 

~ 
2.5 

2.0 

R-10k 
1.6 

1.0 >---+---+---+--+--....._-+---< 

o.5 >---+-cex1_J_+=-20_p-+_i_r_=_f1-·-c-+-+---1 

R=100k 

I 
2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 

. Voo(Valts) 
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FIGURE 17.0.1 ·TYPICAL RC OSCILLATOR 
FREQUENCY vs TEMPERATURE 

Foso 
Fosc (25"C) 

FREQUENCY NORMALIZED TO +25"C 

1.10 f---t----t---- Reod>10KCI -1----1 
Ceod• 100pF 

1.()8 f---t----1----.---...--+----1 
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1.02 r= .... •...,,.-t---1--1--t--l 
1.00 f--l---'"""'fo.c~-1--t--t--l 

0.98 r=:=t===t===~~--- Vto=S.5V 0.98 f-
ll.94 f--1----1----f--j....: 
0.92 t----<r----+---+---+ 

0.90 f---t----t----1---1---+----1 

10 

FIGURE 17.0.3 ·TYPICAL RC 
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FIGURE 17.0.4-TYPICAL RC OSCILLATOR 
FREQUENCY VS Voo 
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R=100k 
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FIGURE 17.0.5 -TYPICAL IPD vs Voo 
WATCHDOG DISABLED 25°C 

< 
2.. .,, 
£!. 

3.5 

3 

2.5 

2 

1.5 

3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 
Voo(Volts) 

MTA81010 

TABLE 17.0.1 ·RC OSCILLATOR 
FREQUENCIES 

Cext Rext Average 

Fosc @ SV, 25'C 

20pf 3.3k 4.71 MHz ±28% 
5k 3.31 MHz ±25% 

10k 1.91 MHz ±24% 
100k 207.76 KHz ±39% 

100pf 3.3k 1.65 MHz ±18% 
5k 1.23 MHz ±21% 

10k 711.54 KHz ±18% 
100k 75.62 KHz ±28% 

300pf 3.3k 672.78 KHz ±14% 
5k 489.49 KHz ±13% 

10k 275.73 KHz ±13% 
100k 28.12 KHz ±23% 

The percentage variation indicated here is part to part 
variation due to normal process distribution. The 
variation indicated is ±3 standard deviation from 
average value for full Voo range. 

FIGURE 17.0.6 -TYPICAL IPD vs Voo 
WATCHDOG ENABLED 25°C 

2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 
Voo(Volts) 

Note: The gray shaded regions are outside the normal PIC16C54 operating range. Do not operate in these regions. 
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FIGURE 17.0.7- MAXIMUM IPD vs Voo 
WATCHDOG DISABLED 

100 

85 

10 

3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 
Voo(Volts) 

FIGURE 17.0.8 ·MAXIMUM IPD vs Voo 
WATCHDOG ENABLED* 

< 
2. 301---t--t---+--+-_,.~.....,,..-+-
:g. 

o~~-~~-~~-~~-

2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 
Voo(Volts) 

• IPD, with watchdog timer enabled, has. two components: The leakage current which increases with higher temperature and the 
operating current of the watchdog timer logic which increases with lower temperature. At -40'C, the latter dominates explaining the 
apparently anomalous behavior. 

Note: The gray shaded regions are outside the normal PIC16C54 operating range. Do not operate in these regions. 

FIGURE 17 .0.9 - VTH (INPUT THRESHOLD VOLTAGE) OF VO PINS vs Voo 

Vni (Input threshold voltage) of 1/0 pins 
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FIGURE 17.0.10 - VIH, VIL OF MCLR, RTCC AND OSC1 (IN RC MODE) vs Voe 
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MTA81010 

2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 
Voo (volts) 

Note: These input pins have Schmitt trigger input buffer. 

FIGURE 17.0.11 -VTH (INPUT THRESHOLD VOLTAGE) OF OSC1 INPUT (IN XT AND LP 
MODES) vs Voe 
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FIGURE 17.0.12 -TYPICAL loo vs FREQ (EXT CLOCK, 25°C) 

10K 100K 1M 10M 100M 

External Clock freq (Hz) 

FIGURE 17 .0.13 - MAXIMUM loo vs FREQ (EXT CLOCK, -40° TO +85°C) 

O.o1 
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External Clock freq (Hz) 
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FIGURE 17.0.14 - MAXIMUM loo vs FREQ (EXT CLOCK, -55° TO +125°C) 
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FIGURE 17.0.15-WDTTIMER TIME-OUT 
PERIOD vs Voo 
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FIGURE 17.0.16 -TRANSCONDUCTANCE 
(gm) OF LP OSCILLATOR vs Voo 
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Note: The gray shaded regions are outside the normal PIC16C54 operating range. Do not operate in these regions. 
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FIGURE 17.0.17 ·TRANSCONDUCTANCE 
(gm) OF XT OSCILLATOR vsVoo 
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FIGURE 17 .0.18 • IOH VS VOH, VDD = 3V 
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Note: The· gray shaded regions are outside the normal PIC16C54 operating range. Do not operate In these regions. 

FIGURE 17.0.19 • IOH vs VoH, VDD = SV 

0 

·10 

l-20 

~ 

22.5 3 3.5 4 4.5 5 
VOH (Volts) 

DS39005C • page 38 

4-158 

FIGURE 17.0.20 • IOL VS VOL, VDD = 3V 
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FIGURE 17.0.21 - IOL vs VOL, Voo = 5V 
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Note: The gray shaded regions are outside the normal 
PIC16C54 operating range. Do not operate in these 
regions. 
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TABLE 17.0.2 - INPUT CAPACITANCE 
FOR MTA81010 * 

Typical Capacitance (pF) 
Pin Name 

28LPDIP 
(600 mil) 28LSOIC 

RA port 5.2 4.8 
RB port 5.6 4.7 
MCLR 17.0 17.0 
OSC1 6.6 3.5 
OSC2/CLKOUT 4.6 3.5 
RTCC 4.5 3.5 

• All capacitance values are typical at 25"C and mea
sured at 1 MHz. A part to part variation 01±25% (three 
standard deviations) should be taken into account. 
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18.0 SERIAL EEPROM SECTION 
The Microchip Technology Inc. MTA81010containsa 
24LC01B 1K bit Electrically Erasable PROM. The 
SEEPROM is organized as a single block of 128 x 8 
bit memory with a two-wire serial interface. Low 
voltage design permits operation down to 2.5 volts 
with a standby and active currents of only 5 µA and 1 
mA respectively. The 24LC01 B has page-write capa
bility for up to 8 bytes of data. 

TABLE 18.1.1 • SEEPROM PIN FUNCTION 

Name Function 

Vss Ground 

SDA Serial Address/Data 1/0 

SCL Serial Clock 

WP Write Protect Input 

SEEVoo +2.5V to 5.5V Power Supply 

NC No Connection 

FIGURE 18.1.1 -SERIAL EEPROM BLOCK DIAGRAM 

_____ __,...,. HV GENERATOR 

l/O 
CONTROL 

LOGIC 

SDA SCL 

SEEVDD 0-
Vss 0--

MEMORY 
CONTROL 

LOGIC 

19.0 SERIAL EEPROM FUNCTIONAL 
DESCRIPTION 

The 24LC01 B supports a bidirectional two wire bus 
and data transmission protocol. A device that sends 
data onto the bus is defined as transmitter, and a 
device receiving data as receiver. The bus has to be 
controlled by a master device which generates the 
serial clock (SCL), controls the bus access, and 
generates the START and STOP conditions, while 
the 24LC01 B works as slave. The internal 24LC01 B 
in the MTA81010 is hardwire configured with a device 
address of 0. Both, master and slave can operate as 
transmitter or receiver but the master device deter
mines which mode is activated. 

20.0 BUS CHARACTERISTICS 
The following bus protocol has been defined: 

- Data transfer may be initiated only when the bus is not 
busy. 

- During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 
a START or STOP condition. 

DS39005C • page 40 

XDEC 

EEPROM ARRAY 
(128 x 8) 

4-160 

PAGE LATCHES 

YDEC 

SENSE AMP 
RN/CONTROL 

Accordingly, the following bus conditions have been 
defined (see Figure 20.1.1 ): 

Bus not Busy (A) 

Both data and clock lines remain HIGH. 

Start Data Transfer (Bl 

A HIGH to LOW transition of the SDA line while the clock 
(SCL) is HIGH determines a START condition. All 
commands must be preceded by a START condition. 

Stop Data Transfer (C) 

ALOWtoHIGHtransitionoftheSDAlinewhiletheclock 
(SCL) is HIGH detennines a STOP condition. All opera
tions must be ended with a STOP condition. 

Data Valid (D) 

The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 

The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 
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Each data transfer is initiated with a ST ART condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the ST ART and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last eight 
will be stored when doing a write operation. When an 
overwrite does occur it will replace data in a first in first 
out fashion. 

Acknowledge 

Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
·pulse which is associated with this acknowledge bit. 

Note: The 24LC01B does not generate any acknowl-
edge bits if an internal programming cycle is in 
progress. 

The device that acknowledges has to pull down the SDA 
line during the acknowledge clock pulse in such a way 
thatthe SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. A 
master must signal an end of data to the slave by not 
generating an acknowledge bit on the last byte that has 
been clocked out of the slave. In this case, the slave 
must leave the data line HIGH to enable the master to 
generate the STOP condition. 

Slave Address 

The chip address of the internal 24LC01 B in the 
MTA81010 is hardwire configured with a device ad
dress of XXX. 

After generating a START condition, the bus master 
transmits the slave address consisting of a 4-bit 
control code (1010) for the 24LC01B, followed by 
three don't care bits. 

MTA81010 

The eighth bit of slave address determines if the 
master device wants to read or write to the 24LC01 B. 
(See Figure 20.1.2). 

The 24LC01 B monitors the bus for its corresponding 
control code all the time. It generates an acknowl
edge bit if the control code was true and it is not in a 
programming mode. 

External devices (e.g. Serial EEPROMs) with the 
same control code as the internal 24LC01 B must not 
be connected to the same serial bus or a conflict will 
occur. Devices with different control codes may be 
connected to the serial bus without risk of conflict. 

Operation Control Code Chip Select 

Read 1010 xxx 
Write 1010 xxx 

FIGURE 20.1.2 - CONTROL BYTE 
ALLOCATION 

START READ/WRITE 

/ 
""" I I 

: s:LAV~ ADqREs:s : [Ami 
I \ 

I \ 
I \ 

I 1 I 0 0 x x x 
~, 

X =don~ care 

RiW 
1 

0 

A 

FIGURE 20.1.1 - DATA TRANSFER SEQUENCE ON THE SERIAL BUS 
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Byte Write 

Following the start signal from the master, the device 
code (4 bits), the don't care bits (3 bits), and the Rilil bit 
which is a logic low is placed onto the bus by the master 
transmitter. Thi!! indicates to the addressed slave re
ceiver that a byte with a word address will follow after it 
has generated an acknowledge bit during the ninth clock 
cycle. Therefore the next byte transmitted by the master 
is the word address and will be written into the address 
pointer of the 24LC01 B. After receiving another ac
knowledge signal from the 24LC01 B the master device 
will transmit the data word to be written into the ad
dressed memory location. The 24LC01 Backnowledges 
again and the master generates a stop condition. This 
initiates the internal write cycle, and during this time the 
24LC01 B will not generate acknowledge signals. (See 
Figure 20.1.3). 

FIGURE 20.1.3 ·BYTE WRITE 

s 
T 

BUS ACTIVITY: A 
MASTER R 

T 

SDALINE 

CONTROL 
BYTE 

Page Write 

The write control byte, word address and the first data 
byte are transmitted to the 24LC01 Bin the same way as 
in a byte write. But instead of generating a stop condition 
the master transmits up to eight data bytes to the 
24LC01 B which are temporarily stored in the on-chip 
page buffer and will be written into the memory after the 
master has transmitted a stop condition. Afte.r the 
receipt of each word, the three lower order address 
pointer bits are internally incremented by one. The 
higher order five bits of the word address remains 
constant. If the master should transmit more than eight 
words prior to generating the stop condition, the address 
counter will roll over andthe previously received data will 
be overwritten. As with the byte write operation, once 
the stop condition is received an internal write cycle will 
begin. (See Figure 20.1.4). 

WORD 
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T 
0 
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FIGURE 20.1.4- PAGE WRITE 

s 
T 

BUS ACTIVITY: A 
MASTER R 

CONTROL 
BYTE T-----

c c 
K K 

WORD ~ 
ADDRESS (n) DATA n DATA n + 1 DATA n + 7 O 

p 

I: I::::: 11::::::: 11::::::: I Cff::::: I Fl 
'' 

SDALINE 

BUS ACTIVllY: 

DS39005C - page 42 

A 
c 
K 

A 
c 
K 

4-162 

A 
c 
K 

A 
c 
K 

A 
c 
K 

© 1994 Microchip Technology Inc. 



FIGURE 20.1.5- CURRENT ADDRESS READ 

BUS ACTIVITY: 
MASTER 

SDA LINE 

BUS ACTIVITY: 

FIGURE 20.1.6 - RANDOM READ 

BUS ACTIVITY: 
MASTER 

SDA LINE 

BUS ACTIVITY: 

CONTROL 
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FIGURE 20.1.7- SEQUENTIAL READ 
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WRITE PROTECTION 

The 24LCO 1 B can be used as a serial ROM when the 
WP pin is connected to SEEVoo. Programming will be 
inhibited and the entire memory will be write-protected. 

READ OPERATION 

Read operations are initiated in the same way as write 
operations with the exception that the R/W bit of the 
slave address is set to one. There are three basic types 
of read operations: current address read, random read, 
and sequential read. 

Current Address Read 

The 24LC01 B contains an address counter that main
tains the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n, the 
next current address read operation would access data 
from address n + 1. Upon receipt of the slave address 
with R/W bit setto one, the 24LC01 B issues an acknowl
edge and transmits the eight bit data word. The master 
will not acknowledge the transfer but does generate a 
stop condition and the 24LC01 B discontinues transmis
sion (see Figure 20.1.5). 

Random Read 

Random read operations allow the master to access any 
memory location in a random manner. To perform this 
type of read operation, first the word address must be 
set. This is done by sending the word address to the 
24LC01 B as part of a write operation. After the word 
address is sent, the master generates a start condition 
following the acknowledge. This terminates the write 
operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but 
with the R/W bit set to a one. The 24LC01 B will then 
issue an acknowledge and transmits the eight bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24LC01 B dis
continues transmission (see Figure 20.1.6). 

Sequential Read 

Sequential reads are initiated in the same way as a 
random read except that after the 24LC01 B transmits 
the first data byte, the master issues an acknowledge as 
opposed to a stop condition in a random read. This 
directs the 24LC01 B to transmit the next sequentially 
addressed 8 bit word (see Figure 20.1.7). 

To provide sequential reads the 24LC01 B contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. 

DS39005C ·page 44 
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Noise Protection 

The 24LC01 B employs a Voo threshold detector circuit 
which disables the internal erase/write logic if the Voo is 
below 1.5 volts at nominal conditions. 

The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 

21.0 PIN DESCRIPTIONS 
SDA Serial Address/Data lnout/Outout 

This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. II is an open drain 
terminal. 

For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are reseived 
for indicating the START and STOP conditions. 

SCL Serial Clock 

This input is used to synchronize the data transfer from 
and to the device. 

This pin must be connected to either Vss or SEEVoo. 

lflied to Vss, normal memory operation is enabled (read/ 
write the entire memory 00-7F or 00-FF). 

If tied to SEEVoo, WRITE operations are inhibited. The 
entire memory will be write-protected. Read operations 
are not affected. 

This feature allows the user to use the 24LC01 B as a 
serial ROM when WP is enabled (tied to SEEVoo). 

22.0 SERIAL EEPROM ELECTRICAL 
CHARACTERISTICS 

Maximum Ratings* 

All inputs and outputs w.r.t. Vss ............ -0.3V to +6.25V 
Storage temperature ...................... -65'C to +150'C 
Ambient temp. with power applied .... -65'C to + 125'C 
Soldering temperature of leads (10 seconds). +300'C 
ESD protection on all pins ................................. ;?: 4 kV 

'Notice: Stresses above those listed under "Maxim um ratings" 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at those or any 
other conditions above those indicated in the operational list
ings of this specification is not implied. Exposure to maximum 
rating conditions for extended periods may affect device relia
bility. 

© 1994 Microchip Technology Inc. 
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22.1 SERIAL EEPROM DC CHARACTERISTICS 

DC CHARACTERISTICS VDD = +2.5V to +5.5V 
Commercial (C): Tamb = O"Cto+70"C 
Industrial (I) : Tamb = -40"C to +85'C 

Parameter Symbol Min Max Units Conditions 

WP, SCL and SDA pins: 
High level input voltage VIH .7VDD - v 
Low level input voltage VIL - .3 Voo v 
Hysteresis of Schmitt trigger inputs VHYS 0.05 VDD - v Note 1 

Low level output voltage VOL - .40 v IOL = 3.0 mA, VDD = 2.5V 

Input leakage current lu -10 10 µA VIN = .1V to VDD 

Output leakage current ILO -10 10 µA VOUT = .1V to VDD 

Internal capacitance CINT - 10 pF Vee= 5.0V (Note 1) 
(all inputs/outputs) Tamb = 25'C, FCLK = 1 MHz • Operating current IDDO - 3 mA VDD=5.5V 

SCL=400KHz 

Standby current IDDS - 30 µA VDD=3.0V 
SDA = SCL = VDD 

- 100 µA VDD=5.5V 
SDA = SCL = Voo 

Note 1: This parameter is periodically sampled and not 100% tested. 

FIGURE 22.1.1 - BUS TIMING START/STOP 

VHYS 

SCL---"" 
THO:STA 

Tsu:STA 

START STOP 
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22.2 SERIAL EEPROM AC CHARACTERISTICS 

AC CHARACTERISTICS STANDARD VDD = 4.5-5.SV 
MODE FAST MODE 

Parameter Symbol Min Max Min Max Units Remarks 

Clock frequency FCU< 0 100 0 400 kHz 

Clock high time THIGH 4000 - 600 - ns 

Clock low time Tlow 4700 - 1300 - ns 

SDA and SCL rise time TR - 1000 20+0.1 300 ns Note2 
CB 

SDA and SCL fall time TF - 300 20+0.1 300 ns Note2 
CB 

START condition hold time THD:STA 4000 - 600 - ns After this period the first 
clock pulse is generated 

START condition setup time TSU:STA 4700 - 600 - ns Only relevant for repeated 
START condition 

Data input hold time THD:DAT 0 - 0 - ns 

Data input setup time TSU:DAT 250 - 100 - ns 

STOP condition setup time TSU:STO 4000 - 600 - ns 

Output valid from clock TAA - 3500 - 900 ns Note 1 

Bus free time TBUF 4700 - 1300 - ns Time the bus must be free 
before a new transmission 
can start 

Output fall time from VIH TOF - 250 20+0.1 250 ns Note 2, Ce s 100 pF 
minimum to VIL maximum CB 

Input filter spike suppression 
(SDA and SCL pins) 

TSP NIA NIA 0 50 ns Notes 

Write cycle time TwR - 10 - 10 ms Byte or Page mode 

Endurance - 100,(XX) - 100,000 - E/W 
Cycles 

Note 1: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region (minimum 300 ns) 
of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 

Note 2: Not 100% tested. CB = total capacitance of one bus line in pF. 

Note 3: The combined TSP and VHYS specHications are due to new Schmitt trigger Inputs which provide Improved noise and spike 
suppression. This eliminates the need for a Tl specHlcation for standard operation. 

FIGURE 22.2.1 ·BUS TIMING DATA 
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23.0 PACKAGING DIAGRAMS AND DIMENSIONS 
See Section 11 of the Data Book. 

23.1 PACKAGE MARKING INFORMATION 

28LSOIC Example 

MMMMMMMMMMMMMMM 
xxxxxxxxxxxxxxxxxxx 

MTA81010-XT/SO 

O~AABB COE 

Legend: MM ... M 
xx ... x 
AA 
BB 
c 

D 
E 

Q~ 9051 CBK 

Microchip part number information 
Customer specific information* 
Year code (last 2 digits of calendar year) 
Week code (week of January 1 is week '01 ') 
Facility code of the plant at which wafer is manufactured. 
C =Chandler, Arizona, U.S.A. 
Mask revision number 
Assembly code of the plant or country of origin in which 
part was assembled. 

Note: In the event the full Microchip part number can not be marked on one 
line, it will be carried over to the next line thus limiting the number 
of available characters for customer specific information. 

*Standard OTP marking consists of Microchip part number, year code, week code, 
facillty code, mask rev#, and assembly code. For OTP marking beyond this, 
certain price adders apply. Please check with your Microchip Sales Office. For 
OTP devices, any special marking adders are incuded in OTP price. 

C> 1994 Microchip Technology Inc. 
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PACKAGE MARKING INFORMATION (CONT.) 

28L PDIP (.600 mil) Example 

MMMMMMMMMMMMMMM 
MMMMMMXXXXXXXXX 0 xxxxxxxxxxxxxxx 0 
~AABB CDE 
·~Mloroohlp 

MTA81010-o XTI/P126 

0 
~ 9042 CDA 
·~ Mloroohlp 

Legend: MM ... M Microchip part number information 
XX ... X Customer specific information* 
AA Year code (last 2 digits of calendar year) 
BB Week code (week of January 1 is week '01') 
C Facility code of the plant at which wafer is manufactured. 

C =Chandler, Arizona, U.S.A. 
D Mask revision number 
E Assembly code of the plant or country of origin in which 

part was assembled. 

Note: In the event the full Microchip part number can not be marked on one 
line, it will be carried over to the next line thus limiting the number 
of available characters for customer specific information. 

0 

• Standard OTP marking consists of Microchip part number, year code, week code, 
facility code, mask rev #, and assembly code. For OTP marking beyond this, 
certain price adders apply. Please check with your Microchip Sales Office. For 
OTP devices, any special marking adders are included in OTP price. 
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PIC16C54 AC characteristics (XT,RC,LP) 
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Chip .................................................................... 4 
VO Pin .............................................................. 12 
Power On Reset ............................................... 24 
RTCC (Simplified) .............................................. 6 
RTCC & WOT .................................................. 15 
SEEPROM ....................................................... 40 

Brown-out protection circuit ..................................... 23 
Code protection ....................................................... 25 
Configuration fuses ................................................. 25 
Data memory map ..................................................... 7 
PIC16C54 DC characteristics (XT,RC,LP) 
COM ................................................................... 27,29 
PIC16C54 DC characteristics (XT,RC,LP) 
IND .................................................................... 28,29 
SEEPROM DC characteristics ................................ 45 
External power on reset circuit ................................ 23 
Features overview ..................................................... 1 
File register descriptions 

fO ........................................................................ 6 
f1 ........................................................................ 6 
f2 ........................................................................ 8 
f3 ...................................................................... 10 
f4 ...................................................................... 11 

l/Oports ............................................................. 11,12 
ID locations ............................................................. 25 
Indirect addressing .................................................... 6 
Instruction set .......................................................... 16 
OPTION register ..................................................... 13 
Oscillator ....................................................... 21,22,23 
Oscillator Start-up Timer ......................................... 23 
OTP devices .............................................................. 3 
Program memory ...................................................... 9 
PD bit ...................................................................... 11 
Pin-out information ..................................... 1,26,40,44 
Power Down mode (SLEEP) ................................... 25 
Power On Reset ............................................ 23,24,25 
Prescaler (RTCC/WDl) ..................................... 14, 15 
Program Counter ....................................................... 8 
Program memory map .............................................. 9 
OTP devices .............................................................. 3 
Real Time Clock/Counter (RTCC) ................ 8,9, 14, 15 
RESET .................................................................... 13 
SLEEP ..................................................................... 25 
Stack ......................................................................... 9 
Status register ......................................................... 1 o 
Timing diagrams 

VO pin ......................................................... 12,33 
Oscillator Start-up timing .................................. 31 
Power On Reset ..................................... 23,24,25 
RTCC timing .............................................. 8,9,31 
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TObit ...................................................................... 11 
TRIS registers ......................................................... 13 
Typical characteristics graphs 

loo vs freq ........................................................ 36 
IOH VS VOH ....................................................................... 38 
IOL VS VOL ......................................................................... 38 
IPo vs Voo ................................................................. 33,34 
RC osc freq vs temp ........................................ 32 
RC osc freq vs Voo ............................................... 32,33 
VIH, VIL of MCLR. RTCC and OSC1 vs Voo .... 35 
VTH of VO Pins vs Voo ................................................ 34 
VTH of OSC1 Input vs Voo ........................................ 35 
Transconductance of LP Oscillator vs Voo ....... 38 
Transconductance of XT Oscillator vs Voo ....... 38 
WOT Timer Time-out Period vs Voo ..................... 37 

W register ................................................................ 13 
WDT ........................................................................ 21 

Trademarks: 

IBM PC is a trademark of IBM Corporation. 

MS DOS and Microsoft Windows are registered trademarks 
of Microsoft Corporation. 
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SALES AND SUPPORT 

To order or to obtain infonnation, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 

PART NO. - XX X /XX XXX 
-r- q-' 3-Digit Pattern Code for OTP (blank for OTP) 

Package: p = PDIP 
so = 300 mil SOIC (Gull Wing Lead) 

J Temperature - = o·c to +70"C (T for tape/reel) 
1 Range: I = -40"C to +85"C (S fortape/reel) 

J Oscillator Fe 
XT 

Examples: l Type: 
LP a) MTA81010-XT/PXXX = "XT" oscillator, commercial 

temp., PDIP, OTP pattern 
b) MTA81010 • XTl/SO = "XT'' oscillator, industrial 

"i Device: MTA81010 temp., SOIC (OTP device) 
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MICROCHIP MTA85XXX 
PICSEE™ 20-Pin MCU with Serial EEPROM Multi-Chip Module 

FEATURES 

• Multi-chip module 

• PIC16C54A or PIC16C58A Microcontrollers with 
24LC01 B or 24LC02B Serial EEPROMs (SEEs) in a 
single package 

• Wide operating voltage range: Voo = 3.0V to 6.25V 

• Microcontroller control of SEE power for low standby 
current: MTA85X1X series 

High Performance RISC-like CPU 

• Only 33 single-word instructions to learn 

• All instructions are single-cycle except for program 
branches, which are two 

• Operating speed: DC - 20 MHz clock 
DC - 200 ns cycle 

• 12-bit wide instructions 

• 8-bit wide data path 

• 512 or 2048 x 12 on-chip EPROM program memory 

• 25 or 72 x 8 general purpose registers (SAAM) 

• 7 special function hardware registers 

• 2 level deep hardware stack 

• Direct, Indirect, and relative addressing modes for 
data and instructions 

Peripheral Features 

• 12 VO pins with individual direction control (RB7 
dedicated for SEE Voo in MTA85X1X devices) 

• 8-bit real time clock/counter (RTCC) with 8-bit pro-
grammable prescaler 

• Power on reset 

• Oscillator start-up timer 

• Watchdog timer (WOT) with its own on-chip RC oscil-
lator for reliable operation 

• Security EPROM bit for code-protection 

• Power saving SLEEP mode 

• EPROM selectable oscillator options: 

- Low cost RC oscillator: RC 

- Standard crystal/resonator: XT 

- High speed crystal/resonator. HS 

- Power saving low speed crystal: LP 

PICSEE and PRO MATE are trademarks of Microchip Technology Inc. 

FIGURE A - PIN CONFIGURATIONS 

SSOP 

SDA Yoo 
SCL RB7 

OSC2 RB6 
OSC1 RBS 

RAO RB4 
RA1 RB3 
RA2 RB2 
RA3 RB1 

RTCC RBO 
NMCLR Vss 

SDA PVoo 
SCL SVoo/RB7 

OSC2 RB6 
OSC1 RBS 

RAO RB4 

RA1 RB3 
RA2 RB2 
RA3 RB1 

RTCC RBO 
NMCLR Vss 

Serial EEPROM Features 

• 1Kor2K of EEPROM memory, organized as one block 
{128 x 8) or (256 x 8) 

• Two-wire serial interface bus 

• 100 KHz and 400 KHz compatibility 

• Self-timed write cycle (including auto-erase) 

• Page-write buffer for up to 8 bytes 

• 2ms typical cycle times for page-write 

• 1,000,000 ERASE/WRITE cycles typical 

• Data retention > 40 years 

CMOS Technology 

• Low-power, high-speed CMOS EPROM and EE PROM 
technologies, in a single package 

• Fully static Microcontroller 

• Low power consumption: 

- < 3.5 mA typical, @ 5V, 4 MHz, EEPROM write 

- < 2.5 mA typical, @ 5V, 4 MHz, EEPROM read 

< 7 µA typical standby current @ 3V, MTA85XOX 
series 

- < 3 µA typical standby current@ 3V, MTA85X1X 
series (WOT disabled, o·c to 70°C) 

@ 1994 Microchip Technology Inc. [l'.'>fl'®~alJ\lilalril&llli'W 
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1.0 GENERAL DESCRIPTION 

The MTA85XXX devices from Microchip Technology 
Inc. are a family of multi-chip products which offer a 
unique combination of EPROM-based Microcontrollers 
and Serial EEPROM data memory in a single package. 
The MTA85XXX line features the PIC16C5XA family of 
Microcontrollers combined with Microchip's 24LCOXB 
family of Serial EEPROMs. 

Two unique pinouts are available in this family of de
vices, regardless of which combination of component 
chips are used. The first pinout (MTABSXOX series) 
features shared power and ground pins for the 
Microcontroller and SEE. All other Microcontroller and 
SEE pins are electrically independent. The second 
available pinout (MTA85X1 X series) features 
Microcontroller control of the SEE Voo. This allows the 
SEE to be powered down when going into a standby 
mode. This is often desirable in power conscious 
applications to reduce current when the SEE is not being 
accessed. In this configuration the Microcontroller pin 
RB7 is used to supply power to the SEE. It is the user's 
responsibility to ensure that RB7 is driving a '1' while the 
SEE is being used. 

The Microcontroller and Serial EEPROM portions of 
these multi-chip devices are equivalent to their respec
tive individual components chips, except for the electri
cal specifications on shared pins. Please refer to the 
datasheets of the component die for information on each 
device's architecture, functionality, and other important 
user information. 

1.1 APPLICATIONS 

The MTABSXXX family is ideally suited to a wide variety 
of applications including, but not limited to: keyless 
entry, remote control, smart cards and automotive con
trollers. The EPROM program memory makes 
customization of application programs fast and conve
nient. The EEPROM data memory is ideal for storing 
configuration information, access codes, serial num
bers, and adaptive look-up tables. The small footprint 

TABLE 1.2.1 -FAMILY OVERVIEW 

Part Number Microcontroller SEE 

MTA85401 PIC16C54A 24LC01B 

MTA85402 PIC16C54A 24LC02B 

MTA85411 PIC16C54A 24LC01B 

MTA85412 PIC16C54A 24LC02B 

MTA85801 PIC16C58A 24LC01B 

MTA85802 PIC16C58A 24LC02B 

MTA85811 PIC16C58A 24LC01B 

MTA85812 PIC16C58A 24LC02B 

Note 1: RB7 dedicated to SEE Voo 

package makes the MTA85XXX devices perfect for 
applications with physical space limitations. This small 
size coupled with the low-cost, low-power, wide voltage 
range, and high performance of this flexible family of 
devices makes the MTA85XXX the microcontroller of 
choice for a wide variety of applications which utilize 
EEPROM memory. 

1.2 MTA85XXX SERIES OVERVIEW 

A variety of EPROM sizes, EEPROM sizes and fre
quency ranges are available. Depending on the applica
tion and production requirements, the proper device 
option can be selected using the information in Table 
1.2.1 below. When placing orders, please use the 
"MTA85XXX Product Identification System" on the back 
page of this data sheet to specify the correct part. 

1.2.1 ONE-TIME-PROGRAMMABLE IOTP> DEVICES 

The availability of OTP devices is especially useful for 
customers expecting frequent code changes and up
dates. 

With OTP devices the program EPROM is erased, 
allowing the user to write the application code into it. 
Additionally the watchdog timer can be disabled, and/or 
the code protection logic can be activated by program
ming special EPROM fuses. Sixteen non-dedicated 
EPROM bits are available for the customer ID or other 
customer information and are also user programmable. 

1.2.2 QUICK-TURN-PRODUCTION (QTPl DEVICES 

Microchip offers a OTP Programming Service for factory 
production orders. This service is made available for 
volume users with stable code, who choose not to 
program the devices themselves. A OTP device is 
identical to an OTP device, except that the program 
memory and special EPROM fuses are programmed at 
the factory, with the customer's code. Certain code and 
prototype verification procedures do apply before pro
duction shipments are available. Please contact your 
Microchip Technology Inc. sales office for more details. 

PGM EPROM EE PROM RAM VO 

512 x 12 128X8 32X8 12 

512 x 12 256X8 32X8 12 

512 x 12 128X8 32X8 12 note 1 

512 x 12 256X8 32X8 12 note 1 

2048x12 128X8 79X8 12 

2048x12 256X8 79X8 12 

2048 x 12 128X8 79X8 12 note 1 

2048x12 256X8 79X8 12 note 1 

DS40115A-page 2 ~ll'®~nllililoli'iltrull'W 
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2.0 DEVELOPMENT SUPPORT 

2.1 Development Tools 

The PIC16C5X and PIC16CXX microcontrollers are 
supported with a full range of hardware and software 
development tools: 

• PICMASTER™ Real-Time In-Circuit Emulator 

• PRO MATE™ Universal Programmer 

• PICSTART™ Low-Cost Prototype Programmer 

• Assembler 

• Software Simulator 

2.2 PICMASTER™: High Performance 
Universal In-Circuit Emulator 

The PICMASTER Universal In-Circuit Emulator is in
tended to provide the product development engineer 
with a complete microcontroller design tool set for all 
devices utilizing microcontrollers in the PIC16C5X, 
PIC16CXX and PIC17CXX families. 

Interchangeable target probes allow the system to be 
easily reconfigured for emulation of different proces
sors. The universal architecture of the PICMASTER 
allows expansion to support all new products based on 
PIC16C5X, PIC16CXXand PIC17CXXmicrocontrollers. 

SSOP to DIP socket adaptors for the MTA85XXX prod
ucts allow the user to operate the application with a 
surface mount device, after the emulation has been 
completed. 

The Emulator System is designed to operate on low-cost 
PC compatible machines ranging from 80286-AT class 
ISA-bus systems through the new 80486 EISA-bus 
machines. The development software runs in the 
Microsoft Windows™ 3.X environment, allowing the 
operator access to a wide range of supporting software 
and accessories. 

The PICMASTER has been designed as a real-time 
emulation system with advanced features generally 
found on more expensive development tools. The AT 
platform and Windows 3.X environment was chosen to 
best make these features available to the end user. 

MTA85XXX 

The PICMASTER Emulator Universal System consists 
primarily of four major components: 

• Host-Interface Card 

• Emulator Control Pod 

• Target-Specific Emulator Probe, with MTA85XXX 
interface board 

• PC Host Emulation Control Software 

The Windows 3.X System is a multitasking operating 
system which will allow the developer to take full advan
tage of the many powerful features and functions of the 
PICMASTER system. 

PICMASTER emulation can operate in one window, 
while a text editor is running in a second window. 
Dynamic Data Exchange (ODE). a feature of Windows 
3.X, will be available in this and future versions of the 
software. DOE allows data to be dynamically transferred 
between two or more Windows programs. With this 
feature, data collected with PICMASTER can be auto
matically transferred to a spreadsheet or database pro
gram for further analysis. 

Under Windows 3.X, two or more PICMASTER emula
tors can run simultaneously on the same PC making 
development of multi-microcontroller systems possible. 

2.3 PRO MATE™: Universal Programmer 

The PRO MATE Universal Programmer is a production 
quality programmer capable of operating in stand alone 
mode as well as PC-hosted mode. 

The PRO MATE has programmable VDD and VPP sup
plies which allows it to verify programmed memory at 
Voo minimum and Voo maximum for maximum reliabil
ity. It has an LCD display for displaying error messages, 
keys to enter commands and a modular detachable 
socket assembly to support various package types. In 
stand alone mode the PRO MA TE can read, verify or 
program products based on PIC16C5X, PIC16CXX and 
PIC17CXX devices. It can also set fuse configuration 
and code-protect in this mode. Its EEPROM memory 
holds data and parametric information even when pow
ered down. It is ideal for low to moderate volume 
production. 

FIGURE 2.1 -PICMASTER SYSTEM CONFIGURATION 

G D 

0 
0 
0 

0111llllllllllllllllll11'.il\ 
Common Interface Card 

PC Compatible Computer 
(AT/13A Bus) 
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PC-Interface 

00.250 VAC 

Ext+Sv 

Universal Emulation Pod 
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In PC-hosted mode, the PRO MATE connects to the PC 
via one of the COM (RS-232) ports. A PC based user
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and menu
based. Full screen display and editing of data, easy 
selection off use configuration and part type, easy selec
tion of Voo minimum, Voo maximum and VPP levels, 
load and store to and from disk files (intel hex format) are 
some of the features of the software. Essential com
mands such as read, verify, program, and blank check 
can be issued from the screen. Additionally, serial 
programming support is possible where each part is 
programmed with a different serial number, sequential 
or random. 

The PRO MATE has a modular "programming socket 
module". Different socket modules are required for 
different processor types and/or package types. 
PRO MATE supports all products based on PIC16C5X, 
PIC16CXX and PIC17CXX processors. 

MTA85XXX customers can use their existing PIC16C5X 
PRO MATE socket module with an adaptor socket, or 
use the PRO MA TE socket module designed specifically 
for the MTA85XXX products. 

2.4 PICSTART™ Programmer 

The PICSTARTprogrammer is an easy to use, very low
cost prototype programmer. It connects to the PC via 
one of the COM (RS-232) ports. A PC-based user 
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and menu
based. 

The same MTA85XXX adaptor socket which is available 
for use with the PRO MATE will allow the user to convert 
the MT A85XXX SSOP footprintto the DIP footprint used 
by PICSTART. This same socket will also allow the user 
to program the EEPROM portion of the MTA85XXX in a 
standard EEPROM programmer. 

2.5 Assembler 

The Assembler is a PC-hosted software development 
tool supporting the PIC16C5X and PIC16CXX series 
microcontrollers. It offers a full featured Macro and 
Conditional assembly capability. It can also generate 
various object code formats including several Hex for
mats to support Microchip's proprietary development 
tools as well as third party tools. Also supports Hex 
(default), Decimal and Octal Source and listing formats. 
An assembler users manual is available for detailed 
support. 

2.6 Software Simulator 

The Software Simulator allows code development in a 
PC host environment. It allows the user to simulate the 
PIC16C5X and PIC16CXX series microcontrollers on 
an instruction level. On any given instruction, the user 
may examine or modify any of the data areas or provide 
external stimulus to any of the pins. The input/output 
radix can be set by the user and the execution can be 
performed in single step, execute until break or in a trace 
mode. Two forms of symbolic debugging are available: 
an internal symbol table for disassembling opcodes and 
the displaying of source code from a listing file. The 
Software Simulator offers the low cost flexibility to de
velop and debug code outside of the laboratory environ
ment making itan excellent multi-project software devel
opment tool. 

2.7 Development Systems 

For convenience, the development tools are packaged 
into comprehensive systems as listed below: 

Item Name System Descri11tion 

1. PICMASTER PICMASTER In-Circuit Emulator with 
System your choice of Target Probe, 

PRO MATE Programmer, 
Assembler, Software Simulator and 
Samples. 

2. PICSTART PICSTART Low-Cost Prototype 
System Programmer, Assembler, Software 

Simulator and Samples 
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3.0 ELECTRICAL CHARACTERISTICS 

3.1 Absolute Maximum Ratings* 

Ambient temperature under bias ....... -55"C to + 125"C 

Storage Temperature ...................... - 65"C to +150"C 
Voltage on any pin with respect to Vss 
(except Voe and MCLR) ............... -0.SV to Voe +0.6V 
Voltage on Voe with respect to Vss ................ 0 to +7.5V 
Voltage on MCLR with respect to Vss 
(Note 2) ........................................................ Oto +14V 
Total power Dissipation (Note 1) .................... 800 mW 
Maximum Current out of Vss pin ..................... 150 mA 
Maximum Current into Voe pin ......................... 50 mA 
Maximum Current into an input pin ................ ±500 µA 
Maximum Output Current sinked by any 1/0 pin 25 mA 
Maximum Output Current sourced 
by any VO pin .................................................... 20 mA 
Maximum Output Current sourced by a single 
110 port (Port A or B) ......................................... 40 mA 
Maximum Output Current sinked by a single 
VO port (Port A or B) .......................................... 50mA 

3.2 Pin Descriptions 

Name Function 

RAO-RA3 VO PORTA 
RBO- RB7 VOPORTB 
SVoo/RB7 Shared Voo-110 pin 

RTCC Real Time Clock/Counter 

--
MCLR Master Clear 

OSC1 Oscillator (input) 

OSC2/CLKOUT Oscillator (output) 

SDA Serial EEPROM Data 
SCL Serial EEPROM Clock 
Voe Power supply 
vss Ground 

MTA85XXX 

*Notice: Stresses above those listed under"Maximum Ratings" 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at those or any 
other conditions above those Indicated In the operation listings 
of this specHication Is not Implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

Notes: 1. Totalpowerdissipation shouldnotexceed800 
mW for the package. Power dissipation is 
calculated as follows: 
Pdis= Voox{loo-I loh}+ I{(Voo-Voh)x loh} 
+ I(Vol x lol) 

2. Voltage spikes below Vss at the MCLR pin, 
inducing currents greater than 80mA, may 
cause latch-up. Thus, a series resistor of 50-
100'1 should be used when applying a "low' 
level to the MCLR pin rather than pulling this 
pin directly to Vss. 

Description 

4 input/output lines. 
8 input/output lines. 
Input/Output pin dedicated to EEPROM Voe. Noextemal 
connection needed. MTA85X1X only. 
Schmitt Trigger Input. 
Clock input to RTCC register. Must be tied to Vss or Voe if 
not in use to avoid unintended entering of test modes and 
to reduce current consumption. 
Schmitt Trigger Input. 
A "Low" voltage on this input generates a RESET condition 
for the microcontroller. 
A rising voltage triggers the on-chip osclllator start-up timer 
which keeps the chip in RESET mode for about 18ms. This 
input must be tied directly, or via a pull-up resistor, to Voe. 
•xr•, "HS" and "LP" devices: Input tenninal for crystal, 
ceramic resonator, or external clock generator. 
"RC" devices : Driver tenninal for external RC combination 
to establish oscillation. 
For "XT", "HS" and 'LP" devices: Output tenninal for crystal 
and ceramic resonator. Do not connect any other load to 
this output. Leave open if external clock generator is used. 
For "RC" devices : A "CLKOUT" signal with a frequency of 
1/4 Foac1 is put out on this pin. 
EEPROM data line. 
EEPROM clock line. 

C 1994 Microchip Technology Inc. lil>ll'®~Dllililnll'il®ll'W 
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3.3 DC Characteristics: 

DC CHARACTERISTICS, 
POWER SUPPLY PINS 

Characteristic 

Supply Voltage 

RAM Data Retention 
Voltage (Note 3) 
Voo start voltage to 
guarantee power on reset 
Voo rise rate to guarantee 

weron reset 
Supply Current (Note 2) 

MTASSXOX-04 
MTASSXOX-10 
MTASSXOX-20 

(COMMERCIAL, INDUSTRIAL) 
(COMMERCIAL, INDUSTRIAL) 
(COMMERCIAL, INDUSTRIAL) 

Standard Operating Conditions 

Sym 

Voo 

VOR 

VPOR 

svoo 

loo 

Operating temperature -40'C s TA S +125'C for 
-40'C $TA$ +85'C lo . 

o·c s TA s +1o·c 
Min Typ• Max Units 

3.0 6.25 

4.5 5.5 

1.5 

OR section in microcontroller 
datasheet for details on power on reset 

0.05· See POR section in microcontroller 
datasheet for details on power on reset 

XT and RC options 
mA Fosc = 4 MHz, Voo = 5.5V 

HS option 
mA Fosc = 10 MHz, VOO= 5.5V 

23 mA Fosc = 20 MHz, Voo = 5.5V 
LP option, Commercial 

60 µA Fosc = 32 KHz, Voo = 3.0V, WOT disabled 
LP option, Industrial 

30 70 A Fosc = 32 KHz, Voo = 3.0V, WOT disabled 

4 12 µA Voo= 3.0V, Commercial 
5 14 µA Voo = 3.0V. Industrial 
0.6 9 µA Voo = 3.0V, Commercial 

0.8 12 µA Voo= 3.0V, Industrial 

• These parameters are based on characterization and are not tested. 
Note 1: Data in the column labeled "Typical" is based on characterization results at 25'C. This data is for design 

guidance only and is not tested for, or guaranteed by Microchip Technology. 
Note 2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus 

loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on the 

current consumption. 
a) The test conditions for all loo measurements in active operation mode are: 
OSC1 =external square wave, from railto rail; all 1/0 pins tristated, pulled to Voo, RT= Voo, MCLR = Voo; WOT 

enabled/disabled as specified; EEPROM in write condition. 
b) For standby current measurements, the conditions are the same, except that the device is in SLEEP mode 

and SDA and SCL are tied to Vss. 
Note 3: This is the limit to which Voo can be lowered in SLEEP mode without losing RAM data. 
Note 4: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 

measured with the part in SLEEP mode, with all VO pins in hi-impedance state and tied to Voo and Vss; SDA 

and SCL tied to Vss. 
Note 5: Does not include current through Rext. The current through the resistor can be estimated by the formula 

Ir = Voo/2Rext (mA) with Rext in kOhm. 
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3.4 DC Characteristics: 

DC CHARACTERISTICS, 
POWER SUPPLY PINS 

Characteristic 

Supply Voltage 

RAM Data Retention 
Volta a Note 3 
Voo start voltage to 

MTA85XXX 

MTA85X1X-04 
MTA85X1X-10 
MTA85X1X-20 

(COMMERCIAL, INDUSTRIAL) 
(COMMERCIAL, INDUSTRIAL) 
(COMMERCIAL, INDUSTRIAL) 

Standard Operating Conditions 
Operating temperature -40'C :s; TA :s; +125'C for auto t e, 

·40'C :s; TA :s; +85"C for ind i I d 
o·c :s;TA:s;+1o·c for 

Sym Min Typ • Max Units 

Voo 3.0 6.25 v 
4.5 5.5 

VDR 1.5 

VPOR Vss 

svoo o.os• 

loo 

32 

19 40 

4 40 
5 14 
0.6 9 
0.8 12 

weron reset 
See POR section in microcontroller 
datasheet for details on power on reset 

XT and RC options 
Fosc = 4 MHz, Voo = 5.5V 
HS option 

mA Fosc = 4 MHz, Voo = 5.SV 
mA Fosc = 20 MHz, Voo = 5.5V 
µA LP option, Commercial 

µA 
µA 
µA 
µA 

Fosc = 32 KHz, Voo = 3.0V, WOT disabled 
LP option, Industrial 
Fosc = 32 KHz Voo = 3.0V WOT disabled 

Voo = 2.5V, Commercial 
Voo = 2.5V, Industrial 
Voo = 2.5V, Commercial 
Voo = 2.5V, Industrial 

* These parameters are based on characterization and are not tested. 
Note 1 : Data in the column labeled "Typical" is based on characterization results at 25'C. This data is for design 

guidance only and is not tested for, or guaranteed by Microchip Technology. 
Note 2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus 

loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on the 
current consumption. 
a) The test conditions for all loo measurements in active operation mode are: 
OSC1 =external square wave, from rail to rail; all VO pins tristated, pulled to Voo, except RB7 driving '1' for 
SEE Voo. RT= Voo, MCLR = Voo; WOT enabledfdisabled as specified; EEPROM in write condition. 
b) For standby current measurements, the conditions are the same, except that the device is in SLEEP mode 
and SDA and SCL are tied to Vss. 

Note 3: This is the limit to which Voo can be lowered in SLEEP mode without losing RAM data. 
Note 4: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 

measured with the part in SLEEP mode, with all VO pins in hi-impedance state and tied to Voo and Vss; SOA 
and SCI tied to Vss. 

Note 5: Does not include current through Rext. The current through the resistor can be estimated by the formula 
Ir= Voo/2Rext (mA) with Rext in kOhm. 
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3.5 DC Characteristi<;s: 

DC CHARACTERISTICS, 

MTA85XXX-04 (COMMERCIAL, INDUSTRIAL) 
MTA85XXX-10 (COMMERCIAL, INDUSTRIAL) 
MTA85XXX-20 (COMMERCIAL, INDUSTRIAL) 

Standard Operating Conditions 

ALL PINS EXCEPT POWER SUPPLY Operating temperature -40'C s TA s +85'C for industrial and 
o·c s TA s +70'C for commercial 

Characteristic Sym 

Input Low Voltage 
VO ports VIL 
MCLR (Schmitt trigger) 
RTCC (Schmitt trigger) 
OSC1 (Schmitt trigger) 
OSC1 
Input High Voltage 
VO ports VIH 

MCLR (Schmitt trigger) 
RTCC (Schmitt trigger) 
OSC1 (Schmitt trigger) 
OSC1 
Input Leakage Current 
(Note 4) 
VO ports Ill 

MCLR 
MCLR 
RTCC 
OSC1 
SDA,SCL 
Output Low Voltag 
VO Ports 
OSC2/CLKOU 
(RC option Y)(/ 
SDA 

(RC option only) 

VOH 

Min 

Vss 
Vss 
Vss 
Vss 
Vss 

0.45 VDD 
2.0 
0.36VDD 
0.85 VDD 
0.85 Voo 
0.85 Voo 

Voo-0.7 
VDD-0.7 

Typ 
(Note 1) 

Max 

0.2VDD 
0.15 Voo 
0.15 Voo 
0.15 Voo 

+5 
+3 
+3 
10 

0.6 
0.6 

0.4 

Units Conditions 

r all VDD (Note 6) 
4.0V < VDD s 5.5V (Note 6) 
VDD>5.5V 

RC option only (Note 5) 
XT, HS and LP options 
For VDD s; 5.5V 

µA Vss s VPIN s Voo, 
Pin at hi-impedance 

µA VPIN = Vss + 0.25V (Note 3) 
µA VPIN = Voo (Note 3) 
µA Vss s VPIN s Voo 
µA Vss s VPIN s Voo • 

A XT, HS and LP o ions 

V IOL=8.7mA, VDD=4.5V 
V IOL = 1.6 mA, VDD = 4.5V 

V IOL = 3.0 mA VDD = 3.0V 

v 
v 

IOH = -5.4 mA, Voo = 4.5V 
IOH = • 1.0 mA, VDD = 4.5V 

Note 1: Data in the column labeled "Typical" is based on characterization results at 25 • C. This data isfordesign guidance 
only and is not tested for, or guaranteed by Microchip Technology. 

Note 2: Total power dissipation as stated under absolute maximum ratings must not be exceeded. 
Note 3 : The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels 

represent normal operating conditions. Higher leakage current may be measured at different input voltages. 
Note 4 : Negative current is defined as coming out of the pin. 
Note 5 : In RC oscillator mode, the OSC1 pin is a Schmitt trigger input. II is not recommended that the microcontroller 

be driven with external clock in RC mode. 
Note 6: The user may use better of the two specifications. 
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3.6 AC Characteristics: MTASSXXX-04 (COMMERCIAL, INDUSTRIAL) 
MTA85XXX-10 (COMMERCIAL, INDUSTRIAL) 
MTA85XXX-20 (COMMERCIAL, INDUSTRIAL) 

AC CHARACTERISTICS Standard Operating Conditions 
Operating temperature -40"C s TA s +85"C for industrial and 

o·c s TA s +70"C for commercial 

Characteristic Sym Min Typ Max Units 

External CLOCKIN 
Frequency (Note 2) 

Oscillator Frequency 
(Note 2) 

Instruction Cycle Time 
(Note2) 

External Clock in Timing 
(Note4) 
Clock in (OSC1) High or Low Time 

Fosc 

Fosc 

Tcv 

DC 
DC 
DC 
DC 
DC 
0.1 
4 
DC 
1.0 
1.0 
0.2 
100 

XT oscillator type TcKHLXT 50* 
LP oscillator type TCKHLLP 2* 
HS oscillator type T CKHLHS 20. 
Clock in (OSC1) Rise or Fall Time 
XT oscillator type 
LP oscillator type 
HS oscillator type 
RESETTiming 
MCLR Pulse Width low 
RTCC Input TI ming, No Prescalar 
RTCC High Pulse Width 
RTCC Low Pulse Width 
RTCC Input TI ming, With P ca r 
RTCC High Pulse Width Q 
RTCC Low Pulse Wid 10* 
RTCC Period rev+ 4C * 

N 

Watchdog Timer 

(Nota 1) 

4/Fosc 

(No Prescaler) Twor g• 18* 
9* 18* 

l/OTiming 
1/0 Pin Input Valid Before 
CLKOUTt (RC Mode) Tos 0.25 Tcv+ 30* 
1/0 Pin Input Hold After 
CLKOUrt (RC Mode) TOH o· 
1/0 Pin Output Valid After 
CLKOUTJ. (RC Mode) TPD 

• Guaranteed by characterization, but not tested. 

@ 1994 Microchip Technology Inc. !ii>11'®Il011i1ilallil&i11'W 
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ns 

ns 
ns 
ns 

ns 

ns 
ns 

ns 
ns 
ns 

30* ms 
30* ms 

ns 

ns 

40* ns 

Conditions 

RC mode 

Note 3 
Note 3 

Note 3 
Note 3 
Note 3. Where N = prescale 
value (2,4, ... , 256) 

Voo=5.0V 
Voo = 5.0V 

(Cont. on next page) 
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3.6 AC Characteristics: MTA85XXX-04 (COMMERCIAL, INDUSTRIAL) 
MTA85XXX·10 (COMMERCIAL, INDUSTRIAL) 
MTA85XXX-20 (COMMERCIAL, INDUSTRIAL) 

AC CHARACTERISTICS Standard Operating Condttlons 
Operating temperature 40'C s TA s +ss·c for industrial and 

o·c s TA s + 70'C for commercial 

Characteristic Sym 

VO Timing (cont.) 
1/0 pin input valid before osct 
(1/0 setup time) T1oV2osH 
OSC1t to 1/0 pin input invalid TosH21oL 
(1/0 hold time) 
OSC1t to 1/0 pin output valid TosH21ov 
1/0 pin output rise time T1oR 
1/0 pin output fall time T1oF 
Capacitive Loading Specs on Output Pins 
OSC2 pin Cosc2 

All 1/0 pins CIO 

• Guaranteed by characterization, but not tested. 

Min 

TBD 
TBD 

Typ Max Units 
(Note 1) 

pF 

In XT, HS or LP modes when 
external clock is used to drive 
OSC1 
Excludes RB7 on MTA85X1X 
devices 

Note 1. Data in the column labeled "Ty · al · bas haracterization results at25'C. This data is for design guidance 
only and is not tested for, o nte icrochip Technology. 

Note 2. Instruction cycle period c o times the input oscillator time base period. 
All specified values are s o a cterization dataforthat particularoscillatortype under standard operating 
conditions with th ev1 ec ti code. Exceeding these specified limits may result in an unstable oscillator 
operation andf h~r ected current consumption. All devices are tested to operate at "minimum' 
values with em applied to the OSC1 pin. 
When ,~m · put is used, the 'Maximum" cycle time limit is "DC" (no clock) for all devices. 

Note 3. For a tai~ e Ian ion of RTCC input clock requirements see microcontroller datasheet Section 4.2.1. 
Note 4. Clock-in · h· e is the duration for which clock input is at VIHOSC or higher. 

Clock·in lo i is the duration for which clock input is at VILOSC or lower. 
Note 5. This HS specification is only for the ·20 device. The ·10 device has a maximum of 10 MHz and the -04 device 

has a maximum of 4 MHz. 
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FIGURE 3.6.1 • EEPROM BUS START/STOP TIMING 

SCL---J 
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FIGURE 3.6.2 • BUS TIMING DEFINITIONS 
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TABLE 3.6.2 ·AC CHARACTERISTICS OF EEPROM 

AC CHARACTERISTICS 
STANDARD Vee = 4.5-5.5V 

MODE FAST MODE 

Parameter Symbol Min Max Min Max Units Remarks 

Clock frequency FcLK 0 100 0 400 kHz 

Clock high time THIGH 4000 - 600 - ns 

Clock low time TLOW 4700 - 1300 - ns 

SDA and SCL rise time TR - 1000 UF 300 ns Note2 

SDA and SCL fall time TF - 300 UF 300 ns Note2 

START condition hold time THD:STA 4000 - 600 - ns After this period the first 
clock pulse is generated 

START condition setup time TSU:STA 4700 - 600 - ns Only relevant for repeated 
START condition 

Data input hold time THD:DAT 0 - 0 - ns Note 1 

Data input setup time TSU:DAT 250 - 100 - ns 

STOP condition setup time TSU:STO 4000 - 600 - ns 

Output valid from clock TAA - 3500 - 900 ns Note 1 

Bus free time TeUF 4700 - 1300 - ns Time the bus must be free 
before a new transmission 
can start 

Output fall time from VIH TOF - 250 20+0.1 250 ns Note 2, Ce~ 100 pF minimum to VIL maximum Ce 

Input filter spike suppression 
(SDA and SCL pins) 

TSP NIA NIA 0 50 ns Note3 

Write cycle time TwR - 10 - 10 ms Byte or Page mode 

Endurance - 100,(XX) - 100,000 - E/W 
Cycles 

Note 1: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region (minimum 300 ns) 
of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 

Note 2: Not 100% tested. CB= total capacitance of one bus line in pF. 
Note 3: The combined TSP and VHYS specifications are due to new Schmitt trigger Inputs which provide Improved noise spike 

suppression. This eliminates the need for a Tl specification for standard operation. 
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4.0 PACKAGE OUTLINES 
See Section 11 of the Data Book. 

5.0 PACKAGE MARKING INFORMATION 

20LSSOP Example 

xxxxxxxx 
xxxxxxxx 

Q~"l/.ABB CD1D2E 

MTA85401 
10/SS 
Q~ 9321 CAAP 

Legend: MM ... M 
xx ... x 
AA 
BB 
c 

Microchip part number information 
Customer specific information* 
Year code (last 2 digits of calendar year) 
Week code (week of January 1 is week '01 ') 
Facility code of the plant at which wafer is manufactured. 
C =Chandler, Arizona, U.S.A. 

D1 Mask revision number for microcontroller 
D2 Mask revision number for EE PROM 
E Assembly code of the plant or country of origin in which 

part was assembled. 

Note: In the event the full Microchip part number can not be marked on one 
line, it will be carried over to the next line thus limiting the number 
of available characters for customer specific information. 

*Standard OTP marking consists of Microchip part number, year code, week code, 
facility code, mask revision number, and assembly code. For OTP marking beyond 
this, certain price adders apply. Please check with your Microchip Sales Office. 
For OTP devices, any special marking adders are incuded in OTP price. 

© 1994 Microchip Technology Inc. ~ir@~allililDll'illillrW 
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MTA85XXX 

SALES AND SUPPORT 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. Refer to Table 1.2.1. 

PART NO. ·XX X /XX XXX 

~=· 
3-Digit Pattern Code for QTP (blank for OTP and Windowed Parts) 

SS 209 mil SSOP 

-----1 Temperature -
Range: I 

E 

O'C to + 70'C (T for tape/reel) 
-40'C to +85'C (S for tape/reel) 
-40'C to +125'C 

-------1 Frequency 04 4MHz 
10MHz 
20MHz 

Range: 10 
20 

--------- Device: MTA85401 : Refer to Table 1.2.1 

Examples: 
a) MTA85402- 04/SS 301 = Commercial temperature, SSOP package, 4 MHz, OTP pattern# 301 
b) MTA85811 -101/SS = Industrial temperature, SSOP package, 10 MHz 

DS40115A-page 14 ~IJ'@~filli1il~!JlllIDIJ'):7 
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MICROCHIP Serial EEPROMs 
Serial EEPROM Selection Guide 

CMOS Serial EEPROMs 
2-Wlre Bus Protocol 

Endur· 
Device Compat

ibility 
Density/ Page Write 

Max 
Clock 
Freq. 

ance Temp I Package Operating 
Vottage Organization Buffar Spead (min.)• Range Pins Types 

24C01 A Industry 

24C02A Industry 

24C04A Industry 

85C72 Philips 

85C82 Philips 

85C92 Philips 

24LC01 B Industry 

24AA01 Industry 

24LC02B Industry 

24AA02 Industry 

24LC04B Industry 

24AA04 Industry 

24LC08B Industry 

1 K bits (12B x B) 2 bytes 1 ms/byte 1 DO KHz 1 DOK 

2K bits (256 x B) 2 bytes 1 ms/byte 1 DO KHz 1 DOK 

4K bHs (512 x B) B bytes 1 ms/byte 100 KHz 1DOK 

1 K bits (12B x B) 2 bytes 1 ms/byta 1 DO KHz 1 DOK 

2K bHs (256 x B) 2 bytes 1 ms/byte 1 DO KHz 1 DOK 

4K bits (512 x B) B bytes 1 ms/byte 1DO KHz 100K 

1Kbits(12BxB) Bbytes 10ms 400KHz 100K 

1K bits (12B x B) B bytes 10 ms 

2K bits (256 x B) B bytes 10 ms 

2K bHs (256 x B) B bytes 1 O ms 

4K bits (512 x B) 16 bytes 10 ms 

4K bHs (512 x B) 16 bytes 10 ms 

8Kbits(1KxB) 16bytes 10ms 

400KHz 100K 

400KHz 1DOK 

400KHz 100K 

400KHz 100K 

400KHz 100K 

400KHz 1DOK 

24AAOB Industry 8K bits (1 K x B) 16 bytes 1 O ms 400KHz 100K 

24LC16B Industry 16K bits (2K x B) 16 bytes 10 ms 400KHz 1DOK 

24AA 16 Industry 16K bits (2K x B) 16 bytes 10 ms 400KHz 1DOK 

24LC164 Atmel, Xicor 16K bits (2K x 8) 16 bytes 10 ms 400KHz 1DOK 

24AA164 Atmel, Xicor 16K bits (2K x B) 16 bytes 10 ms 400KHz 100K 

24LC174 Sole Source 16K bits (2K x B) 16 bytes 10 ms 400KHz 100K 
+ 16bytes 

24AA174 Sole Source 16K bits (2K x B) 16 bytes 10 ms 400KHz 100K 
+16 bytes 

C, I, E B P,SN,SM 4.5V • 5.5V 

C, I, E B P,SN,SM 4.5V - 5.5V 

C, I, E B, 14 P,SN,SM,SL 4.5V - 5.5V 

C, I, E B P,SM 4.5V - 5.5V 

C, I, E B P,SM 4.5V - 5.5V 

C, I, E 8, 14 P,J,SM,SL 4.5V-5.5V 

C, I 8 P,SN,SM 2.5V-5.5V 

c 8 P,SN,SM 1.BV·5.5V 

C,I 8 P,SN,SM 2.5V-5.5V 

c 8 P,SN,SM 1.8V-5.5V 

C,I B, 14 P,SN,SM,SL 2.5V - 5.5V 

c B, 14 P,SN,SM,SL 1.BV - 5.5V 

C,I B, 14 P ,SN,SM,SL 2.5V • 5.5V 

c B, 14 P,SN,SM,SL 1.BV - 5.5V 

C,I B, 14 P,SN,SL 2.5V • 5.5V 

c 8, 14 P,SN,SL 1.BV - 5.5V 

C,I 8 P, SN 2.5V - 5.5V 

c 8 P,SN 1.BV·5.5V 

C,I 8 P,SN 2.5V-5.5V 

c B P,SN 1.BV-5.5V 

24C32 SoleSoun:e 32Kbits(4Kx8) 64bytes 5ms/pg 400KHz 1DOK/10K C,I 8 P,SM 4.5V-5.0V 

24LC32 Sole Source 32K bits (4K x B) 64 bytes 5 ms/pg 400 KHz 100K/10K C,I B 

24C65 Sole Source 64K bits (BK x B) 64 bytes 5 ms/pg 400 KHz 1 OOK/5K C,I B 

24LC65 Sole Source 64K bits (BK x B) 64 bytes 5 ms/pg 400 KHz 100K/5K C,I B 

24AA65 Sole Source 64K bits (BK x B) 64 bytes 5 ms/pg 1 DO KHz 1 OOK/5K C B 

c 1994 Microchip Technology Inc. 

P,SM 

P,SM 

P,SM 

P,SM 

2.5V-6.0V 

4.5V-5.5V 

2.5V-6.0V 

1.BV-6.0V 
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Serial EEPROM Selection Guide 

CMOS Serial EEPROMs (Cont.) 

3-Wire/4-Wlre Bus Protocol 

Max Endur-
Device Com pat- Density/ Page Write Clock ance Temp ' Package Operating 

ibility Organization Buffer Speed Freq. (min.)* Range Pins Types Voltage 

5911 Industry 1K bits (x8 or x16) NIA 1 ms/byte 1 MHz 100K C,l,E 8 P,SN,SM 4.5V-5.5V 

93C06 Industry 256 btts (16x16) NIA 1 ms/byte 1 MHz 100K C,l,E 8 P,SN,SM 4.5V ·5.5V 

93C46 Industry 1K btts (64x16) NIA 1 ms/byte 1 MHz 100K C,l,E 8 P,SN,SM 4.5V ·5.5V 

93C56 Industry 2K btts (x8 or x16) NIA 1ms/byte 2MHz 100K C,l,E 8, 14 P,SN,SM,SL 4.5V ·5.SV 

93C66 Industry 4K btts (x8 or x16) NIA 1ms/byte 2MHz 100K C,l,E 8, 14 P,SN,SM,SL 4.5V • 5.5V 

93LC46 Industry 1 K btts (x8 or x16) NIA 10ms 2MHz 100K C,I 8 P,SN,SM 2.0V -6.0V 

93LC56 Industry 2K btts (x8 or x16) NIA 10ms 2MHz 100K C,I 8, 14 P,SN,SM,SL 2.0V-6.0V 

93LC66 Industry 4K btts (x8 or x16) NIA 10ms 2MHz 100K C,I 8, 14 P,SN,SM,SL 2.0V -6.0V 

3-Wlre Bus Protocol 

Max Endur-
Device Com pat· Density/ Page Write Clock ance Temp ' Package Operating 

ibility Organization Buffer Speed Freq. (min.)* Range Pins Types Voltage 

93AA46 Atmel 1 K btts (x8 or x16) NIA 10ms 2MHz 100K c 8 P,SN,SM 1.8V-5.5V 

93AA56 Atmel 2K btts (xB or x16) NIA 10ms 2MHz 100K c 8 P,SN,SM 1.BV-5.5V 

93AA66 Atmel 4K bits (x8 or x16) NIA 10ms 2MHz 100K c 8 P,SN,SM 1.BV -5.5V 

93LC46B National 1K btts (64 x 16) NIA 10ms 2MHz 100K C,I 8 P,SN,SM 2.0·6.0V 

93LC56B National 2K btts (128 x 16) NIA 10ms 2MHz 100K C,I 8 P,SN,SM 2.0·6.0V 

93LC66B National 4K bits (256 x 16) NIA 10ms 2MHz 100K C,I 8 P,SN,SM 2.0-6.0V 

93LCS56 National 2K btts (128 x 16) NIA 10ms 2MHz 100K C,I 8, 14 P,SN,SM,SL 2.5V ·6.0V 

93LCS66 National 4K btts (256 x 16) NIA 10ms 2MHz 100K C,I 8, 14 P,SN,SM,SL 2.5V-6.0V 

PACKAGES 
p = Plastic DIP J = Ceramic DIP L = PLCC K = Ceramic LCC 
SN = .150' Bid SOIC SM = .207' Bid SOIC SL = .150' 141d SOIC so = .300' 281d SOIC 
s = Dice in Wafflepack w = Dice in Wafer Fonn TS = 281d TSOP (8x20mm) 

vs = 281d VSOP (Bx13.4mm) 

* Endurance is guaranteed to 1 OK cycles at extended (-40°C to + 125°C) temperature. 

NOTE: NOT ALL COMBINATIONS OF SPEED/TEMPERATURE RANGE/PACKAGE/ETC. ARE AVAILABLE. 
CONSULT FACTORY FOR SPECIFIC PART INFORMATION. 

DS21087A-page 2 © 1994 Microchip Technology Inc. 
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MICROCHIP 24C01 A/02A/04A 
1K/2K/4K SV CMOS Serial EEPROMs 

FEATURES 

• Low power CMOS technology 
• Hardware write protect 
• Two wire serial interface bus, 12c- compatible 
• 5 volt only operation 
• Sett-timed write cycle (including auto-erase) 
• Page-write buffer 
• 1 ms write cycle time for single byte 
• 1,000,000 ERASE/WRITE cycles (typical) 
• Data retention >40 years 
• 8-pin DIP/SOIC packages 
• Available for extended temperature ranges: 

-Commercial: o·c to +70°C 
-Industrial: -40°C to +0s·c 
-Automotive: -4o·c to +12s·c 

BLOCK DIAGRAM 

Vee -
Vss --

SCL 

Data 
Buffer 
(FIFO) 

AO A1 A2WP 

PIN CONFIGURATIONS 

AO 

A1 

A2 

Vss 

DIP Package 

24C01A 
24C02A 
24C04A 

12c is a trademark of Philips Cor;ration 

©1994 Microchip Technology Inc. 

AO 

A1 

A2 

Vss 

2 

3 

4 

DESCRIPTION 

The Microchip Technology Inc. 24C01A/02A/04A is a 
1 K/2K/4Kbit Electrically Erasable PROM. The device is 
organized as shown, with a standard two wire serial 
interface. Advanced CMOS technology allows a signifi
cant reduction in power over NMOS serial devices. A 
special feature provides hardware write protection for 
the upper 256 byte block. The 24C01A/02A/04A also 
has a page-write capability for up to 8 bytes of data (see 
chart). Up to four 24C01 A/02A/04As may be connected 
to the two wire bus. The 24C01A/02A/04A is available 
in the standard 8-pin DIP and 8-pin surface mount SOIC 
package. 

This device offers fast (1ms) byte write and ex
tended (-40°Cto 125°C)temperatureoperation. It is 
recommended that all other applications use 
Microchip's 24LCXXB. 

24C01A 24C02A 24C04A 

Organization 128x8 256x8 2x256x8 

Write Protect None 080-0FF 100-1 FF 

Page Write Buffer 2 Bytes 2 Bytes 8 Bytes 

SOIC Packages 

NC 14 NC 

AO 2 13 Vee 

8 Vee A1 3 12 WP 

NC 4 11 NC 7 wp· 
A2 5 10 SCL 

6 SCL 
Vss 6 SDA 

5 SDA NC 7 8 NC 

24C01A 24C04A 
24C02A 
24C04A * "TEST" pin in 24C01 A 
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24C01 A/02A/04A 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings* 
Vee ................................................................... 7.0V 
All inputs and outputs w .r.t. Vss ..... -0.6V to Vee + 1.0V 
Storage temperature ....................... -65 ·c to + 150'C 
Ambient temp. with power applied ..... -65'C to +125'C 
Soldering temperature of leads (10 seconds) .. +300'C 
ESD protection on all pins .................................... 4 kV 

'Notice: Stresses above those listed under "Maximum ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at those or any other conditions above 
those indicated in the operational listings of this specification is not 
implisd. Exposure to maximum rating conditions for extended periods 
may affect device reliability. 

DC CHARACTERISTICS 

Parameter Symbol Min 

Vee detector threshold VTH 2.8 

SCL and SDA pins: 
High level input voltage VIH Vccx0.7 
Low level input voltage VIL -0.3 
Low level output voltage VOL 

A1 & A2 pins: 
High level input voltage VIH Vcc-0.5 
Low level input voltage VIL -0.3 

Input leakage current Ill -
Output leakage current ILO -
Internal capacitance CINT -
(all inputs/outputs) 

Operating current Ice write -

Ice write -

Ice read -
Standby current Ices -

PIN FUNCTION TABLE 

Name Function 

AO No Function for 24C04A only, 
Must be connected to Vee or Vss 

AO,A1,A2 Chip Address Inputs 
Vss Ground 
SDA Serial Address/Data VO 
SCL Serial Clock 

TEST (24C01 A only) Vee or Vss 
WP Write Protect Input 
Vee +5V Power Supply 

Vee= +5V (±10%) 
Commercial (C): Tamb = O'Cto +70'C 
Industrial (I): Tamb = -40'C to +85'C 
Automotive (E): Tamb = -40'C to +125'C (Note 2) 

Max Units Conditions 

4.5 v 

Vee+ 1 v 
Vee x0.3 v 

0.4 v IOL = 3.2 mA (SDA only) 

Vee+ 0.5 v 
0.5 v 
10 µA VIN = ov to Vee 

10 µA VOUT = ov to Vee 

7.0 pF VINfVOUT = ov (Note 1) 
Tamb = +25'C, f = 1 MHz 

3.5 mA FcLK = 100 kHz, program cycle 
time= 1 ms, Vee = 5V, 
Tamb = o·c to +70'C 

4.25 mA FeLK = 100 kHz, program cycle 
time= 1 ms, Vee= 5V, 

750 µA 
Tamb = (I) and (E) 
Vee= 5V, Tamb= (C), (I) and (E) 

100 µA SDA = SCL = Vee = 5V 
(no PROGRAM active) 

Note 1: This parameter 1s penod1cally sampled and not 100% tested. 
Note 2: For operation above as0e, endurance is rated at 10,000 ERASE/WRITE cycles 

BUS TIMING START/STOP 

SCL--~ 

THD:STA 

START STOP 

OS 11183A-page 2 ©1994 Microchip Technology Inc. 
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24C01 A/02A/04A 

AC CHARACTERISTICS 

Parameter Symbol Min Typ Max Units Remarks 

Clock frequency FeLK - - 100 kHz 

Clock high time THIGH 4000 - - ns 

Clock low time TLOW 4700 - - ns 

SDA and SCL rise time TR - - 1000 ns 

SDA and SCL fall time TF - - 300 ns 

START condition hold time THD:STA 4000 - - ns After this period the first 
clock pulse is generated 

ST ART condition setup time TSU:STA 4700 - - ns Only relevant for repeated 
START condition 

Data input hold time THD:DAT 0 - - ns 

Data input setup time TSU:DAT 250 - - ns 

Data output delay time TPD 300 - 3500 ns See Note 1 

STOP condition setup time TSU:STO 4700 - - ns 

Bus free time TBUF 4700 - - ns Time the bus must be free 
before a new transmission 
can start 

Input filter time constant Tr - - 100 ns 
(SDA and SCL pins) 

Program cycle time Twe - .4 1 ms Byte Mode 
.4N N ms Page Mode, N =#of bytes 

Endurance - 100,000 - - E/WCycles 

Note 1: As transmitter the device must provide this internal minimum delay time to bridge the undefined region (minimum 300 ns) of 
the falling edge of SCL to avoid unintended generation of START or STOP conditions. 

FIGURE 2-BUS TIMING DATA 

SeL 

SDA 

"' 
SDA 
OUT -"""'_,..<-><->L-.:""-':.L.."'-' 

FUNCTIONAL DESCRIPTION 

The 24C01 A/02A/04A supports a bidirectional two wire 
bus and data transmission protocol. A device that sends 
data onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus has to be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24C01 A/02A/04A 

©1994 Microchip Technology Inc. 
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works as slave. Both master and slave can operate as 
transmitter or receiver but the master device determines 
which mode is activated. 

Up to four 24C01A/02A/04As can be connected to the 
bus, selected by the A 1 and A2 chip address inputs. AO 
must be tied to Vee or Vss. Other devices can be 
connected to the bus but require different device codes 
than the 24C01A/02A/04A (refer to section Slave Ad
dress). 
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24C01 A/02A/04A 

BUS CHARACTERISTICS 

The following bus protocol has been defined: 

- Data transfer may be initiated only when the bus is not 
busy. 

- During data transfer, the data line must remain stable 
wheneverthe clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be. interpreted as 
a ST ART or STOP condition. 

Accordingly, the following bus conditions have been 
defined (see Figure 1): 

Bus not Busy (A) 

Both data and clock lines remain HIGH. 

Start Data Transfer (B) 

A HIGH to LOW transition of the SDA line while the clock 
(SCL) is HIGH determines a START condition. All 
commands must be preceded by a START condition. 

Stoo Data Transfer (C) 

A LOW to HIGH transition of the SDA line while the clock 
(SCL) is HIGH determines a STOP condition. All opera
tions must be ended with a STOP condition. 

Data Valid (D) 

The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 

The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 

Each data transfer is initiated with a ST ART condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited. 

Acknowledge 

Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 

Note: The 24C01 A/02A/04A does not generate any 
acknowledge bits if an internal program
ming cycle is in progress. 

The device that acknowledges, has to pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. A 
master must signal an end of data to the slave by not 
generating an acknowledge bit on the last byte that has 
been clocked out of the slave. In this case, the slave 
must leave the data line HIGH to enable the master to 
generate the STOP condition. 

FIGURE 1 - DATA TRANSFER SEQUENCE ON THE SERIAL BUS 

(A) (8) 
SCL --+--........_ 

SDA 

START CONDITION 
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ADDRESS DATA ALLOWED 
OR TO CHANGE 

ACKNOWLEDGE 
VALID 
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(D) (C) (A) 

STOP 
CONDITION 
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SLAVE ADDRESS 

The chip address inputs A1 and A2 of each 24C01A/ 
02A/04A must be externally connected to either Vee or 
ground (Vss), assigning to each 24C01A/02A/04A a 
unique2-bitaddress. Uptofour24C01A/02A/04As may 
be connected to the bus. Chip selection is then accom
plished through software by setting the bits A 1 and A2 of 
the slave address to the corresponding hard-wired logic 
levels of the selected 24C01 A/02A/04A. AO is not used 
and must be connected to either Vee or Vss. 

After generating a START condition, the bus master 
transmits the slave address consisting of a 4-bit device 
code (1010) for the 24C01A/02A/04A, followed by the 
chip address bits A 1 and A2. In the 24C04A, the seventh 
bit of that byte (BA) is used to select the upper block 
(addresses 100-1 FF) or the lower block (addresses 
OOO-OFF) of the array. 

The eighth bit of slave address detennines if the master 
device wants to read or write to the 24C01A/02A/04A 
(see Figure 2). 

The 24C01A/02A/04A monitors the bus for its corre
sponding slave address all the time. It generates an 
acknowledge bit if the slave address was true and it is not 
in a programming mode. 

FIGURE 2 - SLAVE ADDRESS ALLOCATION 

START READ/WRITE 

/ '-.... 
I : s:LAV~ AD9RES~ : IRml A 

I ' I \ 
I \ 

I \ 

f 
1 I 0 0 A2 A1 AO 'I 

BYTE PROGRAM MODE 

In this mode, the master sends addresses and one data 
byte to the 24C01A/02A/04A. 

Following the START condition, the device code (4-bit), 
the slave address (3-bit), and the Rffl bit, which is logic 
LOW, are placed onto the bus by the master. This 
indicates to the addressed 24C01 A/02A/04A that a byte 

FIGURE 3 - BYTE WRITE 

s 
T 

BUS ACTIVITY: A 
MASTER R 

T 

SDA LINE 

BUS ACTIVITY: 
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24C01 A/02A/04A 

with a word address will follow after it has generated an 
acknowledge bit. Therefore the next byte transmitted by 
the master is the word address and will be written into the 
address pointer of the 24C01 A/02A/04A. After receiving 
the acknowledge of the 24C01 A/02A/04A, the master 
device transmits the data word to be written into the 
addressed memory location. The 24C01A/02A/04A 
acknowledges again and the master generates a STOP 
condition. This initiates the internal programming cycle 
of the 24C01 A/02A/04A (see Figure 3). 

PAGEPROGRAM MODE 

To program the 24C01A/02A/04A, the master sends 
addresses and data to the 24C01 A/02A/04A which is the 
slave (see Figure 3 and 4). This is done by supplying a 
START condition followed by the 4-bit device code, the 
3-bit slave address, and the RJW bit which is defined as 
a logic LOW for a write. This indicates to the addressed 
slave that a word address will follow so the slave outputs 
the acknowledge pulse to the master during the ninth 
clock pulse. When the word address is received by the 
24C01A/02A/04A, it places it in the lower 8 bits of the 
address pointer defining which memory location is to be 
written. (The BA bit transmitted with the slave address 
is the ninth bit of the address pointer). The 24C01 A/02A/ 
04A will generate an acknowledge after every 8-bits 
received and store them consecutively in a 2-byte or 8-
byte RAM until a STOP condition is detected which 
initiates the internal programming cycle. If more than 8 
bytes (2 bytes in 24C01 A/02A) are transmitted by the 
master, the 24C01 A/02A/04A will roll over and overwrite 
the data beginning with the first received byte. This does 
not affect erase/write cycles of the EE PROM array and 
is accomplished as a result of only allowing the address 
registers bottom 3 bits to increment while the uppers bits 
remain unchanged. 

If the master generates a STOP condition after transmit
ting the first data word (Point 'P' on Figure 3), byte 
programming mode is entered. 

The internal, completely self-timed PROGRAM cycle 
starts after the STOP condition has been generated by 
the master and all received data bytes in the page buffer 
will be written in a serial manner. 

The PROGRAM cycle takes N milliseconds, whereby N 
is the number of received data bytes (N max = 8 for 
24C04A, 2 for 24C01A/02A). 
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24C01 A/02A/04A 

FIGURE 4 - PAGE WRITE 
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ACKNOWLEDGE POLLING 

Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com
mand has been issued from the master, the device 
initiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte for 
a write command (RiW = 0). If the device is still busy with 
the write cycle, then no ACK will be returned. If the cycle 
is complete, then the device will return the ACK and the 
master can then proceed with the next read or write 
command. See Figure 5 for flow diagram. 

FIGURE 5 - ACKNOWLEDGE POLLING FLOW 
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WRITE PROTECTION 
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Programming of the upper half of the memory will not 
take place if the WP pin of the 24C02A or 24C04A is 
connected to Vee (+5V). The device will accept slave 
and word addresses but tt the memory accessed is write 
protected by the WP pin, the 24C02A/04A will not 
generate an acknowledge after the first byte of data has 
been received, and thus the program cycle will not be 
started when the STOP condition is asserted. Polarity of 
the WP pin has no effect on the 24C01 A. 

READ MODE 

This mode illustrates master device reading data from 
the 24C01 A/02A/04A. 

As can be seen from Figures 7 and 8, the master first 
sets up the slave and word addresses by doing a write. 
(Note: Although this is a read mode, the address pointer 
must be written to). During this period the 24C01 A/02A/ 
04A generates the necessary acknowledge bits as de
fined in the appropriate section. 

The master now generates another ST ART condition 
and transmits the slave address again, except this time 
the read/write bit is set into the read mode. After the 
slave generates the acknowledge bit, it then outputs the 
data from the addressed location on to the SDA pin, 
increments the address pointer and, tt it receives an 
acknowledge from the master, will transmit the next 
consecutive byte. This auto-increment sequence is only 
aborted when the master sends a STOP condition 
instead of an acknowledge. 

Note: If the master knows where the address pointer is, 
it can begin the read sequence at the current 
address (see Figure 6) and save time transmit
ting the slave and word addresses. 

Note: In all modes, the address pointer will not incre
ment through a block (256 byte) boundary, but 
will rotate back to the first location in that block. 

©1994 Microchip Technology Inc. 



FIGURE 6 - CURRENT ADDRESS READ 
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24C01 A/02A/04A 

PIN DESCRIPTION 

AO. A1. A2 ChiD Address Inputs 

The levels on these inputs are compared with the 
corresponding bits in the slave address. The chip is 
selected if the compare is true. For 24C04 AO is no 
function. · 

Up to eight 24C01 A/02A's or up to four 24C04A's can be 
connected to the bus. 

These inputs must be connected to either Vss or Vee. 

SPA Serial Address/Data Input/Output 

This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. It is an open drain 
terminal, therefore the SDA bus requires a pull-up resis
tor to Vee (typical 1 OK.Cl). 

For normal data transfer, SDA is allowed to change only 
during SCL LOW. Changes during SCL HIGH are re
served for indicating the START and STOP conditions. 

SCL Serial Clock 

This input is used to synchronize the data transfer from 
and to the device. 

DS11183A-page 8 
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WP Write Protection 

This pin must be connected to either Vee or Vss for 
24C02A or 24C04A. It has no effect on 24C01A. 

If tied to Vee, PROGRAM operations onto the upper 
memory block will not be executed. Read operations are 
possible. 

lftiedto Vss, normal memory operation is enabled (readf 
write the entire memory). 

This feature allows the user to assign the upper half of 
the memory as ROM which can be protected against 
accidental programming. When write is disabled, slave 
address and word address will be acknowledged but 
data will not be acknowledged. 

Notes: 

1. A 'page• is defined as the maximum number of bytes 
that can be programmed in a single write cycle. The 
24C04A page is 8 bytes long; the 24C01 A/02A page 
is 2 bytes long. 

2. A 'block" is defined as a continuous area of memory 
with distinct boundaries. The address pointercan not 
cross the boundary from one block to another. It will 
however, wrap around from the end of a block to the 
first location in the same block. The 24C01 A/02A/ 
04A has two blocks, 256 bytes each. The 24C01A 
and 24C02A each have only one block. 

©1994 Microchip Technology Inc. 



24C01 A/02A/04A 

NOTES: 

• 
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24C01 A/02A/04A 

SALES AND SUPPORT 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 

PART NUMBERS 

~.-IP 

PACKAGE: J CERDIP 
p PLASTIC DIP 

SN PLASTIC SOIC !150 mil Body) 8-Lead, 24C01N02A only 
SM PLASTIC SOIC 207 mil Body) 8-Lead 
SL PLASTIC SOIC 150 mil Body) 14-Lead, 24C04A only 

i TEMPERATURE Blank o·cto+1o·c 
RANGE: I -40"C to +85'C 

E -40'C to + 125'C 

DEVICE: 24C01A 1 K CMOS Serial EEPROM 
I 24C01AT 1 K CMOS Serial EEPROM (in Tape and Reel) 

24C02A 2K CMOS Serial EEPROM 
24C02AT 2K CMOS Serial EEPROM (in Tape and Reel) 

24C04A 4K CMOS Serial EEPROM 
24C04AT 4K CMOS Serial EEPROM (in Tape and Reel) 

OS 11183A-page 1 0 ©1994 Microchip Technology Inc. 
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MICROCHIP 24LC01 B/028 
1K/2K 2.SV CMOS Serial EEPROMs 

FEATURES 

• Single supply with operation down to 2.5V 
• Low power CMOS technology 

1 mA active current typical 
- 10 µA standby current typical at 5.5V 
- 5 µA standby current typical at 3.0V 

• Organized as a single block of 128 bytes (128 x 8) 
or 256 bytes (256 x 8) 

• Two wire serial interface bus, 12C™ compatible 
• 1 OOKHz (2.5V) and 400KHz (5V) compatibility 
• Self-timed write cycle (including auto-erase) 
• Page-write buffer for up to 8 bytes 
• 2 ms typical write cycle time for page-write 
• Hardware write protect for entire memory 
• Can be operated as a serial ROM 
• Factory programming (OTP) available 
• ESD protection > 3,000V 
• 1,000,000 ERASE/WRITE cycles (typical) 
• Data retention > 40 years 
• 8 pin DIP or SOIC package 
• Available for extended temperature ranges 

Commercial: 0°C to + 70°C 
- Industrial: -40°C to +85°C 

PIN CONFIGURATION 

DIP Package 

SOIC Package 

AO 8 Vee 

A1 7 WP 

A2 6 SCL 

Vss 5 SDA 

12C is a trademark of Philips Corporation 

© 1994 Microchip Technology Inc. 
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DESCRIPTION 

The Microchip Technology Inc. 24LC01 B and 
24LC02B are 1 K bit and 2K bit Electrically Erasable 
PROMs. The devices are organized as a single block 
of 128 x 8 bit or 256 x 8 bit memory with a two wire 
serial interface. Low voltage design permits opera
tion down to 2.5 volts with a standby and active 
currents of only 5 µA and 1 mA respectively. The 
24LC01 B and 24LC02B also have page-write capa
bility for up to 8 bytes of data. The 24LC01 B and 
24LC02B are available in the standard 8-pin DIP and 
an 8-pin surface mount SOIC package. 

BLOCK DIAGRAM 

WP 

.------""1 HV GENERATOR 

SDA SCL 

vcc 0-
vss 0--

MEMORY 
CONTROL 

LOGIC 

EE PROM 
ARRAY 
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YDEC 

SENSE AMP 
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24LC018/028 

ELECTRICAL CHARACTERISTICS PIN FUNCTION TABLE 

Maximum Ratings* 
Vee ..................................................................... 7.0V 
All inputs and outputs w.r.t. Vss ..... -0.6V to Vee+ 1.0V 
Storage temperature ....................... -65°C to+ 15o·c 
Ambient temp. with power applied ..... -65°C to+ 125·c 
Soldering temperature of leads (10 seconds) .. +300°C 
ESD protection on all pins ................................. ;:: 4 kV 

'Notice: Stresses above those listed under "Maximum ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at those or any other conditions above 
those indicated in the operational listings of this specification is not 
implied. Exposure to maximum rating conditions for extended periods 
may affect device reliability. 

DC CHARACTERISTICS 

Parameter Symbol 

WP, SCL and SDA pins: 

Min 

High level input voltage VIH .7Vcc 

Low level input voltage VIL 

Hysteresis of Schmidt trigger inputs VHYS 0.05 VDD 

Low level output voltage VOL 

Input leakage current ILi -10 

Output leakage current ILO -10 

Internal capacitance CINT -
(all inputs/outputs) 

Operating current Ice write -
Ice read -

Standby current Ices -

Name Function 

Vss Ground 

SDA Serial Address/Data 1/0 

SCL Serial Clock 

WP Write Protect Input 

Vee +2.5V to 5.5V Power Supply 

AO,A1,A2 No Internal Connection 

Vee = +2.5V to +5.5V 
Commercial (C): Tamb = o·cto +1o·c 
Industrial (I) : Tamb = -4o·c to +s5·c 

Max Units Conditions 

v 
.3Vcc v 

- v Note 1 

.40 v IOL = 3.0 mA, Vee= 2.5V 

10 µA VIN= .1V to 5.5V 

10 µA VOUT = .1V to 5.5V 

10 pf Vee= 5.0V (Note 1) 
Tamb = 25°C, FCLK = 1 MHz 

3 mA Vcc=5.5V 
SCL=400 KHz 

1 mA 

30 µA VCC=3.0V 
SDA = SCL = Vee 

100 µA VCC=5.5V 
SDA = SCL = Vee 

Note 1: This parameter is periodically sampled and not 100% tested. 

BUS TIMING START/STOP 

VHYS 

SCL ----' 

Tsu:STA Tsu:sTO 

START STOP 

DS20071 E-page 2 © 1994 Microchip Technology Inc. 
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24LC01 B/028 

AC CHARACTERISTICS 
STANDARD Vee = 4.5-5.5V 

MODE FAST MODE 

Parameter Symbol Min Max Min Max Units Remarks 

Clock frequency FCLK 0 100 0 400 kHz 

Clock high time THIGH 4000 - 600 - ns 

Clock low time TLOW 4700 - 1300 - ns 

SDA and SCL rise time TR - 1000 - 300 ns Note2 

SDA and SCL fall time TF - 300 - 300 ns Note2 

START condition hold time THD:STA 4000 - 600 - ns After this period the first 
clock pulse is generated 

START condition setup time TSU:STA 4700 - 600 - ns Only relevant for repeated 
START condition 

Data input hold time THD:DAT 0 - 0 - ns Note 1 

Data input setup time TSU:DAT 250 - 100 - ns 

STOP condition setup time TSU:STO 4000 - 600 - ns 

Output valid from clock TAA - 3500 - 900 ns Note 1 

Bus free time TBUF 4700 - 1300 - ns Time the bus must be free 
before a new transmission 
can start 

Output fall time from V1H ToF - 250 20+0.1 250 ns Note 2, CB~ 100 pF minimum to VIL maximum Ce 

Input filter spike suppression 
(SDA and SCL pins) 

TSP N/A N/A 0 50 ns Note3 

Write cycle time TWR - 10 - 10 ms Byte or Page mode 

Endurance - 100,(XX> - 100,000 - EfW 
Cycles 

Note 1: As a transmitter, the device must provide an Internal minimum delay time to bridge the undefined region (minimum 300 ns) 
of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 

Note 2: Not 100% tested. CB = total capacitance of one bus line In pF. 
Note 3: The combined TSP and VHYS specifications are due to new Schmitt trigger inputs which provide Improved noise spike 

suppression. This eliminates the need for a Tl specification for standard operation. 

BUS TIMING DATA 

SCL 

SDA 
N 

SDA 
OUT 

© 1994 Microchip Technology Inc. 
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24LC01 B/028 

FUNCTIONAL DESCRIPTION 

The 24LC01 B/028 supports a bidirectional two wire bus 
and data transmission protocol. A device that sends 
data onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus has to be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24LC01 B/028 
works as slave. Both master and slave can operate as 
transmitter or receiver but the master device determines 
which mode is activated. 

BUS CHARACTERISTICS 

The following bus protocol has been defined: 

- Data transfer may be initiated only when the bus is not 
busy. 

- During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 
a START or STOP condition. 

Accordingly, the following bus conditions have been 
defined (see Figure 1): 

Bus not Busy CA) 

Both data and clock lines remain HIGH. 

Start Data Transfer (Bl 

A HIGH to LOW transition of the SDA line while the clock 
(SCL) is HIGH determines a START condition. All 
commands must be preceded by a START condition. 

Stop Data Transfer (C) 

A LOW to HIGH transition oflhe SDA line while the clock 
(SCL) is HIGH determines a STOP condition. All opera
tions must be ended with a STOP condition. 

Data Valid (D) 

The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 

The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 

Each data transfer is initiated with a ST ART condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last 
sixteen will be stored when doing a write operation. 
When an overwrite does occur it will replace data in a first 
in first out fashion. 

Acknowledge 

Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 

Note: The 24LC018/028 does not generate any ac-
knowledge bits if an internal programming 
cycle is in progress. 

The device that acknowledges has to pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. A 
master must signal an end of data to the slave by not 
generating an acknowledge bit on the last byte that has 
been clocked out of the slave. In this case, the slave 
must leave the data line HIGH to enable the master to 
generate the STOP condition. 

FIGURE 1 - DATA TRANSFER SEQUENCE ON THE SERIAL BUS 

(A) (B) 
SCL ---+----"-

SDA 

START CONDITION 
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BUS CHARACTERISTICS 

Slave Address 

The 24LC01 B/02B are software-compatible with older 
devices such as 24C01A, 24C02A, 24LC01, and 
24LC02. A single 24LC02B can be used in place of 
two 24LC01 's, for example, without any modifications 
to software. The 'chip select' portion of the control 
byte becomes a don't care. 

After generating a START condition, the bus master 
transmits the slave address consisting of a 4-bit 
device code (1010) for the 24LC01 B/02B, followed by 
three don't care bits. 

The eighth bit of slave address determines if the 
master device wants to read or write to the 24LC01 B/ 
028 (see Figure 2). 

The 24LC01 B/02B monitors the bus for its corre
sponding slave address all the time. It generates an 
acknowledge bit if the slave address was true and it 
is not in a programming mode. 

Operation Control Code Chip Select Rfil 
Read 1010 xxx 1 

Write 1010 xxx 0 

FIGURE 2 - CONTROL BYTE ALLOCATION 

READ/WRITE 

............ 

I : 

0 x x 

X =don't care 

FIGURE 3 - BYTE WRITE 
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WRITE OPERATION 

BvteWrite 

Following the start signal from the master, the device 
code (4 bits), the don't care bits (3 bits), and the RiW bit 
which is a logic low is placed onto the bus by the master 
transmitter. This indicates to the addressed slave re
ceiver that a byte with a word address will follow after it 
has generated an acknowledge bit during the ninth clock 
cycle. Therefore the next byte transmitted by the master 
is the word address and will be written into the address 
pointer of the 24LC01 B/02B. After receiving another 
acknowledge signal from the 24LC01 B/02B the master 
device will transmit the data word to be written into the 
addressed memory location. The 24LC01 B/028 ac
knowledges again and the master generates a stop 
condition. This initiates the internal write cycle, and 
during this time the 24LC01 B/026 will not genera,te 
acknowledge signals (see Figure 3). 

Page Write 

The write control byte, word address and the first data 
byte are transmitted to the 24LC01B/02B in the same 
way as in a byte write. But instead of generating a stop • 
condition the master transmits up to eight data bytes to 
the 24LC01 B/028 which are temporarily stored in the 
on-chip page buffer and will be written into the memory 
after the master has transmitted a stop condition. After 
the receipt of each word, the three lower order address 
pointer bits are internally incremented by one. The 
higher order five bits of the word address remains 
constant. H the master should transmit more than eight 
words prior to generating the stop condition, the address 
counter will roll over andthe previously received data will 
be overwritten. As with the byte write operation, once 
the stop condition is received an internal write cycle will 
begin (see Figure 5). 
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24LC01 B/028 

ACKNOWLEDGE POLLING 

Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com
mand has been issued from the master, the device 
initiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte for 
a write command (RIW = 0). If the device is still busy with 
the write cycle, then no ACK will be returned. If the cycle 
is complete, then the device will return the ACK and the 
master can then proceed with the next read or write 
command. See Figure 4 for flow diagram. 

FIGURE 4 - ACKNOWLEDGE POLLING FLOW 

Send 
Write Command 

Send Stop 
Condition to 

Initiate Write Cycle 

Send Start 

Send Control Byte 
with RfW=O 

Next 
Operation 
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WRITE PROTECTION 

The 24LC01 B/02B can be used as a serial ROM when 
the WP pin is connected to Vee. Programming will be 
inhibited and the entire memory will be write-protected. 

READ OPERATION 

Read operations are initiated in the same way as write 
operations with the exception that the RIW bit of the 
slave address is set to one. There are three basic types 
of read operations: current address read, random read, 
and sequential read. 

Current Address Read 

The 24LC01B/02B contains an address counter that 
maintains the address of the last word accessed, inter
nally incremented by one ... Therefore, if the previous 
access (either a read or write operation) was to address 
n, the next current address read operation would access 
data from address n + 1. Upon receipt of the slave 
address with R!W bit set to one, the 24LC01 B/02B 
issues an acknowledge and transmits the eight bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24LC01 B/02B 
discontinues transmission (see Figure 6). 

Random Read 

Random read operations allow the master to access any 
memory location in a random manner. To perfonm this 
type of read operation, first the word address must be 
set. This is done by sending the word address to the 
24LC01 B/02B as part of a write operation. After the 
word address is sent, the master generates a start 
condition following the acknowledge. This terminates 
the write operation, but not before the internal address 
pointer is set. Then the master issues the control byte 
again but with the RJWbit set to a one. The 24LC01 B/ 
02B will then issue an acknowledge and transmits the 
eight bit data word. The master will not acknowledge the 
transfer but does generate a stop condition and the 
24LC01 B/02B discontinues transmission (see Figure 7). 
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FIGURE 6 - CURRENT ADDRESS READ 
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FIGURE 7 - RANDOM READ 
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24LC01 B/028 

Sequential Read 

Sequential reads are initiated in the same way as a 
random read except that after the 24LC01 B/028 trans
mits the first data byte, the master issues an acknowl
edge as opposed to a stop condition in a random read. 
This directs the 24LC01B/028 to transmit the next 
sequentially addressed 8 bit word (see Figure 8). 

To provide sequential reads the 24LC018/028 contains 
an internal address pointer which is incremented by one 
at the completion of each operation. This address 
pointer allows the entire memory contents to be serially 
read during one operation. 

Noise Protection 

The 24LC01 B/028 employs a Vee threshold detector 
circuit which disables the internal erase/write logic if the 
Vee is below 1.5 volts at nominal conditions. 

The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 

FIGURE 8 • SEQUENTIAL READ 

PIN DESCRIPTIONS 

SDA Serial Address/Data lnout/Qutput 

This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. It is an open drain 
terminal, therefore the SDA bus requires a pullup resis
tor to Vee (typical 1 OKQ for 100 KHz, 1 Kn for 400 KHz). 

For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are reserved 
for indicating the START and STOP conditions. 

SCL Serial Clock 

This input is used to synchronize the data transfer from 
and to the device. 

WP 

This pin must be connected to either Vss or Vee. 

If tied to Vss, normal memory operation is enabled (read/ 
write the entire memory). 

If tied to Vee, WRITE operations are inhibited. The 
entire memory will be write-protected. Read operations 
are not affected. 

This feature allows the user to use the 24LC01 B/028 as 
a serial ROM when WP is enabled (tied to Vee). 

AO. A1.A2 

These pins are not used by the 24LC018/028. They 
may be left floating or tied to either Vss or Vee. 
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24LC01 B/028 

NOTES 

• 
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24LC018/028 

SALES AND SUPPORT 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the sales 
offices below or contact corporate headquarters for the representative or distributor in your area. 

PART NUMBERS 

PACKAGE: 

'--------1JI TEMPERATURE 
RANGE: 

I DEVICE: 

DS20071E-page 10 
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SN 
SM 

Blank 
I 

24LC01B 
24LC01BT 

24LC02B 
24LC02BT 
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PLASTIC DIP 
PLASTIC SOIC (150 mil Body) 
PLASTIC SOIC (207 mil Body) 

o· Cto+70"C 
-40" C to +85" C 

1 K CMOS Serial EEPROM 
1 K CMOS Serial EEPROM (in Tape and Reel form) 
2K CMOS Serial EEPROM 
2K CMOS Serial EEPROM (in Tape and Reel form) 
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MICROCHIP 24AA01/02 
1K/2K 1.8V CMOS Serial EEPROMs 

FEATURES 

• Single supply with operation down to 1.BV 
• Low power CMOS technology 

1 mA active current typical 
- 10 µA standby current typical at 5.5V 
- 3 µA standby current typical at 1.8V 

• Organized as a single block of 128 bytes (128 x 8) 
or 256 bytes (256 x 8) 

• Two wire serial interface bus, 12C™ compatible 
• Schmitt trigger, filtered inputs for noise suppression 
• Output slope control to eliminate ground bounce 
• 100 KHz (1.8V) and 400 KHz (5V) compatibility 
• Self-timed write cycle (including auto-erase) 
• Page-write buffer for up to 8 bytes 
• 2 ms typical write cycle time for page-write 
• Hardware write protect for entire memory 
• Can be operated as a serial ROM 
• Factory programming (OTP) available 
• ESD protection > 3,000V 
• 1,000,000 ERASE/WRITE cycles (typical) 
• Data retention > 40 years 
• 8-pin DIP or SOIC package 
• Available for extended temperature ranges 

- Commercial: o·c to + 70°C 

PIN CONFIGURATION 

DIP Package 

SOIC Package 

AO 8 Vee 

A1 7 WP 

A2 6 SCL 

Vss 5 SDA 

12C is a trademark of Philips Corporation 

© 1994 Microchip Technology Inc. 
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DESCRIPTION 

The Microchip Technology Inc. 24AA01 and 24AA02 
are 1 K bit and 2K bit Electrically Erasable PROMs. 
The devices are organized as a single block of 128 x 
8 bit or 256 x 8 bit memory with a two wire serial 
interface. Low-voltage design permits operation down 
to 1.8 volts with standby and active currents of only 3 
µA and 1 mA, respectively. The 24AA01 and 24AA02 
also have page-write capability for up to 8 bytes of 
data. The 24AA01 and 24AA02 are available in the 
standard 8-pin DIP and 8-pin surface mount SOIC 
packages. 

BLOCK DIAGRAM 

~------i HV GENERATOR 

SDA SCL 

vcc 0-
vss 0--

EEPROM 
ARRAY 

PAGE LATCHES 

YDEC 

SENSE AMP 
R/WCONTROL 
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24AA01/02 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings* 
Vee ...................................................................... 7.0V 
All inputs and outputs w.r.t. Vss ..... -0.6V to Vee+ 1.0V 
Storage temperature ....................... -65°C to+ 150°C 
Ambient temp. with power applied ..... -65°C to+ 125°C 
Soldering temperature of leads (1 O seconds) .. +300°C 
ESD protection on all pins ................................. 2: 4 kV 

*Notice: Stresses above those listed under "Maximum ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at those or any other conditions above 
those indicated in the operational listings of this specification is not 
implied. Exposure to maximum rating conditions for extended periods 
may affect device reliability. 

DC CHARACTERISTICS 

Parameter Symbol Min 

WP, SCL and SDA pins: 
High level input voltage VIH .7 Vee 

Low level input voltage VIL -
Hysteresis of Schmitt trigger inputs VHYS 0.05 Voo 

Low level output voltage VOL -
Input leakage current ILi -10 

Output leakage current ILO -10 

Internal capacitance CINT -
(all inputs/outputs) 

Operating current Ice Write -
-

Ice Read -
-

Standby current Ices -
-
-

PIN FUNCTION TABLE 

Name Function 

Vss Ground 

SDA Serial Address/Data 1/0 

SCL Serial Clock 

WP Write Protect Input 

Vee + 1.8V to 5.5V Power Supply 

AO,A1,A2 No Internal Connection 

Vee = + 1.8V to +5.5V 
Commercial (C): Tamb= o·cto+1o·c 

Typ Max Units Conditions 

- - v 

- .3 Vee v 

- - v Note 1 

- .40 v IOL = 3.0 mA, Vee= 1.8V 

- 10 µA VIN= .1V to 5.5V 

- 10 µA VOUT= .1Vto 5.5V 

- 10 pF Vee= 5.0V (Note 1) 
Tamb = 25°C, FCLK = 1 MHz 

- 3 mA Vee= 5.5V, SCL = 400 KHz 
0.5 - mA Vee= 1.8V, SCL = 100 KHz 
- 1 mA Vee= 5.5V, SCL = 400 KHz 

0.05 - mA Vee= 1.8V, SCL = 100 KHz 

- 100 µA Vee= 5.5 V, SDA = SCL = Vee 
- 30 µA Vee= 3.0 V, SDA = SCL =Vee 
3 - µA Vee= 1.8 V, SDA = SCL =Vee 

Note 1: This parameter is periodically sampled and not 100% tested. 

BUS TIMING START/STOP 

VHYS 

SCL ----' 
THD:STA 

Tsu:STA Tsu:sTO 

SDA ------....""1 

START STOP 

DS21052C-page 2 © 1994 Microchip Technology Inc. 
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24AA01/02 

AC CHARACTERISTICS STANDARD Vee = 4.5-5.SV 
MODE FAST MODE 

Parameter Symbol Min Max Min Max Units Remarks 

Clock frequency FCLK 0 100 0 400 kHz 

Clock high time THIGH 4000 - 600 - ns 

Clock low time TLOW 4700 - 1300 - ns 

SDA and SCL rise time TR - 1000 - 300 ns Note2 

SDA and SCL fall time TF - 300 - 300 ns Note2 

START condition hold time THD:STA 4000 - 600 - ns Alter this period the first 
clock pulse is generated 

START condition setup time TSU:STA 4700 - 600 - ns Only relevant for repeated 
START condition 

Data input hold time THD:DAT 0 - 0 - ns Note 1 

Data input setup time TSU:DAT 250 - 100 - ns 

STOP condition setup time TSU:STO 4000 - 600 - ns 

Output valid from clock TAA - 3500 - 900 ns Note 1 

Bus free time TeUF 4700 - 1300 - ns Time the bus must be free 
before a new transmission 
can start 

Output fall time from VIH min to ToF - 250 20+0.1 250 ns Note 2, Ce~ 100 pF VIL max Ce 

Input filter spike suppression 
(SDA and SCL pins) 

TSP NIA N/A 0 50 ns Note3. 

Write cycle time TWA - 10 - 10 ms Byte or Page mode 

Endurance - 100,(XX) - 100,000 - E/W 1,000,000 typical 
Cycles 

Note 1 : As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 

Note 2: Not 100% tested. Ce= total capacitance of one bus line in pF. 

Note 3: The combined TSP and VHYS specifications are due to new Schmitt trigger inputs which provide improved noise 
spike suppression. This eliminates the need for a Tl specification for standard operation. 

BUS TIMING DATA 

SCL 

SDA 
N 

SDA 
OUT 

© 1994 Microchip Technology Inc. 
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24AA01/02 

FUNCTIONAL DESCRIPTION 

The 24AA01/02 supports a bidirectional two wire bus 
and data transmission protocol. A device that sends 
data onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus has to be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24AA01/02 
works as slave. Both, master and slave can operate as 
transmitter or receiverbutthe master device determines 
which mode is activated. 

BUS CHARACTERISTICS 

The following bus protocol has been defined: 
- Data transfer may be initiated only when the bus is not 

busy. 
- During data transfer, the data line must remain stable 

whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 
a START or STOP condition. 

Accordingly, the following bus conditions have been 
defined (see Figure 1): 

Bus not Busy (A) 

Both data and clock lines remain HIGH. 

Start Data Transfer (B) 

A HIGH to LOW transition of the SDA line while the clock 
(SCL) is HIGH determines a START condition. All 
commands must be preceded by a START condition. 

Stop Data Transfer (C) 

A LOW to HIGH transition of the SDA line while the clock 
(SCL) is HIGH determines a STOP condition. All opera
tions must be ended with a STOP condition. 

Data Valid (D) 

The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 

The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 

Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last 
sixteen will be stored when doing a write operation. 
When an overwrite does occur it will replace data in a first 
in first out fashion. 

Acknowledge 

Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 

Note: The 24AA01/02 does not generate any ac-
knowledge bits if an internal programming 
cycle is in progress. 

The device that acknowledges, has to pull down the SDA 
line during the acknowledge clock pulse in such a way 
thatthe SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. A 
master must signal an end of data to the slave by not 
generating an acknowledge bit on the last byte that has 
been clocked out of the slave. In this case, the slave 
must leave the data line HIGH to enable the master to 
generate the STOP condition. 

FIGURE 1 - DATA TRANSFER SEQUENCE ON THE SERIAL BUS 

(A) (B) 
SCL --+---+~ 

SDA 

START CONDITION 
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ADDRESS DATA ALLOWED 
OR TO CHANGE 

ACKNOWLEDGE 
VALID 
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BUS CHARACTERISTICS 

Slave Address 

The 24AA01/02 are software-compatible with older 
devices such as 24C01 A, 24C02A, 24LC01, and 
24LC02. A single 24AA02 can be used in place of two 
24LC01's, for example, without any modifications to 
software. The "chip select" portion of the control byte 
becomes a don't care. 

After generating a START condition, the bus master 
transmits the slave address consisting of a 4-bit 
device code (1010) for the 24AA01/02, followed by 
three don't care bits. 

The eighth bit of slave address determines if the 
master device wants to read or write to the 24AA01/ 
02 (see Figure 2). 

The 24AA01/02 monitors the bus for its correspond
ing slave address all the time. It generates an 
acknowledge bit if the slave address was true and it 
is not in a programming mode. 

Operation Control Code Chip Select RiW 
Read 1010 xxx 1 

Write 1010 xxx 0 

FIGURE 2-CONTROL BYTE ALLOCATION 

START READ/WRITE 

/ 
I : S:LAV~ AD~RESf 

I 
I 

I 
I 

f 
1 I 0 I 1 I 0 

x 

X =dent care 

FIGURE 3 - BYTE WRITE 
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T 

BUS ACTIVITY: A 
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BUS ACTIVITY: 
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24AA01/02 

WRITE OPERATION 

Byte Write 

Following the start signal from the master, the device 
code (4 bits), the don't care bits (3 bits), and the RiW bit 
which is a logic low is placed onto the bus by the master 
transmitter. This indicates to the addressed slave re
ceiver that a byte with a word address will follow after it 
has generated an acknowledge bit during the ninth clock 
cycle. Therefore the next byte transmitted by the master 
is the word address and will be written into the address 
pointer of the 24AA01/02. After receiving another ac
knowledge signal from the 24AA01/02 the master de
vice will transmit the data word to be written into the 
addressed memory location. The 24AA01/02 acknowl
edges again and the master generates a stop condition. 
This initiates the internal write cycle, and during this time 
the 24AA01/02 will not generate acknowledge signals 
(see Figure 3). 

Page Write 

The write control byte, word address and the first data 
byte are transmitted to the 24AA01/02 in the same way 
as in a byte write. But instead of generating a stop 
condition the master transmits up to eight data bytes to 
the 24AA01/02 which are temporarily stored in the on
chip page buffer and will be written into the memory after 
the master has transmitted a stop condition. After the 
receipt of each word, the three lower order address 
pointer bits are internally incremented by one. The 
higher order five bits of the word address remains 
constant. If the master should transmit more than eight 
words prior to generating the stop condition, the address 
counter will roll over and the previously received data will 
be overwritten. As with the byte write operation, once 
the stop condition is received an internal write cycle will 
begin (see Figure 5). 

WORD 
ADDRESS DATA 

s 
T 
0 
p 
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24AA01/02 

ACKNOWLEDGE POLLING 

Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com
mand has been issued from the master, the device 
initiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte for 
a write command (RiW = 0). llthe device is still busy with 
the write cycle, then no ACK will be returned. If the cycle 
is complete, then the device will return the ACK and the 
master can then proceed with the next read or write 
command. See Figure 4 for flow diagram. 

FIGURE 4 - ACKNOWLEDGE POLLING FLOW 

Send 
Write Command 

Send Stop 
Condition to 

Initiate Write Cycle 

Send Start 

Send Control Byte 
with RlW= O 

Next 
Operation 

FIGURE 5 - PAGE WRITE 

s 
T 

BUS ACTIVITY: A 
MASTER R 

CONTROL 
BYTE T-----

WORD 
ADDRESS(n) 

WRITE PROTECTION 

The 24AA01/02 can be used as a serial ROM when the 
WP pin is connected to Vee. Programming will be 
inhibited and the entire memory will be write-protected. 

READ OPERATION 

Read operations are initiated in the same way as write 
operations with the exception that the RiW bit of the 
slave address is set to one. There are three basic types 
of read operations: current address read, random read, 
and sequential read. 

Current Address Read 

The 24AA01/02 contains an address counter that main
tains the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n, the 
next current address read operation would access data 
from address n + 1. Upon receipt of the slave address 
with R!W bit set to one, the 24AA01/02 issues an 
acknowledge and transmits the eight bit data word. The 
master will not acknowledge the transfer but does gen
erate a stop condition and the 24AA01 /02 discontinues 
transmission (see Figure 6). 

Random Read 

Random read operations allow the master to access any 
memory location in a random manner. To perfonn this 
type of read operation, first the word address must be 
set. This is done by sending the word address to the 
24AA01/02 as part of a write operation. Afterthe word 
address is sent, the master generates a start condition 
following the acknowledge. This terminates the write 
operation, but not before the internal address pointer is 
set. Then !!:!_e master issues the control byte again but 
with the R/W bit set to a one. The 24AA01/02 will then 
issue an acknowledge and transmits the eight bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24AA01/02 
discontinues transmission (see Figure 7). 

DATAn DATAn+1 
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T 

DATAn+7 0 
p 
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FIGURE 6 - CURRENT ADDRESS READ 

BUS ACTIVITY: 
MASTER 

SDA LINE 

BUS ACTIVITY: 

FIGURE 7 - RANDOM READ 
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24AA01/02 

Sequential Read 

Sequential reads are initiated in the same way as a 
random read exceptthat after the 24AA01 /02 transmits 
the first data byte, the master issues an acknowledge as 
opposed to a stop condition in a random read. This 
directs the 24AA01/02 to transmit the next sequentially 
addressed 8 bit word (see Figure 8). 

To provide sequential reads the 24AA01 /02 contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. 

Noise Protection 

The 24AA01/02 employs a Vee threshold detector 
circuit which disables the internal erase/write logic if the 
Vee is below 1.5 volts at nominal conditions. 

The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 

FIGURE 8 - SEQUENTIAL READ 

BUS ACTIVITY: CONTROL 
MASTER BYTE 

A 
c 
K 

PIN DESCRIPTIONS 

SDA Serial Address/Data Input/Output 

This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. It is an open drain 
terminal, therefore the SDA bus requires a pullup resis
tor to Vee (typical 10KQ for 100 KHz, 1Kfor400 KHz). 

For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are reserved 
for indicating the START and STOP conditions. 

SCL Serial Clock 

This input is used to synchronize the data transfer from 
and to the device. 

This pin must be connected to either Vss or Vee. 

lftied to Vss, normal memory operation is enabled (read/ 
write the entire memory). 

If tied to Vee, WRITE operations are inhibited. The 
entire memory will be write-protected. Read operations 
are not affected. 

This feature allows the user to use the 24AA01 /02 as a 
serial ROM when WP is enabled (tied to Vee). 

AO. A1. A2 

These pins are not used by the 24AAO 1 /02. They may 
be left floating or tied to either Vss or Vee. 
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24AA01/02 

NOTES 

.. 
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24AA01/02 

SALES AND SUPPORT 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the listed 
sales offices below or contact corporate headquarters for the representative or distributor in your area. 

PART NUMBERS 

24AA01 - IP 

TIL 
~ 

PACKAGE: 

TEMPERATURE 
RANGE: 

I DEVICE: 

DS21052C-page 10 
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PLASTIC DIP 
PLASTiC SOiC 1·;50 mii Bodyj, 8-Lead 
PLASTIC SOIC 207 mil Body), 8-Lead 

o· c 1o+10· c 

1.SV, 1 K CMOS Serial EEPROM 
1.BV. 1 K CMOS Serial EEPROM (in Tape and Reel form) 
1.8V, 2K CMOS Serial EEPROM 
1.8V, 2K CMOS Serial EEPROM (in Tape and Reel form) 
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MICROCHIP 24LC04B/08B 
4K/8K 2.SV CMOS Serial EEPROMs 

FEATURES 

• Single supply with operation down to 2.5V 

• Low power CMOS technology 

- 1 mA active current typical 

- 10 µA standby current typical at 5.5V 

- 5 µA standby current typical at 3.0V 

• Organized as two or four blocks of 256 bytes 
(2 x 256 x 8) and (4 x 256 x 8) 

• Two wire serial interface bus, 12C™ compatible 

• Schmitt trigger, filtered inputs for noise suppression 

• Output slope control to eliminate ground bounce 

• 100 KHz {2.5V) and 400 KHz (5V) compatibility 

• Self-timed write cycle (including auto-erase) 

• Page-write buffer for up to 16 bytes 

• 2 ms typical write cycle time for page-write 

• Hardware write protect for entire memory 

• Can be operated as a serial ROM 

• Factory programming (OTP) available 

• ESD protection > 4,000V 

• 1,000,000 ERASE/WRITE cycles (typical) 

• Data retention > 40 years 

• 8-pin DIP, 8-lead or 14-lead SOIC packages 

• Available for extended temperature ranges 

- Commercial: 0°C to +70°C 

- Industrial: -40°C to +85°C 

PIN CONFIGURATION 

DIP Package 8-SOIC Package 

AO 8 Vee AD 8 

A1 2 7 WP A1 2 7 

A2 3 6 SCL A2 3 6 

Vss 4 5 SDA Vss 5 

12C is a trademark of Philips Corporation 

@1994 Microchip Technology Inc. 
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DESCRIPTION 

The Microchip Technology Inc. 24LC04B/08B is a4K-or 
SK-bit Electrically Erasable PROM. The device is orga
nized as two or four blocks of 256 x 8 bit memory with a 
two wire serial interface. Low voltage design permits 
operation down to 2.5 volts with standby and active 
currents of only 5 µA and 1 mA respectively. /file 
24LC04B/08B also has a page-write capability for up to 
16 bytes of data. The 24LC04B/08B is available in the 
standard8-pin DIP and both 8-leadand 14-leadsurface 
mount SOIC packages. 

BLOCK DIAGRAM 

SOA SCl 

vcc 0-
vss 0--

.------HV GENERATOR 

EEPROM ARRAY 
(2 x256 x 8) or 
(4X256X8) 

PAGE LATCHES 

YDEC 

SENSE AMP 
R/WCONTROL 

14-SOIC Package 

NC 14 NC 

AO 2 13 Vee 

A1 3 12 WP 
Vee 

NC 4 11 NC 

WP 5 A2 10 SCL 

SCL Vss 6 9 SDA 

SDA NC 7 8 NC 
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24LC04B/08B 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings• 

Vee ..................................................................... 7.0V 
All inputs and outputs w.r.t. Vss ... -0.3V to Vee + 1.0V 
Storage temperature ....................... -ss·c to + 1 so·c 
Ambient temp. with power applied ..... -ss·c to + 125·c 
Soldering temperature of leads (10 seconds) .. +300'C 
ESD protection on all pins ................................. ~ 4 kV 

*Notice: Stresses above those listed under "Maximum ratings' may 
cause permanent damage ID the device. This is a stress rating only and 
functional operation of the device at those or any other conditions above 
those indicated in the operational listings of this specification is not 
implied. Exposure to mmdmum rating conditions for extended period& 
may affect device reliability. 

DC CHARACTERISTICS 

Parameter Symbol 

WP, SCL and SDA pins: 

Min 

High level input voltage VIH .7Vcc 

Low level input voltage VIL -
Hysteresis of Schmitt trigger inputs VHYS 0.05 Vee 

Low level output voltage VOL -
Input leakage current Ill -10 

Output leakage current ILO -10 

Internal capacitance CINT -
(all inputs/outputs) 

Operating current Ice WRITE -
Ice READ -

Standby current Ices -
-

PIN FUNCTION TABLE 

Name Function 

Vss Ground 

SDA Serial Address/Data VO 

SCL Serial Clock 

WP Write Protect Input 

Vee +2.5V to 5.5V Power Supply 

AO,A1,A2 No Internal Connection 

Vee = +2.5V to +5.5V 
Commercial (C): Tamb = O'Cto+70'C 
Industrial (I) : Tamb = -40'C to +85'C 

Max Units Conditions 

- v 
.3Vec v 

- v Note 1 

.40 v IOL = 3.0 mA, Vee= 2.5V 

10 µA VIN= .1Vto Vee 

10 µA VOUT= .1Vto Vee 

10 pF Vee= 5.0V (Note 1) 
Tamb = 25'C, FCLK= 1 MHz 

3 mA VCC=5.5V 
SCL=400KHz 

1 mA 

30 µA VCC=3.0V 
SDA = SCL = Vee 

100 µA Vcc=5.5V 
SDA = SCL = Vee 

Note 1: This parameter is periodically sampled and not 100% tested. 

BUS TIMING START/STOP 

VHYS 

SCL---'"' 
THD:STA 

Tsu:STA Tsu:STO 

- -START STOP 
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24LC048/088 

STANDARD Vee = 4.5·5.5V 
AC CHARACTERISTICS MODE FAST MODE 

Parameter Symbol Min Max Min Max Units Remarks 

Clock frequency FCLK 0 100 0 400 kHz 

Clock high time THIGH 4000 - 600 - ns 
.ii 

Clock low time TLOW 4700 - 1300 - ns 

SDA and SCL rise time TR - 1000 - 300 ns Note 2 

SDA and SCL fall time TF - 300 - 300 ns Note 2 

START condition hold time THD:STA 4000 - 600 - ns After this period the first 
clock pulse is generated 

START condition setup time TSU:STA 4700 - 600 - ns Only relevant for repeated 
START condition 

Data input hold time THD:DAT 0 - 0 - ns 

Data input setup time TSU:DAT 250 - 100 - ns 

STOP condition setup time TSU:STO 4000 - 600 - ns 

Output valid from clock TAA - 3500 - 900 ns Note 1 

Bus free time TBUF 4700 - 1300 - ns Time the bus must be free 
before a new transmission 
can start 

Output fall time from VIH min TOF - 250 20 +0.1 250 ns Note 2, Cs~ 100 pF to VIL max CB 

Input filter spike suppression 
(SDA and SCL pins) 

TSP N/A N/A 0 50 ns Note3 

Write cycle time TWR - 10 - 10 ms Byte or Page mode 

Endurance - 100,000 - 100,000 - E/W 1,000,000 typical 
Cycles 

Note 1: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 

Note 2: Not 100% tested. CB = total capacitance of one bus line in pF. 

Note 3: The combined TSP and VHYS specifications are due to new Schmitt trigger inputs which provide improved noise 
and spike suppression. This eliminates the need for a Tl specification for standard operation. 

BUS TIMING DATA 

SCL 

SDA 
N 

SDA 
OUT 
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24LC048/088 

FUNCTIONAL DESCRIPTION 

The 24LC04B/08B supports a bidirectional two wire bus 
and data transmission protocol. A device that sends 
data onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus has to be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24LC04B/08B 
works as slave. Both, master and slave can operate as 
transmitter or receiver but the master device determines 
which mode is activated. 

The following bus protocol has been defined: 

- Data transfer may be initiated only when the bus is not 
busy. 

- During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 
a START or STOP condition. 

Accordingly, the following bus conditions have been 
defined (see Figure 1): 

Bus not Busy (A) 

Both data and clock lines remain HIGH. 

Start Data Transfer (B) 

A HIGH to LOW transition of the SDA line while the clock 
(SCL) is HIGH determines a START condition. All 
commands must be preceded by a START condition. 

Stop Data Transfer (C) 

A LOW to HIGH transition of the SDA line while the clock 
(SCL) is HIGH determines a STOP condition. All opera
tions must be ended with a STOP condition. 

Data Valid (Dl 

The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 

The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 

Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the ST ART and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last 
sixteen will be stored when doing a write operation. 
When an overwrite does occur it will replace data in a first 
in first out fashion. 

Acknowledge 

Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 

Note: The 24LC04B/08B does not generate any 
acknowledge bits if an internal program
ming cycle is in progress. 

The device that acknowledges, has to pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. A 
master must signal an end of data to the slave by not 
generating an acknowledge bit on the last byte that has 
been clocked out of the slave. In this case, the slave 
must leave the data line HIGH to enable the master to 
generate the STOP condition. 

FIGURE 1 - DATA TRANSFER SEQUENCE ON THE SERIAL BUS 
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DS210518-page 4 

(D) 

ADDRESS DATA ALLOWED 
OR TO CHANGE 

ACKNOWLEDGE 
VALID 

5-36 

(D) (C) (A) 

STOP 
CONDITION 

© 1994 Microchip Technology Inc. 



BUS CHARACTERISTICS 

Device Addressina and Operation 

A control byte is the first byte received following the start 
condition from the master device. The control byte 
consists of a four bit control code, for the 24LC048/088 
this is set as 1010 binary for read and write operations. 
The next three bits of the control byte arethe block select 
bits(82, 81, BO). 82isadon'tcareforboththe24LC048 
and 24LC088; 81 is a don't care for the 24LC048. They 
are used by the master device to select which of the two 
or four 256 word blocks of memory are to be accessed. 
These bits are in effect the most significant bits of the 
word address. 

The last bit of the control byte defines the operation to be 
performed. When set to one a read operation is se
lected, when set to zero a write operation is selected. 
Following the start condition, the 24LC04B/088 moni
tors the SDA bus checking the device type identifier 
being transmitted, upon a 1010 code the slave device 
outputs an acknowledge signal on the SDA line. De
pending on the state of the RIW bit, the 24LC048/088 
will select a read or write operation. 

Operation Control Code Block Select R/W 

Read 1010 Block Address 1 

Write 1010 Block Address 0 

FIGURE 2 - CONTROL BYTE ALLOCATION 

START 

/ 
I : 

X = Don't care. 81 is don't care for 24LC048. 

FIGURE 3 - BYTE WRITE 
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WRITE OPERATION 

Byte Write 

Following the start condition from the master, the device 
code (4 bits), the block address (3 bits), and the RJW bit 
which is a logic low is placed onto the bus by the master 
transmitter. This indicates to the addressed slave re
ceiver that a byte with a word address will follow after it 
has generated an acknowledge bit during the ninth clock 
cycle. Therefore the next byte transmitted by the master 
is the word address and will be written into the address 
pointer of the 24LC04B/088. After receiving another 
acknowledge signal from the 24LC04B/088 the master 
device will transmit the data word to be written into the 
addressed memory location. The 24LC04B/088 ac
knowledges again and the master generates a stop 
condition. This initiates the internal write cycle, and 
during this time the 24LC04B/08B will not generate 
acknowledge signals (see Figure 3). 

Page Write 

The write control byte, word address and the first data 
byte are transmitted to the 24LC04B/088 in the same 
way as in a byte write. But instead of generating a stop • 
condition the master transmits up to sixteen data bytes 
to the 24LC04B/088 which are temporarily stored in the 
on-chip page buffer and will be written into the memory 
after the master has transmitted a stop condition. After 
the receipt of each word, the four lower order address 
pointer bits are internally incremented by one. The 
higher order seven bits of the word address remains 
constant. If the master should transmit more than 
sixteen words prior to generating the stop condition, the 
address counter will roll over and the previously received 
data will be overwritten. As with the byte write operation, 
once the stop condition is received an internal write cycle 
will begin (see Figure 5). 

WORD 
ADDRESS DATA 

s 
T 
0 
p 
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24LC048/088 

ACKNOWLEDGE POLLING 

Since the device will not acknowledge during a write 
cycle, this can be used to detennine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com
mand has been issued from the master, the device 
initiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte for 
a write command (RJW = 0). If the device is still busy with 
the write cycle, then no ACK will be returned. If the cycle 
is complete, then the device will return the ACK and the 
master can then proceed with the next read or write 
command. See Figure 4 for flow diagram. 

FIGURE 4 ·ACKNOWLEDGE POLLING FLOW 

Send 
Write Command 

Send Stop 
Condition to 

Initiate Write Cycle 
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Send Control Byte 
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Operation 

FIGURE 5 ·PAGE WRITE 
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WRITE PROTECTION 

The 24LC04B/08B can be used as a serial ROM when 
the WP pin is connected to Vee. Programming will be 
inhibited and the entire memory will be write-protected. 

READ OPERATION 

Read operations are initiated in the same way as write 
operations with the exception that the R!W bit of the 
slave address is set to one. There are three basic types 
of read operations: current address read, random read, 
and sequential read. 

Current Address Read 

The 24LC04B/08B contains an address counter that 
maintains the address of the last word accessed, inter
nally incremented by one. Therefore, if the previous 
access (either a read or write operation) was to address 
n, the next current address read operation would access 
data from address n + 1. Upon receipt of the slave 
address with R!W bit set to one, the 24LC04B/08B 
issues an acknowledge and transmits the eight bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24LC04B/08B 
discontinues transmission (see Figure 6). 

Random Read 

Random read operations allow the master to access any 
memory location in a random manner. To perfonn this 
type of read operation, first the word address must be 
set. This is done by sending the word address to the 
24LC04B/08B as part of a write operation. After the 
word address is sent, the master generates a start 
condition following the acknowledge. This tenninates 
the write operation, but not before the internal address 
pointer is set. Then !!J..e master issues the control byte 
again but with the R/W bit set to a one. The 24LC04B/ 
08B will then issue an acknowledge and transmits the 
eight bit data word. The master will not acknowledge the 
transfer but does generate a stop condition and the 
24LC04B/08B discontinues transmission (see Figure 
7). 
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FIGURE 6 - CURRENT ADDRESS READ 
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FIGURE 7 - RANDOM READ 
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24LC04B/088 

Sequential Read 

Sequential reads are initiated in the same way as a 
random read except that after the 24LC04B/08B trans
mits the first data byte, the master issues an acknowl
edge as opposed to a stop condition in a random read. 
This directs the 24LC04B/08B to transmit the next 
sequentially addressed 8 bit word (see Figure 8). 

To provide sequential reads the 24LC04B/08B contains 
an internal address pointer which is incremented by one 
at the completion of each operation. This address 
pointer allows the entire memory contents to be serially 
read during one operation. 

Noise Protection 

The 24LC04B/08B employs a Vee threshold detector 
circuit which disables the internal erase/write logic if the 
Vee is below 1.5 volts at nominal conditions. 

The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 

FIGURE 8 - SEQUENTIAL READ 

A 
BUS ACTIVITY: CONTROL c 
MASTER BYTE K 

:~~n I : 
I 
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A 

PIN DESCRIPTIONS 

SDA Serial Address/Data Input/Output 

This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. It is an open drain 
tenninal, therefore the SDA bus requires a pullup resis
tor to Vee (typical 10Knfor 100 KHz, 1Knfor400 KHz). 

For nonnal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are reserved 
for indicating the ST ART and STOP conditions. 

SCL Serial Clock 

This input is used to synchronize the data transfer from 
and to the device. 

This pin must be connected to either Vss or Vee. 

lftied to Vss, normal memory operation is enabled (read/ 
write the entire memory). 

If tied to Vee, WRITE operations are inhibited. The 
entire memory will be write-protected. Read operations 
are not affected. 

This feature allows the user to use the 24LC04B/08B as 
a serial ROM when WP is enabled (tied to Vee). 

AO. A1.A2 

These pins are not used by the 24LC04B/08B. They 
may be left floating or tied to either Vss or Vee. 
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24LC04B/088 

NOTES 

.. 
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24LC04B/08B 

SALES AND SUPPORT 
To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 

PART NUMBERS 

24LC04B ·IP 

05210518-page 10 

PACKAGE: 

TEMPERATURE 
RANGE: 

i DEVICE: 

p 
SL 
SN 
SM 

Blank 
I 

24LC04B 
24LC04BT 

24LCOBB 
24LCOBBT 

5-42 

PLASTIC DIP 
PLASTIC SOIC (150 mil Body), 14-Lead 
PLASTIC SOIC (150 mil Body), 8-Leed 
PLASTIC SOIC (207 mil Body), 8-Lead 

O"Cto+70"C 
-40"C to +B5"C 

4K CMOS Serial EEPROM 
4K CMOS Serial EEPROM (in Tape and Reel Form) 
BK CMOS Serial EEPROM 
BK CMOS Serial EEPROM (in Tape and Reel Form) 
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MICROCHIP 24AA04/08 
4K/8K 1.8V CMOS Serial EEPROMs 

FEATURES 

• Single supply with operation down to 1.8V 
• Low power CMOS technology 

1 mA active current typical 
- 10 µA standby current typical at 5.5V 
- 3 µA standby current typical at 1.8V 

• Organized as 2 or 4 blocks of 256 bytes 
(2 x 256 x 8) or (4 x 256 x 8) 

• Two wire serial interface bus, l2C™ compatible 
• Schmitt trigger, filtered inputs for noise suppression 
• Output slope control to eliminate ground bounce 
• 100 KHz (1.8V) and 400 KHz (5V) compatibility 
• Self-timed write cycle (including auto-erase) 
• Page-write buffer for up to 16 bytes 
• 2 ms typical write cycle time for page-write 
• Hardware write protect for entire memory 
• Can be operated as a serial ROM 
• Factory programming (QTP) available 
• ESD protection > 4,000V 
• 1,000,000 ERASE/WRITE cycles (typical) 
• Data retention > 40 years 
• 8-pin DIP, 8-lead or 14-lead SOIC packages 
• Available for extended temperature ranges 

- Commercial: o·c to + 70'C 

PIN CONFIGURATION 

DESCRIPTION 

The Microchip Technology Inc. 24AA04/08 is a 4K bit or 
SK bit Electrically Erasable PROM. The device is 
organized as 2 or 4 blocks of 256 x 8 bit memory with a 
two wire serial interface. Low voltage design permits 
operation down to 1.8 volts with standby and active 
currents of only 3 µA and 1 mA respectively. The 
24AA04/08 also has a page-write capability for up to 16 
bytes of data. The 24AA04/08 is available in the stan
dard 8-pin DIP and both 8-lead and 14-lead surface 
mount SOIC packages. 

BLOCK DIAGRAM 

SDA SCL 

Vee 0-
vss 0--

~------. HV GENERATOR 

EEPROM 
ARRAY 

PAGE LATCHES 

YDEC 

SENSE AMP 
R/WCONTROL 

DIP Package 8-SOIC Package 14-SOIC Package 

AO 8 Vee AO 

A1 2 7 WP A1 

A2 3 6 SCL A2 

Vss 4 SDA Vss 

12C is a trademark of Philips Corporation 
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24AA04/08 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings* 
Vee ..................................................................... 7.0V 
All inputs and outputs w.r.t. Vss ..... -0.GV to Vee +1.0V 
Storage temperature ....................... -65°C to +150°C 
Ambient temp. with power applied ..... -65°C to+ 125°C 
Soldering temperature of leads (10 seconds) .. +300°C 
ESD protection on all pins ................................. ~ 4 kV 

•Notice: Stresses above those listed under ''Maximum ratings• may 
cause permanent damage lo the device. This is a stress rating only and 
functional operation of the device at those or any other conditions above 
those indicated in the operational listings of this specification is not 
implied. Exposure to maximum rating conditions for extended periods 
may affect device reliability. 

DC CHARACTERISTICS 

Parameter Symbol Min 

WP, SCl and SDA pins: 
High level input voltage VIH .7Vcc 

low level input voltage VIL -
Hysteresis of Schmitt trigger inputs VHYS 0.05 Vee 

low level output voltage VOL -
Input leakage current lu -10 

Output leakage current ILO -10 

Internal capacitance CINT -
(all inputs/outputs) 

Operating current ICC WRITE -
-

Ice READ -
-

Standby current Ices -
-
-

PIN FUNCTION TABLE 

Name Function 

Vss Ground 

SDA Serial Address/Data 1/0 

SCl Serial Clock 

WP Write Protect Input 

Vee +1.BV to 5.5V Power Supply 

AO, A1, A2 No Internal Connection 

Vee = + 1.BV to +5.5V 
Commercial (C): Tamb = o·c10+1o·c 

Typ Max Units Conditions 

- - v 

- .3Vcc v 

- - v Note 1 

- .40 v IOL = 3.0 mA, Vee= 1.BV 

- 10 µA VIN= .1V to Vee 

- 10 µA Vour = .1Vto Vee 

- 10 pF Vee= 5.0V (Note 1) 
Tamb = 25°C, FCLK = 1 MHz 

- 3 mA Vee= 5.5V, SCl = 400 KHz 
.05 - mA Vee= 1.BV, SCl = 100 KHz 
- 1 mA Vee= 5.5V, SCl = 400 KHz 

0.05 - mA Vee= 1.BV, SCl= 100 KHz 

- 100 µA Vee= 5.5V, SDA=SCl=VCC 
- 30 µA Vee= 3.0V, SDA=SCl=VCC 
3 - µA Vee= 1.8V, SDA=SCl=VCC 

Note 1: This parameter is periodically sampled and not 100% tested. 

BUS TIMING START/STOP 

SCL ----' 

Tsu:STA 

START 

DS210536-page 2 
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24AA04/08 

AC CHARACTERISTICS 
STANDARD Vee = 4.5·5.5V 

MODE FAST MODE 

Parameter Symbol Min Max Min Max Units Remarks 

Clock frequency FCLK 0 100 0 400 kHz 

Clock high time THIGH 4000 - 600 - ns 

Clock low time TLOW 4700 - 1300 - ns 

SDA and SCL rise time TR - 1000 - 300 ns Note2 

SDA and SCL fall time TF - 300 - 300 ns Note2 

START condition hold time THD:STA 4000 - 600 - ns After this period the first 
clock pulse is generated 

START condition setup time TSU:STA 4700 - 600 - ns Only relevant for repeated 
START condition 

Data input hold time THO: DAT 0 - 0 - ns 

Data input setup time TSU:DAT 250 - 100 - ns 

STOP condition setup time TSU:STO 4000 - 600 - ns 

Output valid from clock TAA - 3500 - 900 ns Note 1 

Bus free time TeUF 4700 - 1300 - ns Time the bus must be free 
before a new transmission 
can start 

Output fall time from VIH min TOF - 250 20+0.1 250 ns Note 2, Ce s; 100 pF to V1Lmax Ce 

Input filter spike suppression 
(SDA and SCL pins) 

TSP NIA N/A 0 50 ns Note3 

Write cycle time TwR - 10 - 10 ms Byte or Page mode 

Endurance - 100,000 - 100,000 - E/W 1,000,000 typical 
Cycles 

Note 1: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 

Note 2: Not 100% tested. Ce= total capacitance of one bus line in pF. 

Note 3: The combined TsP and VHYS specifications are due to new Schmitt trigger inputs which provide improved noise 
and spike suppression. This eliminates the need for a Tl specification for standard operation. 

BUS TIMING DATA 

SCL 

SDA 
N 

SDA 
OUT 
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24AA04/08 

FUNCTIONAL DESCRIPTION 

The 24AA04/0B supports a bidirectional two wire bus 
and data transmission protocol. A device that sends 
data onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus has to be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24AA04/08 
works as slave. Both, master and slave can operate as 
transmitter or receiver but the master device detennines 
which mode is activated. 

1:111 I~ t"LI AD A t"TCDl~Tlt"~ 
•"•""" "'' 1rt.1 1r1.v 1 ._, ••v 1 iv-.. 

The following bus protocol has been defined: 
- Data transfer may be initiated only when the bus is not 

busy. 
- During data transfer, the data line must remain stable 

whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 
a START or STOP condition. 

Accordingly," the following bus conditions have been 
defined (see Figure 1): 

Bus not Busy (Al 

Both data and clock lines remain HIGH. 

Start Pata Transfer (S) 

A HIGH to LOW transition of the SDA line while the clock 
(SCL) is HIGH detennines a START condition. All 
commands must be preceded by a START condition. 

Stop Pata Transfer (C) 

A LOW to HIGH transition of the SDA line while the clock 
(SCL) is HIGH detennines a STOP condition. All opera
tions must be ended with a STOP condition. 

Data Valid CD) 

The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 

The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 

Each data transfer is initiated with a START condition 
and tenninated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is detennined by the master device 
and is theoretically unlimited, although only the last 
sixteen will be stored when doing a write operation. 
When an overwrite does occur it will replace data in a first 
in first out fashion. 

Acknowledge 

Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 

Note: The 24AA04/08 does not generate any ac-
knowledge bits if an internal programming 
cycle is in progress. 

The device that acknowledges, has to pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. A 
master must signal an end of data to the slave by not 
generating an acknowledge bit on the last byte that has 
been clocked out of the slave. In this case, the slave 
must leave the data line HIGH to enable the master to 
generate the STOP condition. 

FIGURE 1 - DATA TRANSFER SEQUENCE ON THE SERIAL BUS 
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BUS CHARACTERISTICS 

Device Addressing and Operation 

A control byte is the first byte received following the start 
condition from the master device. The control byte 
consists of a four bit control code, for the 24AA04/08 this 
is set as 101 O binary for read and write operations. The 
next three bits of the control byte are the block select bits 
(62, 61, BO). 62 isadon'tcareforboththe 24AA04 and 
24AA08; B 1 is a don't care for the 24AA04. They are 
used by the master device to select which of the two or 
four 256 word blocks of memory are to be accessed. 
These bits are in effect the most significant bits of the 
word address. 

The last bit of the control byte defines the operation to be 
performed. When set to one a read operation is se
lected, when set to zero a write operation is selected. 
Following the start condition, the 24AA04/08 monitors 
the SDA bus checking the device type identifier being 
transmitted, upon a 1010 code the slave device outputs 
an acknowledge signal on the SDA line. Depending on 
the state of the RIW bit, the 24AA04/08 will select a read 
or write operation. 

Operation Control Code Block Select R/W 

Read 1010 Block Address 1 

Write 1010 Block Address 0 

FIGURE 2- CONTROL BYTE ALLOCATION 

START READ/WRITE 

/ '-...... 
I 

I 
: s:LAV~ AD~RES~ : lR!WI A I 

I \ 
I \ 

I \ 

1· 1 I 0 I 1 I 0 I x 81 I BO ~I 
X = Don't care. 81 is don't care for 24AA04. 

FIGURE 3 - BYTE WRITE 
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WRITE OPERATION 

Bvte Write 

Following the start condition from the master, the device 
code (4 bits), the block address (3 bits), and the RIW bit 
which is a logic low is placed onto the bus by the master 
transmitter. This indicates to the addressed slave re
ceiver that a byte with a word address will follow after it 
has generated an acknowledge bit during the ninth clock 
cycle. Therefore the next byte transmitted by the master 
is the word address and will be written into the address 
pointer of the 24AA04/08. After receiving another ac
knowledge signal from the 24AA04/08 the master de
vice will transmit the data word to be written into the 
addressed memory location. The 24AA04/08 acknowl
edges again and the master generates a stop condition. 
This initiates the internal write cycle, and during this time 
the 24AA04/08 will not generate acknowledge signals 
(see Figure 3). 

Page Write 

The write control byte, word address and the first data 
byte are transmitted to the 24AA04/08 in the same way 
as in a byte write. But instead of generating a stop • 
condition the master transmits up to sixteen data bytes 
to the 24AA04/08 which are temporarily stored in the on-
chip page buffer and will be written into the memory after 
the master has transmitted a stop condition. After the 
receipt of each word, the four lower order address 
pointer bits are internally incremented by one. The 
higher order seven bits of the word address remains 
constant. If the master should transmit more than 
sixteen words prior to generating the stop condition, the 
address counter will roll over and the previously received 
data will be overwritten. As with the byte write operation, 
once the stop condition is received an internal write cycle 
will begin (see Figure 5). 
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24AA04/08 

ACKNOWLEDGE POLLING 

Since the device will not acknowledge during a write 
cycle, this can be used to detennine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com
mand has been issued from the master, the device 
initiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte for 
a write command (RIW = 0). If the device is still busy with 
the write cycle, then no ACK will be returned. If the cycle 
is complete, then the device will return the ACK and the 
master can then proceed \"lith the next read or write 
command. See Figure 4 for flow diagram. 

FIGURE 4 - ACKNOWLEDGE POLLING FLOW 
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WRITE PROTECTION 

The 24AA04/08 can be used as a serial ROM when the 
WP pin is connected to Vee. Programming will be 
inhibited and the entire memory will be write-protected. 

READ OPERATION 

Read operations are initiated in the same way as write 
operations with the exception that the RiW bit of the 
slave address is set to one. There are three basic types 
of read operations: current address read, random read, 
and sequential read. 

Current Address Read 

The 24AA04/08 contains an address counter that main
tains the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n, the 
next current address read operation would access data 
from address n + 1. Upon receipt of the slave address 
with R!W bit set to one, the 24AA04/08 issues an 
acknowledge and transmits the eight bit data word. The 
master will not acknowledge the transfer but does gen
erate a stop condition and the 24AA04/08 discontinues 
transmission (see Figure 6). 

Random Read 

Random read operations allow the masterto access any 
memory location in a random manner. To perfonn this 
type of read operation, first the word address must be 
set. This is done by sending the word address to the 
24AA04/08 as part of a write operation. After the word 
address is sent, the master generates a start condition 
following the acknowledge. This tenninates the write 
operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but 
with the R!W bit set to a one. The 24AA04/08 will then 
issue an acknowledge and transmits the eight bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24AA04/08 
discontinues transmission (see Figure 7). 
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FIGURE 6 - CURRENT ADDRESS READ 
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24AA04/08 

Sequential Read 

Sequential reads are initiated in the same way as a 
random read except that after the 24AA04/08 transmits 
the first data byte, the master issues an acknowledge as 
opposed to a stop condition in a random read. This 
directs the 24AA04/08 to transmit the next sequentially 
addressed 8 bit word (see Figure 8). 

To provide sequential reads the 24AA04/08 contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. 

Noise Protection 

The 24AA04/08 employs a Vee threshold detector cir
cuit which disables the internal erase/write logic if the 
Vee is below 1.5 volts at nominal conditions. 

The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 

FIGURE 8 - SEQUENTIAL READ 

PIN DESCRIPTIONS 

SDA Serial Address/Pata Input/Output 

This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. It is an open drain 
terminal, therefore the SDA bus requires a pullup resis
tor to Vee (typical 1 OK.a for 100 KHz, 1Knfor400 KHz). 

For normal data transfer SCA is allowed to change only 
during SCL low. Changes during SCL high are reserved 
for indicating the ST ART and STOP conditions. 

SCL Serial Clock 

This input is used to synchronize the data transfer from 
and to the device. 

This pin must be connected to either vss or Vee. 

lftiedto Vss, normal memory operation is enabled (read/ 
write the entire memory). 

If tied to Vee, WRITE operations are inhibited. The 
entire memory will be write-protected. Read operations 
are not affected. 

This feature allows the user to use the 24AA04/08 as a 
serial ROM when WP is enabled (tied to Vee). 

AO. A1. A2 

These pins are not used by the 24AA04/08. They may 
be left floating or tied to either Vss or Vee. 
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NOTES 
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24AA04/08 

SALES AND SUPPORT 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 

PART NUMBERS 

24AA04 -/ P 

TIL 
~ 

PACKAGE: 

TEMPERATURE 
RANGE: 

l DEVICE: 

0521053B-page 1 O 

p 
SL 
SN 
SM 

Blank 

24AA04 
24AA04T 

24AA08 
24AAOBT 

PLASTIC DIP 
PLASTIC SOIC !150 mil Bodyl, 14-Lead 
PLASTIC SOIC 150 mil Body, B-Lead 
PLASTIC SOIC 207 mil Body , B-Lead 

o·c to +1o·c 

1.BV, 4K CMOS Serial EEPROM 
1.BV, 4K CMOS Serial EEPROM (in Tape and Reel Form) 
1.BV, BK CMOS Serial EEPROM 
1.BV, BK CMOS Serial EEPROM (in Tape and Reel Form) 

iPll'®Oollililollil®ll'W 
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MICROCHIP 24LC16B 
16K 2.SV CMOS Serial EEPROM 

FEATURES 

• Single supply with operation down to 2.5V 
• Low power CMOS technology 

1 mA active current typical 
- 10 µA standby current typical at 5.5V 
- 5 µA standby current typical at 3.0V 

• Organized as 8 blocks of 256 by1es (8 x 256 x 8) 
• Two wire serial interface bus, 12C™ compatible 
• Schmitt trigger, filtered inputs for noise suppression 
• Output slope control to eliminate ground bounce 
• 100 KHz (2.5V) and 400 KHz (5V) compatibility 
• Self-timed write cycle (including auto-erase) 
• Page-write buffer for up to 16 by1es 
• 2 ms typical write cycle time for page-write 
• Hardware write protect for entire memory 
• Can be operated as a serial ROM 
• Factory programming (QTP) available 
• ESD protection > 4,000V 
• 1,000,000 ERASE/WRITE cycles (typical) 
• Data retention > 40 years 
• 8 pin DIP, 8-lead or 14-lead SOIC packages 
• Available for extended temperature ranges 

Commercial: O'C to + 70'C 
- Industrial: -40'C to +85'C 

PIN CONFIGURATION 

DIP Package 8-SOIC Package 

AO 8 

A1 7 

A2. 6 

5 

12C is a trademark of Philips Corporation 

© 1994 Microchip Technology Inc. 
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DESCRIPTION 

The Microchip Technology Inc. 24LC16B is a 16K bit 
Electrically Erasable PROM. The device is organized 
as 8 blocks of 256 x 8 bit memory with a two wire serial 
interface. Low voltage design permits operation 
down to 2.5 volts with standby and active currents of 
only 5 µA and 1 mA respectively. The 24LC16B also 
has a page-write capability for up to 16 by1es of data. 
The 24LC16B is available in the standard 8-pin DIP 
and both 8-lead and 14-lead surface mount SOIC 
packages. 

BLOCK DIAGRAM 

SDA SCL 

Vee~ 

vss~ 

~----- HVGENERATOR 

EEPROM ARRAY 
(8x256x8) 

PAGE LATCHES 

YDEC 

SENSE AMP 
RIWCONTROL 

14-SOIC Package 

NC 14 NC 

AO 2 13 Vee 

A1 3 12 WP 
Vee 
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24LC16B 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings* 

Vee .................................................................... 7.0V 
All inputs and outputs w.r.t. Vss ..... -0.3V to Vee +1.0V 
Storage temperature ....................... -65°C to+ 15o·c 
Ambienttemp. with power applied ..... -ss·c to +125°C 
Soldering temperature of leads (10 seconds) .. +300°C 
ESD protection on all pins ................................. :2: 4 kV 

*Notice: Stresses above those listed under "Maximum ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at those or any other conditions above 
those indicated in the operational listings of this specification is not 
impiied. Ex:potoure to maxir11urfl rating conditions for exter.ded pe1iods 
may affect device reliability. 

DC CHARACTERISTICS 

Parameter Symbol 

WP, SCL and SDA pins: 

Min 

High level input voltage VIH .7Vcc 

Low level input voltage VIL -
Hysteresis of Schmitt trigger inputs VHYS 0.05 Vee 

Low level output voltage VOL -
Input leakage current lu -10 

Output leakage current ILO -10 

Internal capacitance CINT -
(all inputs/outputs) 

Operating current Ice write -
Ice read -

Standby current Ices -
-

PIN FUNCTION TABLE 

Name Function 

Vss Ground 

SDA Serial Address/Data 1/0 

SCL Serial Clock 

WP Write Protect Input 

Vee +2.5V to 5.5V Power Supply 

AO, A1, A2 No Internal Connection 

Vee= +2.5V to +5.5V 
Commercial (C): Tamb= o·cto +1o·c 
Industrial (I) : Tamb = -40°C to +85°C 

Max Units Conditions 

- v 

.3Vcc v 

- v Note 1 

.40 v loL = 3.0 mA, Vee= 2.5V 

10 µA VIN = .1 v to Vee 

10 µA VOUT = .1V to Vee 

10 pf Vee= 5.0V (Note 1) 
Tamb = 25°C, fCLK = 1 MHz 

3 mA VCC=5.5V 
SCL= 400 KHz 

1 mA 

30 µA Vcc=3.0V 
SDA = SCL = Vee 

100 µA Vcc=5.5V 
SDA = SCL = Vee 

Note 1 : This parameter is periodically sampled and not 100% tested. 

BUS TIMING START/STOP 

VHYS 

SCL----
THD:STA 

- -START STOP 

08200700-page 2 © 1994 Microchip Technology Inc. 
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24LC16B 

AC CHARACTERISTICS 
STANDARD Vee = 4.5-5.5V 

MODE FAST MODE 

Parameter Symbol Min Max Min Max Units Remarks 

Clock frequency FCLK 0 100 0 400 kHz 

Clock high time THIGH 4000 - 600 - ns 

Clock low time TLOW 4700 - 1300 - ns 

SDA and SCL rise time TR - 1000 - 300 ns Note2 

SDA and SCL fall time TF - 300 - 300 ns Note2 

START condition hold time THD:STA 4000 - 600 - ns After this period the first 
clock pulse is generated 

START condition setup time TSU:STA 4700 - 600 - ns Only relevant for repeated 
··ST ART condition 

Data input hold time THD:DAT 0 - 0 - ns 

Data input setup time TSU:DAT 250 - 100 - ns 

STOP condition setup time TSU:STO 4000 - 600 - ns 

Output valid from clock TAA - 3500 - 900 ns Note 1 

Bus free time TBUF 4700 - 1300 - ns Time the bus must be free 
before a new transmission 
can start 

Output fall time from VIH min TOF - 250 20 +0.1 250 ns Note 2, CB$; 100 pF 
to VIL max CB 

Input filter spike suppression TSP N/A NIA 0 50 ns Note3 
(SDA and SCL pins) 

Write cycle time TWR - 10 - 10 ms Byte or Page mode 

Endurance - 100,000 - 100,000 - E/W 
Cycles 

Note 1 : As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 

Note 2: Not 100% tested. CB= total capacitance of one bus line in pF. 

Note 3: The combined TSP and VHYs specifications are due to new Schmitt trigger inputs which provide improved noise 
and spike suppression. This eliminates the need for a Ti specification for standard operation. 

BUS TIMING DATA 

SCL 

SDA 
N 

SDA 
OUT 
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24LC168 

FUNCTIONAL DESCRIPTION 

The 24LC168 supports a bidirectional two wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus has to be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
ST ART and STOP conditions, while the 24LC168 works 
as slave. Both, master and slave can operate as 
transmitter or receiver but the master device determines 
which mode is activated. 

BUS CHARACTERISTICS 

The following bus protocol has been defined: 

- Data transfer may be initiated only when the bus is not 
busy. 

- During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 
a START or STOP condition. 

Accordingly, the following bus conditions have been 
defined (see Figure 1 ): 

Bus not Busy <Al 

Both data and clock lines remain HIGH. 

Start Data Transfer CB) 

AH IGH to LOW transition of the SDA line while the clock 
(SCL) is HIGH determines a START condition. All 
commands must be preceded by a START condition. 

~ta Transfer CC) 

A LOW to HIGH transition of the SDA line while the clock 
(SCL) is HIGH determines a STOP condition. All opera
tions must be ended with a STOP condition. 

Data Valid (D) 

The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 

The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 

Each data transfer is initiated with a ST ART condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last 
sixteen wiii be siored when doing a write operaiion. 
When anoverwritedoesoccuritwill replace data ina first 
in first out fashion. 

Acknowledge 

Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 

Note: The 24LC16B does not generate any acknowl-
edge bits if an internal programming cycle is 
in progress. 

The device that acknowledges, has to pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. During 
reads, a master must signal an end of data to the slave 
by NOT generating an acknowledge bit on the last byte 
that has been clocked out of the slave. In this case, the 
slave (24LC168) will leave the data line HIGH to enable 
the master to generate the STOP condition. 

FIGURE 1 - DATA TRANSFER SEQUENCE ON THE SERIAL BUS 
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BUS CHARACTERISTICS 

Device Addressing and Operation 

A control byte is the first byte received following the start 
condition from the master device. The control byte 
consists of a four bit control code, for the 24LC1 SB this 
is set as 1010 binary for read and write operations. The 
next three bits of the control byte are the block select bits 
(B2, B1, BO). They are used by the master device to 
select which of the eight 25S word blocks of memory are 
to be accessed. These bits are in effect the three most 
significant bits of the word address. It should be noted 
that the protocol limits the size of the memory to eight 
blocks of 256 words, therefore the protocol can support 
only one 24LC16B per system. 

The last bit of the control byte defines the operation to be 
performed. When set to one a read operation is se
lected, when set to zero a write operation is selected. 
Following the start condition, the 24LC1SB monitors the 
SDA bus checking the device type identifier being trans
mitted, upon a 1010 code the slave device outputs an 
acknowledge signal on the SDA line. Depending on the 
state of the RNJ bit, the 24LC16B will select a read or 
write operation. 

Operation Control Code Block Select R/W 

Read 1010 Block Address 1 

Write 1010 Block Address 0 

FIGURE 2 - CONTROL BYTE ALLOCATION 

/RT READ/WRITE 
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FIGURE 3 - BYTE WRITE 
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WRITE OPERATION 

Byte Write 

Following the start condition from the master, the device 
code (4 bits), the block address (3 bits), and the RiW bit 
which is a logic low is placed onto the bus by the master 
transmitter. This indicates to the addressed slave re
ceiver that a byte with a word address will follow after it 
has generated an acknowledge bit during the ninth clock 
cycle. Therefore the next byte transmitted by the master 
is the word address and will be written into the address 
pointer of the 24LC1 SB. After receiving another ac
knowledge signal from the 24LC168 the master device 
will transmit the data word to be written into the ad
dressed memory location. The 24LC16B acknowledges 
again and the master generates a stop condition. This 
initiates the internal write cycle, and during this time the 
24LC1SB will not generate acknowledge signals (see 
Figure 3). 

Page Write 

The write control byte, word address and the first data 
byte are transmitted to the 24LC1 SB in the same way as 
in a byte write. But instead of generating a stop condition 
the master transmits up to sixteen data bytes to the 
24LC1SB which are temporarily stored in the on-chip 
page buffer and will be written into the memory after the 
master has transmitted a stop condition. After the 
receipt of each word, the four lower order address 
pointer bits are internally incremented by one. The 
higher order seven bits of the word address remains 
constant. If the master should transmit more than 
sixteen words prior to generating the stop condition, the 
address counter will roll over andthe previously received 
data will be overwritten. As with the byte write operation, 
once the stop condition is received an internal write cycle 
will begin (see Figure 5). 

WORD 
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24LC168 

ACKNOWLEDGE POLLING 
Since the device will not acknowledge during a write 
cycle, this can be Used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com
mand has been issued from the master, the device 
initiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte for 
awritecommand(RiW=O). lfthedaviceisstillbusywith 
the write cycle, then no ACK will be returned. If the cycle 
is complete, then the device will return the ACK and the 
master can then proceed with the next read or write 
command. See Figure 4 for flow diagram. 

FIGURE 4 ·ACKNOWLEDGE POLLING FLOW 
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WRITE PROTECTION 

The 24LC16B can be used as a serial ROM when the 
WP pin is connected to Vee. Programming will be 
inhibited and the entire memory will be write-protected. 

READ OPERATION 
Read operations are Initiated in the same way as write 
operations with the exception that the RiW bit of the 
slave address is set to one. There are three basic types 
of read operations: current address read, random read, 
and sequential read. 

Current Addre11 Bead 

The 24LC16B contains an address cc>unter that main
tains the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n, the 
next current address read operation would access data 
from address n + 1. Upon receipt of the slave address 
with RIW bit setto one, the 24LC168 issues an acknowl
edge and transmits the eight bit data word. The master 
will not acknowledge the transfer but does generate a 
stop condition and the 24LC16B discontinues transmis
sion (see Figure 6). 

Random Read 

Random read operations allow the masterto access any 
memory, location in a random manner. To perform this 
type of read operation, first the word address must be 
set. This is done by sending the word address to the 
24LC16B as part of a write operation. After the word 
address is sent, the master generates a start condition 
following the acknowledge. This terminates the write 
operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but 
with the RIW bit set to a one. The 24LC168 will then 
issue an acknowledge and transmits the eight bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24LC16B dis
continues transmission (see Figure 7). 
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FIGURE 6 - CURRENT ADDRESS READ 
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FIGURE 7 - RANDOM READ 
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24LC168 

Sequential Read 

Sequential reads are initiated in the same way as a 
random read except that after the 24LC168 transmits 
the first data byte, the master issues an acknowledge as 
opposed to a stop condition in a random read. This 
directs the 24LC168 to transmit the next sequentially 
addressed 8 bit word (see Figure 8). 

To provide sequential reads the 24LC168 contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. 

Noise Protection 

The 24LC168 employs a Vee threshold detector circuit 
which disables the internal erase/write logic if the Vee is 
below 1.5 volts at nominal conditions. 

The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 

FIGURE 8 - SEQUENTIAL READ 
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PIN DESCRIPTIONS 

SDA Serial Address/Data lnpuVOutcut 

This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. It is an open drain 
tenninal, therefore the SDA bus requires a pullup resis
tor to Vee (typical 1 OK.a for 100 KHz, 1 Kn for 400 KHz). 

For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are reserved 
for indicating the START and STOP conditions. 

SCL Serial Clock 

TI.is input is used to synchronize the data transier from 
and to the device. 

This pin must be connected to either Vss or Vee. 

If tied to Vss, nonnal memory operation is enabled (read/ 
write the entire memory 000-7Ff). 

If tied to Vee, WRITE operations are inhibited. The 
entire memory will be write-protected. Read operations 
are not affected. 

This feature allows the user to use the 24LC168 as a 
serial ROM when WP is enabled (tied to Vee). 

AO. A1. A2 

These pins are not used by the 24LC168. They may be 
left floating or tied to either Vss or Vee. 
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24LC16B 

NOTES 

• 
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24LC16B 

SALES AND SUPPORT 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 

PART NUMBERS 

24LC16B-/ P 

TIL 
~ 

PACKAGE: 

TEMPERATURE 
RANGE: 

l DEVICE: 

DS20070D-page 1 o 

p 
SL 
SN 
SM 

Blank 
I 

PLASTIC DIP 
PLASTIC SOIC (150 mil Body), 14-Lead 
PLASTIC SOIC (150 mil Body), 8-Lead 
PLASTIC SOIC (207 mil Body), 8-Lead 

O"Cto+70°C 
-40'C to +85'C 

24LC16B 16K CMOS Serial EEPROM 
24LC168T 16K CMOS Serial EEPROM (in Tape and Reel Form) 

© 1994 Microchip Technology Inc. 

5-62 



MICROCHIP 24C08B/16B 
8K/16K 5V E-Temperature Serial EEPROMs 

FEATURES 

• Single supply with operation from 4.5-5.5V 
• Low power CMOS technology 

- 1 mA active current typical 
- 1 O µA standby current typical at 5.5V 

• Organized as 4 or 8 blocks of 256 bytes (4 x 256 x 8) 
or (8 x 256 x 8) 

• Two wire serial interface bus, 12C compatible 
• Schmitt trigger, filtered inputs for noise suppression 
• Output slope control to eliminate ground bounce 
• 100 KHz compatibility 
• Self-timed write cycle (including auto-erase) 
• Page-write buffer for up to 16 bytes 
• 2 ms typical write cycle time for page-write 
• Hardware write protect for entire memory 
• Can be operated as a serial ROM 
• Factory programming (OTP) available 
• ESD protection > 4,000V 
• 1 OOK ERASE/WRITE cycles (typical) 
• Data retention > 40 years 
• 8 pin DIP, 8-lead or 14-lead SOIC packages 
• Available for extended temperature range 

- Automotive: -40"C to +125"C 

PIN CONFIGURATION 

DESCRIPTION 

The Microchip Technology Inc. 24C08B/16B is an SK/ 
16K bit Electrically Erasable PROM intended for use 
in extended/automotive temperature ranges. The 
device is organized as 4 or 8 blocks of 256 x 8 bit 
memory with a two wire serial interface. The 24C08B/ 
168 also has a page-write capability for up to 16 bytes 
of data. The 24C08B/16B is available in the standard 
8-pin DIP and both 8-lead and 14-lead surface mount 
SOIC packages. 

BLOCK DIAGRAM 

SDA SCL 

Vee 0-
VSS 0--

------' HV GENERATOR 

EE PROM 
ARRAY 

PAGE LATCHES 

YDEC 

SENSE AMP 
R/WCONTROL 

DIP Package 8-SOIC Package 14-SOIC Package 

NC 
14 NC 

AO 2 13 Vee 

AO 8 Vee AO 8 Vee A1 12 WP 

NC 4 11 NC 
A1 2 7 WP A1 2 7 WP 

A2 5 10 SCL 
A2 3 6 SCL A2 3 6 SCL 

Vss 6 9 SDA 

Vss 4 5 SDA 4 5 SDA NC 7 8 NC 

12C is a trademark of Philips Corporation 
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24C08B/16B 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings* 

Vee .................................................................... 7.0V 
All inputs and outputs w.r.t. Vss ..... -0.6V to Vee + 1.0V 
Storage temperature ....................... -65°C to +150°C 
Ambient temp. with power applied ..... -65°C to + 125·c 
Soldering temperature of leads (10 seconds) .. +300°C 
ESD protection on all pins ................................. ;;:; 4 kV 

0 Notice: Stresses above those listed under "Maximum ratings• may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at those or any other conditions above 
those indicated in the operational listings of this specification is not 
impiied. Exposure io maximum rating conditions tor extended periods 
may affect device reliability. 

DC CHARACTERISTICS 

Parameter Symbol Min 

WP, SCL and SDA pins: 
High level input voltage VIH .7Vcc 

Low level input voltage VIL -
Hysteresis of Schmitt trigger inputs VHYS 0.05 Vee 

Low level output voltage VOL -

Input leakage current Ill -10 

Output leakage current ILO -10 

Internal capacitance CINT -
(all inputs/outputs) 

Operating current Ice write -

Ice read -

Standby current Ices -

PIN FUNCTION TABLE 

Name Function 

Vss Ground 

SDA Serial Address/Data 1/0 

SCL Serial Clock 

WP Write Protect Input 

Vee +4.5V to 5.5V Power Supply 

AO, A1, A2 No Internal Connection 

Vee = +4.5V to +5.5V 
Automotive (I) : Tamb = -4o·c to+ 125·c 

Max Units Conditions 

- v 

.3Vcc v 

- v Note 1 

.40 v IOL = 3.0 mA, Vee = 4.5V 

10 µA VIN= .1 v to Vee 

10 µA Vour = .1V to Vee 

10 pF Vee = 5.0V (Note 1) 
Tamb = 25°C, FCLK = 1 MHz 

3 mA Vee=5.5V 
SCL=400KHz 

1 mA 

100 µA Vee=5.5V 
SDA = SCL = Vee 

Note 1: This parameter is periodically sampled and not 100% tested. 

BUS TIMING START/STOP 

VHYS 

SCL---J 
THD:STA 

TSU:STA Tsu:STO 

SDA -------,,......1 

START STOP 

DS21081A-page 2 © 1994 Microchip Technology Inc. 
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24C08B/16B 

AC CHARACTERISTICS 

Parameter Symbol Min Max Units Remarks 

Clock frequency FCLK 0 100 kHz 

Clock high time THIGH 4000 - ns 

Clock low time TLOW 4700 - ns 

SDA and SCL rise time TR - 1000 ns Note2 

SDA and SCL fall time TF - 300 ns Note2 

START condition hold time THD:STA 4000 - ns After this period the first 
clock pulse is generated 

START condition setup time TSU:STA 4700 - ns Only relevant for repeated 
ST ART condition 

Data input hold time THD:DAT 0 - ns 

Data input setup time TSU:DAT 250 - ns 

STOP condition setup time TSU:STO 4000 - ns 

Output valid from clock TAA - 3500 ns Note 1 

Bus free time TeuF 4700 - ns Time the bus must be free 
before a new transmission 
can start 

Output fall time from V1H min to 
VIL max 

TOF - 250 ns Note 2, Ce s 100 pF 

Input filter spike suppression 
(SDA and SCL pins) 

TSP NIA N/A ns Note3 

Write cycle time TWR - 10 ms Byte or Page mode 

Endurance - 10,000 - E/W 
Cycles 

Note 1: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 

Note 2: Not 100% tested. Ce= total capacitance of one bus line in pF. 

Note 3: The combined TSP and VHYS specifications are due to new Schmitt trigger inputs which provide improved noise 
and spike suppression. This eliminates the need for a Tl specification. 

BUS TIMING DATA 

SCL 

SDA 
N 

SDA 
OUT 

C 1994 Microchip Technology Inc. 
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24C08B/16B 

FUNCTIONAL DESCRIPTION 

The 24C08B/16B supports a bidirectional two wire bus 
and data transmission protocol. A device that sends 
data onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus has to be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24C088/16B 
works as slave. Both, master and slave can operate as 
transmitter or receiver but the master device determines 
which mode is activated. 

RI IC: 1'1-1.IU:~Al'TC'QIC::Tll'C:: 
--- -• • ...,., • ..-..- • -• ••- • •V-

The following bus protocol has been defined: 

- Data transfer may be initiated only when the bus is not 
busy. 

- During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 
a START or STOP condition. 

Accordingly, the following bus conditions have been 
defined (see Figure 1): 

Bus not Busy (A) 

Both data and clock lines remain HIGH. 

Start Data Transfer (B) 

A HIGH to LOW transition of the SDA line while the clock 
(SCL) is HIGH determines a START condition. All 
commands must be preceded by a START condition. 

Stop Data Transfer (C) 

A LOW to HIGH transition of the SDA line while the clock 
(SCL) is HIGH determines a STOP condition. All opera
tions must be ended with a STOP condition. 

Data Valid (D) 

The state of the data line represents valid data when, 
after a ST ART condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 

The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 

Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last 
sixteen will be stored when doing a write operation. 
When an overwrite does occur it will replace data in a first 
in first out fashion. 

Acknowledge 

Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 

Note: The 24COBB/16B does not generate any ac-
knowledge bits if an internal programming 
cycle is In progress. 

The device that acknowledges, has to pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. During 
reads, a master must signal an end of data to the slave 
by NOT generating an acknowledge bit on the last byte 
that has been clocked out of the slave. In this case, the 
slave {24C08B/16B) will leave the data line HIGH to 
enable the master to generate the STOP condition. 

FIGURE 1 - DATA TRANSFER SEQUENCE ON THE SERIAL BUS 

(A) (B) 
SCL ---+---"I--

SDA 

START CONDITION 

DS21081A-page 4 

(D) 

ADDRESS DATAALLOWED 
OR TO CHANGE 

ACKNOWLEDGE 
VALID 
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BUS CHARACTERISTICS 

Device Addressing and Operation 

A control byte is the first byte received following the start 
condition from the master device. The control byte 
consists of a four bit control code, for the 24C08B/16B 
this is set as 1010 binary for read and write operations. 
The next three bits of the control byte are the block select 
bits (B2, B1, BO). They are used by the master device 
to select which of the eight 256 word blocks of memory 
are to be accessed. These bits are in effect the three 
most significant bits of the word address. 

The last bit of the control byte defines the operation to be 
performed. When set to one a read operation is se
lected, when set to zero a write operation is selected. 
Following the start condition, the 24C08B/16B monitors 
the SDA bus checking the device type identifier being 
transmitted, upon a 1010 code the slave device outputs 
an acknowledge si~al on the SDA line. Depending on 
the state of the R/W bit, the 24C08B/16B will select a 
read or write operation. 

Operation Control Code Block Select RiW 
Read 1010 Block Address 1 

Write 1010 Block Address 0 

FIGURE 2 ·CONTROL BYTE ALLOCATION 

START READ/WRITE 

/ 
I : s:LAV~ ADqRES:s 

I 
I 

I 
I 

1· 0 0 B2 

FIGURE 3 • BYTE WRITE 

s 
T 

BUS ACTIVITY: A 
MASTER R 

T 

SDALINE 

BUS ACTIVITY: 
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24C08B/16B 

WRITE OPERATION 

Byte Write 

Following the start condition from the master, the device 
code (4 bits), the block address (3 bits), and the RiW bit 
which is a logic low is placed onto the bus by the master 
transmitter. This indicates to the addressed slave re
ceiver that a byte with a word address will follow after it 
has generated an acknowledge bit during the ninth clock 
cycle. Therefore the next byte transmitted by the master 
is the word address and will be written into the address 
pointer of the 24C08B/16B. After receiving another 
acknowledge signal from the 24C08B/16B the master 
device will transmit the data word to be written into the 
addressed memory location. The 24C08B/16B ac
knowledges again and the master generates a stop 
condition. This initiates the internal write cycle, and 
during this time the 24C08B/16B will not generate ac
knowledge signals (see Figure 3). 

Page Write 

The write control byte, word address and the first data 
byte are transmitted to the 24C08B/16B in the same way 
as in a byte write. But instead of generating a stop 
condition the master transmits up to sixteen data bytes 
to the 24C08B/16B which are temporarily stored in the 
on-chip page buffer and will be written into the memory 
after the master has transmitted a stop condition. After 
the receipt of each word, the four lower order address 
pointer bits are internally incremented by one. The 
higher order seven bits of the word address remains 
constant. If the master should transmit more than 
sixteen words prior to generating the stop condition, the 
address counter will roll over and the previously received 
data will be overwritten. As with the byte write operation, 
once the stop condition is received an internal write cycle 
will begin (see Figure 5). 

WORD 
ADDRESS DATA 

s 
T 
0 
p 
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24C08B/16B 

ACKNOWLEDGE POLLING 

Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com
mand has been issued from the master, the device 
initiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte for 
a write command (R/W = 0). If the device is still busy with 
the write cycle, then no ACK will be returned. If the cycle 
is complete, then the device will return the ACK and the 
master can then proceed with the next read or write 
command. See Figure 4 for flow diagram. 

FIGURE 4 - ACKNOWLEDGE POLLING FLOW 

Send 
Write Command 

Send Stop 
Condition to 

Initiate Write Cycle 

Send Start 

Send Control Byte 
with RfW=O 

Next 
Operation 

FIGURE 5 - PAGE WRITE 

s 
T 

BUS ACTIVITY: A 
MASTER R 

CONTROL 
BYTE T-----

WORD 
ADDRESS(n) 

WRITE PROTECTION 

The 24COBB/16B can be used as a serial ROM when the 
WP pin is connected to Vee. Programming will be 
inhibited and the entire memory will be write-protected. 

READ OPERATION 

Read operations are initiated in the same way as write 
operations with the exception that the RiW bit of the 
slave address is set to one. There are three basic types 
of read operations: current address read, random read, 
and sequential read. 

Current Address Read 

The 24COBB/16B contains an address counter that 
maintains the address of the last word accessed, inter
nally incremented by one. Therefore, if the previous 
access (either a read or write operation) was to address 
n, the next current address read operation would access 
data from address n + 1. Upon receipt of the slave 
address with R!W bit setto one, the 24COBB/16B issues 
an acknowledge and transmits the eight bit data word. 
The master will not acknowledge the transfer but does 
generate a stop condition and the 24COBB/16B discon
tinues transmission (see Figure 6). 

Random Read 

Random read operations allow the master to access any 
memory location in a random manner. To perform this 
type of read operation, first the word address must be 
set. This is done by sending the word address to the 
24COBB/16B as part of a write operation. After the word 
address is sent, the master generates a start condition 
following the acknowledge. This terminates the write 
operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but 
with the RiW bit set to a one. The 24COBB/16B will then 
issue an acknowledge and transmits the eight bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24COBB/16B 
discontinues transmission (see Figure 7). 

DATAn DATAn+1 
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T 

DATAn+15 0 
p 
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FIGURE 6 ·CURRENT ADDRESS READ 

BUS ACTIVITY: 
MASTER 

SDA LINE 
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FIGURE 7 • RANDOM READ 
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24C08B/16B 

Sequential Read 

Sequential reads are initiated in the same way as a 
random read except that after the 24C08B/16B trans
mits the first data byte, the master issues an acknowl
edge as opposed to a stop condition in a random read. 
This directs the 24C08B/16B to transmit the next se
quentially addressed 8 bit word (see Figure 8). 

To provide sequential reads the 24C08B/16B contains 
an internal address pointer which is incremented by one 
at the completion of each operation. This address 
pointer allows the entire memory contents to be serially 
read during one operation. 

Noise Protection 

The 24C08B/16B employs a Vee threshold detector 
circuit which disables the internal erase/write logic if the 
Vee is below 1.5 volts at nominal conditions. 

The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 

FIGURE 8 - SEQUENTIAL READ 

PIN DESCRIPTIONS 

SDA Serial Address/Data Input/Output 

This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. It is an open drain 
terminal, therefore the SDA bus requires a pull up resis
tor to Vee (typical 10Kn). 

For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are reserved 
for indicating the START and STOP conditions. 

SCL Serial Clock 

This input is used to synchronize the data transfer from 
and to the device. 

WP 

This pin must be connected to either Vss or Vee. 

If tied to Vss, normal memory operation is enabled (read/ 
write the entire memory 000-?FF). 

If tied to Vee, WRITE operations are inhibited. The 
entire memory will be write-protected. Read operations 
are not affected. 

This feature allows the user.to use the 24C08B/16B as 
a serial ROM when WP is enabled (tied to Vee). 

AO. A1. A2 

These pins are not used by the 24C088/16B. They may 
be left floating or tied to either Vss or Vee. 

A A A 
s 
T 
0 
p BUS ACTIVITY: 
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24C088/168 

NOTES 

.. 
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24C08B/16B 

SALES AND SUPPORT 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 

PART NUMBERS 

DS210S1A-page 10 

PACKAGE: 

I TEMPERATURE 
RANGE: 

i DEVICE: 

p 
SL 
SN 

E 

24C16B 
24C16BT 

24C08B 
24C08BT 

PLASTIC DIP 
PLASTIC SOIC (150 mil Body), 14-Lead 
PLASTIC SOIC (150 mil Body), S-Lead 

-4o·c to +125·c 

16K CMOS Serial EEPROM 
16K CMOS Serial EEPROM (in Tape and Reel Form) 
SK CMOS Serial EEPROM 
SK CMOS Serial EEPROM (in Tape and Reel Form) 

«) 1994 Microchip Technology Inc. 
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MICROCHIP 24AA16 
16K 1.SV CMOS Serial EEPROM 

FEATURES 

• Single supply with operation down to 1.8V 
• Low power CMOS technology 

1 mA active current typical 
- 10 µA standby current typical at 5.5V 
- 3 µA standby current typical at 1.8V 

• Organized as 8 blocks of 256 bytes (8 x 256 x 8) 
• Two wire serial interface bus, 12C™ compatible 
• Schmitt trigger, filtered inputs for noise suppression 
• Output slope control to eliminate ground bounce 
• 100 KHz (1.8V) and 400 KHz (5V} compatibility 
• Self-timed write cycle (including auto-erase) 
• Page-write buffer for up to 16 bytes 
• 2 ms typical write cycle time for page-write 
• Hardware write protect for entire memory 
• Can be operated as a serial ROM 
• Factory programming (QTP) available 
• ESD protection > 4,000V 
• 1,000,000 ERASE/WRITE cycles (typical) 
• Data retention > 40 years 
• 8 pin DIP, 8-lead or 14-lead SOIC packages 
• Available for extended temperature ranges 

- Commercial: 0°C to + 70°C 

PIN CONFIGURATION 

DIP Package 8-SOIC Package 

AO 8 Vee AO 8 

A1 7 WP A1 2 7 

A2 3 SCL A2 3 6 

Vss 5 SOA Vss 4 5 

12C is a trademark of Philips Corporation 

© 1994 Microchip Technology Inc. 
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DESCRIPTION 

The Microchip Technology Inc. 24AA 16 is a 1.8 volt 
16K bit Electrically Erasable PROM. The device is 
organized as 8 blocks of 256 x 8 bit memory with a two 
wire serial interface. Low voltage design permits 
operation down to 1.8 volts with standby and active 
currents of only 3 µA and 1 mA, respectively. The 
24AA 16 also has a page-write capability for up to 16 
bytes of data. The 24AA 16 is available in the stan
dard 8-pin DIP and both 8-lead and 14-lead surface 
mount SOIC packages. 

BLOCK DIAGRAM 

SOA SCL 

vcc 0-
vss 0--

~----- HV GENERATOR 

EEPROM ARRAY 
(8x256x8) 

PAGE LATCHES 

14-SOIC Package 

NC 
14 NC 

AO 2 13 Vee 

A1 3 12 WP 
Vee 

NC 4 11 NC 

WP 
A2 5 10 SCL 

SCL Vss 6 9 SDA 

SDA NC 7 8 NC 
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24AA16 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings* 

Vee .................................................................... 7.0V 
All inputs and outputs w.r.t. Vss ..... -0.6V to Vee + 1.0V 
Storage temperature ....................... -65"C to+ 150"C 
Ambient temp. with power applied ..... -65"C to+ 125"C 
Soldering temperature of leads (10 seconds) .. +300"C 
ESD protection on all pins ................................. ~ 4 kV 

"Notice: Stresses above those listed under "Maximum ratings" may 
cause pennanent damage to the device. This is a stress rating only and 
functional operation of the device at those or any other conditions above 
those indicated in the operational listings of this specification is not 
implied. Exposure to maximum rating conditions for extended periods 
may affect device reliability. 

DC CHARACTERISTICS 

Parameter Symbol Min 

WP, SCL and SDA pins: 
High level input voltage VtH .7Vcc 

Low level input voltage VIL -
Hysteresis of Schmitt trigger inputs VHYS 0.05Vcc 

Low level output voltage VOL -
Input leakage current ILi -10 

Output leakage current ILO -10 

Internal capacitance CINT -
(all inputs/outputs) 

Operating current ICC WRITE -
-

lccREAO -
-

Standby current Ices -
-
-

PIN FUNCTION TABLE 

Name Function 

Vss Ground 

SDA Serial Address/Data 1/0 

SCL Serial Clock 

WP Write Protect Input 

Vee + 1.8V to 5.5V Power Supply 

AO,A1,A2 No Internal Connection 

Vee = + 1.av to +5.5V 
Commercial (C): Tamb = o·c to +1o·c 

Typ Max Units Conditions 

- v 

.3Vcc v 

- v Note 1 

.40 v IOL = 3.0 mA, Vee= 1.8V 

10 µA VIN= .1V to Vee 

10 µA VOUT = .1Vto Vee 

10 pf Vee = 5.0V (Note 1) 
Tamb = 25'C, FCLK= 1 MHz 

- 3 mA VCC= 5.5V, SCL = 400 KHz 
.05 - mA Vee= 1.8V, SCL = 100 KHz 
- 1 mA Vee= 5.5V, SCL = 400 KHz 

0.05 - mA VCC= 1.8V, SCL= 100 KHz 

- 100 µA Vcc=5.5V, SDA=SCL=Vcc 
- 30 µA VCC=3.0V, SDA=SCL=Vcc 
3 - µA VCC= 1.8V, SDA:SCL=Vcc 

Note 1: This parameter is periodically sampled and not 100% tested. 

BUS TIMING START/STOP 

VHYS 

SCL ----' 
THD:STA 

Tsu:STA 

- -START STOP 

DS21054B-page 2 © 1994 Microchip Technology Inc. 
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24AA16 

AC CHARACTERISTICS 
STANDARD Vee = 4.5-5.5V 

MODE FAST MODE 

Parameter Symbol Min Max Min Max Units Remarks 

Clock frequency FCLK 0 100 0 400 kHz 

Clock high time THIGH 4000 - 600 - ns 

Clock low time TLOW 4700 - 1300 - ns 

SDA and SCL rise time TR - 1000 - 300 ns Note 2 

SDA and SCL fall time TF - 300 - 300 ns Note2 

START condition hold time THD:STA 4000 - 600 - ns After this period the first 
clock pulse is generated 

START condition setup time TSU:STA 4700 - 600 - ns Only relevant for repeated 
START condition 

Data input hold time THD:DAT 0 - 0 - ns 

Data input setup time TSU:DAT 250 - 100 - ns 

STOP condition setup time TSU:STO 4000 - 600 - ns 

Output valid from clock TAA - 3500 - 900 ns Note 1 

Bus free time TeUF 4700 - 1300 - ns Time the bus must be free 
before a new transmission 
can start 

Output fall time from VIH min TOF - 250 20+0.1 250 ns Note 2, Ce s; 100 pF to VIL max Ce 

Input filter spike suppression 
(SDA and SCL pins) 

TSP N/A N/A 0 50 ns Note3 

Write cycle time TWA - 10 - 10 ms Byte or Page mode 

Endurance - 100,000 - 100,000 - E/W 1,000,000 typical 
Cycles 

Note 1: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 

Note 2: Not 100% tested. Ce= total capacitance of one bus line in pF. 

Note 3: The combined Tsp and VHYS specifications are due to new Schmitt trigger inputs which provide improved noise 
and spike suppression. This eliminates the need for a Tl specification for standard operation. 

BUS TIMING DATA 

SCL 

SDA 
N 

SDA 
OUT 

@1994 Microchip Technology Inc. 
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24AA16 

FUNCTIONAL DESCRIPTION 

The 24AA16 supports a bidirectional two wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus has to be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24AA 16 works 
as slave. Both, master and slave can operate as 
transmitter or receiver but the master device determines 
which mode is activated. 

BUS CHARACTERISTICS 

The following bus protocol has been defined: 

- Data transfer may be initiated only when the bus is not 
busy. 

- During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 
a START or STOP condition. 

Accordingly, the following bus conditions have been 
defined (see Figure 1 ): 

Bus not Busy (A) 

Both data and clock lines remain HIGH. 

Start Data Transfer (B) 

A HIGH to LOW transition of the SDA line while the clock 
(SCL) is HIGH determines a START condition. All 
commands must be preceded by a START condition. 

Stop Data Transfer (C) 

A LOW to HIGH transition of the SDA line while the clock 
(SCL) is HIGH determines a STOP condition. All opera
tions must be ended with a STOP condition. 

Data Valid (D) 

The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 

The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 

Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited, although only the last 
sixteen will be stored when doing a write operation. 
When an overwrite does occur it will replace data in a first 
in first out fashion. 

Acknowledge 

Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 

Note: The 24AA 16 does not generate any acknowl-
edge bits if an internal programming cycle is 
in progress. 

The device that acknowledges, has to pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. A 
master must signal an end of data to the slave by not 
generating an acknowledge bit on the last byte that has 
been clocked out of the slave. In this case, the slave 
must leave the data line HIGH to enable the master to 
generate the STOP condition. 

FIGURE 1 - DATA TRANSFER SEQUENCE ON THE SERIAL BUS 
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BUS CHARACTERISTICS 

Device Addressing and Operation 

A control byte is the first byte received following the start 
condition from the master device. The control byte 
consists of a four bit control code, for the 24AA 16 this is 
set as 1010 binary for read and write operations. The 
next three bits of the control byte are the block select bits 
(B2, B1, BO). They are used by the master device to 
select which of the eight 256 word blocks of memory are 
to be accessed. These bits are in effect the three most 
significant bits of the word address. It should be noted 
that the protocol limits the size of the memory to eight 
blocks of 256 words, therefore the protocol can support 
only one 24AA16 per system. 

The last bit of the control byte defines the operation to be 
performed. When set to one a read operation is se
lected, when set to zero a write operation is selected. 
Following the start condition, the 24AA16 monitors the 
SDA bus checking the device type identifier being trans
mitted, upon a 1010 code the slave device outputs an 
acknowledge signal on the SDA line. Depending on the 
state of the RIW" bit, the 24AA 16 will select a read or write 
operation. 

Operation Control Coda Block Salact R/W 
Read 1010 Block Address 1 

Write 1010 Block Address 0 

FIGURE 2 - CONTROL BYTE ALLOCATION 
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FIGURE 3 - BYTE WRITE 
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WRITE OPERATION 

Byte Write 

Following the start condition from the master, the device 
code (4 bits), the block address (3 bits), and the RIW" bit 
which is a logic low is placed onto the bus by the master 
transmitter. This indicates to the addressed slave re
ceiver that a byte with a word address will follow after it 
has generated an acknowledge bit during the ninth clock 
cycle. Therefore the next byte transmitted by the master 
is the word address and will be written into the address 
pointer of the 24AA 16. After receiving another acknowl
edge signal from the 24AA 16 the master device will 
transmit the data word to be written into the addressed 
memory location. The 24AA 16 acknowledges again 
and the master generates a stop condition. This initiates 
the internal write cycle, and during this time the 24AA 16 
will not generate acknowledge signals (see Figure 3). 

Page Write 

The write control byte, word address and the first data 
byte are transmitted to the 24AA 16 in the same way as 
in a byte write. But instead of generating a stop condition • 
the master transmits up to sixteen data bytes to the 
24AA16 which are temporarily stored in the on-chip 
page buffer and will be written into the memory after the 
master has transmitted a stop condition. After the 
receipt of each word, the four lower order address 
pointer bits are internally incremented by one. The 
higher order seven bits of the word address remains 
constant. If the master should transmit more than 
sixteen words prior to generating the stop condition, the 
addresscounterwill roll over and the previously received 
data will be overwritten. As with the byte write operation, 
once the stop condition is received an internal write cycle 
will begin (see Figure 5). 

WORD 
ADDRESS DATA 
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24AA16 

ACKNOWLEDGE POLLING 

Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com
mand has been issued from the master, the device 
initiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte for 
a write command (RJW = 0). If the device is still busy with 
the write cycle, then no ACK will be returned. If the cycle 
is complete, then the device will return the ACK and the 
master can then proceed with the next read or write 
command. See Figure 4 for flow diagram. 

FIGURE 4 • ACKNOWLEDGE POLLING FLOW 
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Write Command 

Send Stop 
Condition to 
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FIGURE 5 ·PAGE WRITE 
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WRITE PROTECTION 

The 24AA 16 can be used as a serial ROM when the WP 
pin is connected to Vee. Programming will be inhibited 
and the entire memory will be write-protected. 

READ OPERATION 

Read operations are initiated in the same way as write 
operations with the exception that the RJW bit of the 
slave address is set to one. There are three basic types 
of read operations: current address read, random read, 
and sequential read. 

Current Address Read 

The 24AA 16 contains an address counter that maintains 
the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n, the 
next current address read operation would access data 
from address n + 1. Upon receipt of the slave address 
with RJWbit set to one, the 24AA 16 issues an acknowl
edge and transmits the eight bit data word. The master 
will not acknowledge the transfer but does generate a 
stop condition and the 24AA 16 discontinues transmis
sion (see Figure 6). 

Random Read 

Random read operations allow the master to access any 
memory location in a random manner. To perform this 
type of read operation, first the word address must be 
set. This is done by sending the word address to the 
24AA16 as part of a write operation. After the word 
address is sent, the master generates a start condition 
following the acknowledge. This terminates the write 
operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but 
with the RIW bit set to a one. The 24AA 16 will then issue 
an acknowledge and transmits the eight bit data word. 
The master will not acknowledge the transfer but does 
generate a stop condition and the 24AA 16 discontinues 
transmission (see Figure 7). 
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FIGURE 6 - CURRENT ADDRESS READ 
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FIGURE 7 - RANDOM READ 
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24AA16 

Sequential Read 

Sequential reads are initiated in the same way as a 
random read except that after the 24AA 16 transmits the 
first data byte, the master issues an acknowledge as 
opposed to a stop condition in a random read. This 
directs the 24AA 16 to transmit the next sequentially 
addressed 8 bit word (see Figure 8). 

To provide sequential reads the 24AA16 contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. 

Noise Protection 

The 24AA16 employs a Vee threshold detector circuit 
which disables the internal erase/write logic if the Vee is 
below 1.5 volts at nominal conditions. 

The SCL and SDA inputs have Schmitt trigger and filter 
circuits which suppress noise spikes to assure proper 
device operation even on a noisy bus. 

FIGURE 8 - SEQUENTIAL READ 

PIN DESCRIPTIONS 

SDA Serial Address/Data Input/Output 

This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. It is an open drain 
terminal, therefore the SDA bus requires a pull up resis
tor to Vee (typical 1 OKO for 100 KHz, 1KOfor400 KHz) 
from 24LC04B/08B. 

For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are reserved 
for indicating the START and STOP conditions. 

SCL Serial Clock 

This input is used to synchronize the data transfer from 
and to the device. 

WP 

This pin must be connected to either Vss or Vee. 

If tied to Vss, normal memory operation is enabled (read/ 
write the entire memory). 

If tied to Vee, WRITE operations are inhibited. The 
entire memory will be write-protected. Read operations 
are not affected. 

This feature allows the user to use the 24AA 16 as a 
serial ROM when WP is enabled (tied to Vee). 

AO.A1.A2 

These pins are not used by the 24AA 16. They may be 
left floating or tied to either V ss or V cc. 

s 
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24AA16 

NOTES 

• 
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24AA16 

SALES AND SUPPORT 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 

PART NUMBERS 

DS210548-page 1 o 

PACKAGE: 

I TEMPERATURE 
RANGE: 

i DEVICE: 

p 
SL 
SN 

Blank 

24AA16 
24AA16T 

PLASTIC DIP 
PLASTIC SOIC (150 mil Body), 14-Lead 
PLASTIC SOIC (150 mil Body), 8-Lead 

O"Cto+70"C 

1.8 V, 16K CMOS Serial EEPROM 
1.8 V, 16K CMOS Serial EEPROM (in Tape and Reel Form) 

© 1994 Microchip Technology Inc. 
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MICROCHIP 24LC164 
16K 2.SV Cascadable CMOS Serial EEPROM 

FEATURES 

• Single supply with operation down to 2.5V 
• Low power CMOS technology 

1 mA active current typical 
5 µA standby current typical at 3.0V 

• Functional device select lines AO, A 1, A2 for up to 
eight devices on the same bus 

• Two wire serial interface bus, 12C compatible 
• Schmitt trigger, filtered inputs for noise suppression 
• Output slope control to eliminate ground bounce 
• 100 KHz (2.5V) and 400 KHz (5V) compatibility 
• Self-timed write cycle (including auto-erase) 
• Page-write buffer for up to 16 bytes 
• 2 ms typical write cycle time for page-write 
• Hardware write-protect for the entire memory 
• Can be operated as serial ROM 
• ESD protection > 4,000V 
• 1,000,000 ERASE/WRITE cycles (typical) 
• Data retention > 40 years 
• 8 pin DIP, 8-lead SOIC packages 
• Available for extended temperature ranges 

Commercial: 0°c to + 700C 
Industrial: -40°C to + 85°C 

24LC164 PIN CONFIGURATION 

DIP Package 

AO 8 Vee 

A1 2 7 WP 

A2 3 6 SCL 

Vss 4 5 SDA 

12C is a trademark of Philips Corporation 

DESCRIPTION 

The Microchip Technology Inc. 24LC164 is a 
cascadable 16K bit Electrically Erasable PROM. The 
device is organized as 8 blocks of 256 x 8 bit memory 
with a two wire serial interface. Low voltage design 
permits operation down to 2.5 volts with typical standby 
and active currents of only 5 µA and 1 mA respective
ly. The 24LC164 also has a page-write capability for 
up to 16 bytes of data. The 24LC164 is available in 
the standard 8-pin DIP and 8-lead surface mount 
SOIC packages. 

The three select pins, AO, A 1, and A2, function as chip 
select inputs and allow up to eight devices to share a 
common bus, for up to 128K bits total system EEPROM . 

BLOCK DIAGRAM 

~---.-.i HV GENERATOR 

SDA SCL 

vrx 0--
vss 0---

AO 

A1 

A2 

Vss 

8-SOIC Package 

8 

2 7 

3 6 

4 5 

EEPROM ARRAY 
(8x256x8) 

PAGE LATCHES 

Vee 

WP 

YDEC 

SENSE AMP 
R/WCONTROL 

SCL 

SDA 
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24LC164 

SALES AND SUPPORT 

To order or to obtain infonn_ation, e.g., on pricing or delivery, please use the listed part numbers, and refer to the sales 
offices below or contact corpo.rate tieadquarters for the representative or distributor in your area. 

PART NUMBERS 

PACKAGE: p 
SN 

'-----~JI TEMPERATURE 
RANGE: 

Blank 
I 

l DEVICE: 24LC164 
24LC164T 

PLASTIC DIP 
PLASTIC SOIC (150 mil Body), 8-Lead 

O"Cto+70"C 
-40°C to +85°C 

16K CMOS Serial EEPROM 
16K CMOS Serial EEPROM (in Tape and Reel form) 

DS21082A-page 2 &.©lw@Uil©® DUil\l©!l'llilil®iJa©Uil 
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MICROCHIP 24AA164 
16K l.SV Cascadable CMOS Serial EEPROM 

FEATURES 

• Single supply with operation down to 1.8V 
• Low power CMOS technology 

1 mA active current typical 
5 µA standby current typical at 3.0V 
3 µA standby current typical at 1.8V 

• Functional device select lines AO, A 1, A2. for up to 
eight devices on the same bus 

• Two wire serial interface bus, 12C compatible 
• Schmitt trigger filtered inputs for noise suppression 
• Output slope control to eliminate ground bounce 
• 100 KHz and 400 KHz compatibility 
• Sett-timed write cycle (including auto-erase) 
• Page-write buffer for up to 16 bytes 
• 2 ms typical write cycle time for page-write 
• Hardware write-protect for the entire memory 
• Can be operated as a serial ROM 
• ESD protection > 4,000V 
• 1,000,000 ERASE/WRITE cycles (typical) 
• Data retention > 40 years 
• 8 pin DIP, 8-lead SOIC packages 
• Available for extended temperature ranges 

Commercial: OOC to + 10°c 

24AA164 PIN CONFIGURATION 

DIP Package 

AO 8 Vee 

A1 7 WP 

A2 6 SCL 

Vss 5 SDA 

12C is a trademark of Philips Corporation 

DESCRIPTION 

The Microchip Technology Inc. 24AA164 is a 
cascadable 16K bit Electrically Erasable PROM. The 
device is organized as 8 blocks of 256 x 8 bit memory 
with a two wire serial interface. Low voltage design 
permits operation down to 1.8 volts with typical standby 
and active currents of only 3 µA and 1 mA respective
ly. The 24AA 164 also has a page-write capability for 
up to 16 bytes of data. The 24AA164 is available in 
the standard 8-pin DIP and 8-lead surface mount 
SOIC packages. 

The three select pins, AO, A 1, and A2., function as chip 
select inputs and allow up to eight devices to share a 
common bus, for up to 128K bits total system EEPROM . 

BLOCK DIAGRAM 

SOA SCL 

Vee 0-
VSS 0--

r------i HV GENERATOR 

EEPROM ARRAY 
(Bx256x8) 

PAGE LATCHES 

YDEC 

SENSE AMP 
R/WCONTROL 

8-SOIC Package 

AO 8 Vee 

A1 2 7 WP 

A2 3 6 SCL 

Vss 4 5 SDA 
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24AA164 

SALES AND SUPPORT 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the sales 
offices below or contact corporate headquarters for the representative or distributor in your area. 

PART NUMBERS 

PACKAGE: 

'------1~ TEMPERATURE 
I RANGE: 

I DEVICE: 

p 
SN 

Blank 

24AA164 
24AA164T 

PLASTIC DIP 
PLASTIC SOIC (150 mil Body), 8-Lead 

O'Cto+70'C 

16K CMOS Serial EEPROM 
16K CMOS Serial EEPROM (in Tape and Reel form) 

DS21083A-page 2 ffei@JW®!l'll©® 0!l'll\1©1J'IJUil®ita©!l'll 
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MICROCHIP 24LC174 
16K 2.SV CMOS Serial EEPROM with OTP Security Page 

FEATURES 

• Single supply with operation down to 2.5V 
• Low power CMOS technology 

1 mA active current typical 
5 µA standby current typical at 3.0V 

• Functional device select lines AO, A 1, A2 for up to 8 
devices on the same bus 

• 16 byte OTP security page 
• Two wire serial interface bus 
• Schmitt trigger, filtered inputs for noise suppression 
• Output slope control to eliminate ground bounce 
• 100 KHz and 400 KHz compatibility 
• Self-limed write cycle (including auto-erase) 
• Page-write buffer for up to 16 bytes 
• 2 ms typical write cycle lime for page-write 
• Hardware write-protect for the entire memory 
• Can be operated as a serial ROM 
• ESD protection > 4,000V 
• 1,000,000 ERASE/WRITE cycles (typical) 
• Data retention > 40 years 
• 8 pin DIP, 8-lead SOIC packages 
• Available for extended temperature ranges 

Commercial: 0°c to + 70°C 
Industrial: -40°C to + 85°C 

24LC174 PIN CONFIGURATION 

DIP Package 

AO 8 Vee 

A1 2 7 WP 

A2 3 6 SCL 

Vss 4 5 SDA 

DESCRIPTION 

The Microchip Technology Inc. 24LC174 is a 
cascadable 16K bit Electrically Erasable PROM. The 
device is organized as 8 blocks of 256 x 8 bit memory 
with a two wire serial interface and provides a spe
cially addressed, OTP (one-time programmable) 16 
byte security block. Low voltage design permits 
operation down to 2.5 volts with typical standby and 
active currents of only 5 µA and 1 mA respectively. 
The 24LC174 also has a page-write capability for up 
to 16 bytes of data. The 24LC174 is available in the 
standard 8-pin DIP and 8-lead surface mount SOIC 
packages. 

The three select pins, AO, A 1, and A2, function as chip 
select inputs and allow up to eight devices to share a 
common bus, for up to 128K bits total system EEPROM. 

BLOCK DIAGRAM 

SOA SCL 

Vee 0-
VSS 0--

~----- HV GENERATOR 

EEPROM ARRAY 
(8x256x8) 

PAGE LATCHES 

8-SOIC Package 

AO 8 Vee 

A1 2 7 WP 

A2 3 6 SCL 

Vss 4 5 SDA 
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24LC174 

SALES AND SUPPORT 

To order or to· obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the sales 
offices below pr contai:t corporate headquarters for the representative or distributor in your area. 

PART' NUMBERS 

24LC174 - IP 

~ PACKAGE: p 
SN 

PLASTIC DIP 
PLASTIC SOIC (150 mil Body), 8-Lead 

.Jl TEMPERATURE 
RANGE: 

Blank 
I 

o· Cto+70' C 
-40° C to +85' C 

I DEVICE: 

DS21084A-page 2 

24LC174 
24LC174T 

16K CMOS Serial EEPROM 
16K CMOS Serial EEPROM (in Tape and Reel form) 
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MICROCHIP 24AA174 
16K 1.SV CMOS Serial EEPROM with OTP Security Page 

FEATURES 

• Single supply with operation down to 1.8V 
• Low power CMOS technology 

1 mA active current typical 
5 µA standby current typical at 3.0V 

• Functional device select lines AO, A 1, A2 for up to 8 
devices on the same bus 

• 16 byte OTP security page 
• Two wire serial interface bus 
• Schmitt trigger, filtered inputs for noise suppression 
• Output slope control to eliminate ground bounce 
• 100 KHz and 400 KHz compatibility 
• Self-timed write cycle (including auto-erase) 
• Page-write buffer for up to 16 bytes 
• 2 ms typical write cycle time for page-write 
• Hardware write-protect for the entire memory 
• Can be operated as a serial ROM 
• ESD protection > 4,000V 
• 1,000,000 ERASE/WRITE cycles (typical) 
• Data retention > 40 years 
• 8 pin DIP, 8-lead SOIC packages 
• Available for extended temperature ranges 

Commercial: 0°C to + 10°c 

24AA174 PIN CONFIGURATION 

DIP Package 

AO 8 Vee 

A1 2 7 WP 

A2 3 6 SCL 

Vss 4 5 SDA 

DESCRIPTION 

The Microchip Technology Inc. 24AA174 is a 
cascadable 16K bit Electrically Erasable PROM. The 
device is organized as 8 blocks of 256 x 8 bit memory 
with a two wire serial interface and provides 16 byte 
security block. Low voltage design permits operation 
down to 1.8 volts with typical standby and active 
currents of only 3 µA and 1 mA respectively. The 
24AA 17 4 also has a page-write capability for up to 16 
bytes of data. The 24AA174 is available in the 
standard 8-pin DIP and 8-lead surface mount SOIC 
packages. 

The three select pins, AO, A 1, and A2, function as chip 
select inputs and allow up to eight devices to share a 
common bus, for up to 128K bits total system EEPROM. 

BLOCK DIAGRAM 

5DA SCL 

vex: 0-
vss 0--

.-----_... HV GENERATOR 

EEPROM ARRAY 
(8x256x8) 

PAGE LATCHES 

YDEC 

SENSE AMP 
R/WCONTROL 

8-SOIC Package 

AO 8 Vee 

A1 2 7 WP 

A2 3 6 SCL 

Vss 4 5 SDA 
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24AA174 

SALES AND SUPPORT 
To order or to obtain infonnation, e.g., on pricing or delivery, please use the listed part numbers, and refer to the sales 
offices below or contact corporate headquarters for the representative or distributor in your area. 

PART NUMBERS 

24AA174 - IP 

~ 
l 

1 

DS21085A-page 2 

PACKAGE: p PLASTIC DIP 
SN PLASTIC SOIC (150 mil Body), 8-Lead 

TEMPERATURE Blank O'Cto+70'C 
RANGE: 

DEVICE: 24AA174 16K CMOS Serial EEPROM 
24AA174T 16K CMOS Serial EEPROM (in Tape and Reel form) 

ffe,@lw®lril©® Olril~©U'llilil1ID1lll@lril 
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MICROCHIP 24C32 
32K 5V CMOS Serial EEPROM 

FEATURES 

• Voltage operating range: 4.5V to 5.5V 
- Peak write current 3 mA at 5.5V 
- Maximum read current 150 µA at 5.5V 
- Standby current 5 µA typical 

• Industry standard two-wire bus protocol, 12C™ com
patible 
- Including 100 KHz and 400 KHz modes 

• Self-timed write cycle (including auto-erase) 
• Power on/off data protection circuitry 
• Endurance: - 20K Erase/Write cycles typical (2BK 

block) 
- 1 million E/W cycles typical (4K block) 

• B byte page, or byte modes available 
• 1 page x 8 line input cache (64 bytes) for fast write 

loads 
• Schmitt trigger, filtered inputs for noise suppression 
• Output slope control to eliminate ground bounce 
• 2 ms typical write cycle time, byte or page 
• Factory programming (QTP) available 
• Up to 8 chips may be connected to the same bus for 

up to 256K bits total memory 
• Electrostatic discharge protection > 4000V 
• Data retention > 40 years 
• 8-pin PDIP/SOIC packages 
• Temperature ranges: 

- Commercial: 0°Cto +70°C 
- Industrial: -40°C to +85°C 

PIN CONFIGURATIONS 

PDIP Package 

AO Vee 

A1 NC 

A2 SCL 

Vss SDA 

12C is a trademark of Philips Corporation 

@ 1994 Microchip Technology Inc. 

DESCRIPTION 

The Microchip Technology Inc. 24C32 is a 4K x B (32K 
bit) Serial Electrically Erasable PROM. This device has 
been developed for advanced, low power applications 
such as personal communications or data acquisition. 
The 24C32 features an input cache for fast write loads 
with a capacity of eight 8-byte pages, or 64 bytes. It also 
features a fixed 4K-bit block of ultra-high endurance 
memory for data that changes frequently. The 24C32 is 
capable of both random and sequential reads up to the 
32K boundary. Functional address lines allow up to 8 -
24C32 devices on the same bus, for up to 256K bits 
address space. Advanced CMOS technology makes 
this device ideal for low-power non-volatile code and 
data applications. The 24C32 is available in the 
standard 8-pin plastic DIP and 8-pin surface mount 
SOIC package. 
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24C32 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings* 

Vcc ............................................................................................ 7.0V 
All inputs and outputs w.r.t. Vss ..... -0.6V to Vee+ 1.0V 
Storage temperature ......................... -65°C to + 150°C 
Ambient temp. with power applied .... -65°C to+ 125°C 
Soldering temperature of leads (10 seconds). +300°C 
ESD protection on all pins ................................. ~ 4 kV 

•Notice: Stresses above those listed under "Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at those or any other conditions above 
those indicated in the operational listings of this specification is not 
implied. Exposure to maximum rating conditions for extended periods 
may affect device reliability. 

DC CHARACTERISTICS 

Parameter Symbol 

AO, A 1, A2, SCL and SDA pins: 

High level input voltage VIH 

Low level input voltage VIL 

Hysteresis of Schmitt Trigger VHYS 
inputs 

Low level output voltage VOL 
Input leakage current lu 
Output leakage current ILO 
Internal capacitance CINT 
(all inputs/outputs) 

Operating current Ice Write 

Ice Read 

Standby current Ices 

Min. 

.7Vcc 

-
.05 Vee 

-
-10 

-10 

-

-
-
-

TABLE 1 - PIN FUNCTIONS 

Name Function 

AO .. A2 User Configurable Chip Selects 
Vss Ground 

SDA Serial Address/Data 1/0 
SCL Serial Clock 
Vee +4.5V to 5.5V Power Supply 
NC No Internal Connection 

Vee = +4.5V to 5.5V 
Commercial (C) : Tamb = 0°Cto +70°C 
Industrial (I) : Tamb = -40°C to +85°C 

Max. Units Conditions 

- v 
.3Vcc v 

- v Note 1 

.40 v IOL=3.0mA 

10 uA VIN= .1Vto Vee 

10 uA VOUT = .1V to Vee 

10 pF Vee = 5.0V (Note 1) 
Tamb = 25°C, Fclk = 1 MHz 

3 mA Vee= 5.5V, SCL = 400 KHz 

150 µA Vee= 5.5V, SCL = 400 KHz 

50 µA Vee = 5.5V. SCL = SDA = Vee 

Note 1: This parameter is periodically sampled and not 100% tested. 

FIGURE 1 - BUS TIMING START/STOP 
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24C32 

AC CHARACTERISTICS Vee = 4.5·5.5V Vee = 4.5-5.5V 
STD.MODE FAST MODE 

Parameter Symbol Min Max Min Max Units Remarks 

Clock frequency FCLK 0 100 0 400 kHz 

Clock high time THIGH 4000 - 600 - ns 

Clock low time TLOW 4700 - 1300 - ns 

SDA and SCL rise time TR - 1000 - 300 ns Note 1 

SDA and SCL fall time TF - 300 - 300 ns Note 1 

START condition hold time THD:STA 4000 - 600 - After this period the first 
ns clock pulse is generated 

START condition setup time Tsu:STA 4700 - 600 - ns Only relevant for repeated 
START condition 

Data input hold time THD:DAT 0 - 0 - ns 

Data input setup time TSU:DAT 250 - 100 - ns 

STOP condition setup time TSU:STO 4000 - 600 - ns 

Output valid from clock TAA - 3500 - 900 ns Note2 

Bus free time TeUF 4700 - 1300 - ns Time the bus must be free 
before a new transmission 
can start 

Output fall time from VIH min TOF - 250 20+0.1 250 ns Note 1, Ce s 100 pF to VIL max Ce 

Input filter spike suppression 
(SDA and SCL pins) 

TSP N/A NIA 0 50 ns Note3 

Write cycle time TWR - 5 - 5 ms/page Note4 

Note 1: Not 100 percent tested. CB= total capacitance of one bus line in pF. 
Note 2: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region (minimum 300 ns) 

of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 
Note 3: The combined TSP and VHYS specifications are due to new Schmitt trigger inputs which provide improved noise and spike 

suppression. This eliminates the need for a Tl specification for standard operation. 
Note 4: The times shown are for a single page of 8 bytes. Multiply by the number of pages loaded into the write cache for total time. 

FIGURE 2 - BUS TIMING DATA 
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24C32 

FUNCTIONAL DESCRIPTION 

The 24C32 supports a bidirectional two-wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus must be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24C32 works as 
slave. Both master and slave can operate as transmitter 
or receiver but the master device determines which 
mode is activated. 

BUS CHARACTERISTICS 

The following bus protocol has been defined: 

- Data transfer may be initiated only when the bus is not 
busy. 

- During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 
a START or STOP condition. 

Accordingly, the following bus conditions have been 
defined (see Figure 3). 

Bus not Busy (A) 

Both data and clock lines remain HIGH. 

Start Data Transfer (B) 

A HIGH to LOW transition of the SDA line while the clock 
(SCL) is HIGH determines a START condition. All 
commands must be preceded by a START condition. 

Stop Data Transfer (C) 

A LOW to HIGH transition of the SDA line while the clock 
(SCL) is HIGH determines a STOP condition. All opera
tions must be ended with a STOP condition. 

Data Valid (D) 

The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 

The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 

Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the ST ART and 
STOP conditions is determined by the master device. 

Acknowleclge 

Each receiving device, when addressed, is obliged to 
generate an acknowledge signal after the reception of 
each byte. The master device must generate an extra 
clock pulse which is associated with this acknowledge 
bit. 

Note: The 24C32 does not generate any acknowl
edge bits If an Internal programming cycle Is 
In progress. 

A device that acknowledges must pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. During 
reads, a master must signal an end of data to the slave 
by NOT generating an acknowledge bit on the last byte 
that has been clocked out of the slave. In this case, the 
slave (24C32) will leave the data line HIGH to enable the 
master to generate the STOP condition. 

FIGURE 3 - DATA TRANSFER SEQUENCE ON THE SERIAL BUS 
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24C32 

BUS CHARACTERISTICS Operation Control Code Device Select R/W 

Read 1010 Device Address 1 

Write 1010 Device Address 0 

Device Addressing and Operation (Figure 4A) 

A control byte is the first byte received following the start 
condition from the master device. The control byte 
consists of a four bit control code; for the 24C32 this is 
set as 101 O binary for read and write operations. The 
next three bits of the control byte are the device select 
bits (A2, A 1, AO). They are used by the master device 
to select which of the eight devices are to be accessed. 
These bits are in effect the three most significant bits of 
the word address. The last bit of the control byte (RIW) 
defines the operation to be performed. When set to a 
one a read operation is selected, and when setto a zero 
a write operation is selected. The next two bytes 
received define the address of the first data byte (see 
Figure 4B). Because only A 11 .. AO are used, the upper 
four address bits must be zeros. The most significant bit 
of the most significant byte of the address is transferred 
first. Following the start condition, the 24C32 monitors 
the SDA bus checking the device type identifier being 
transmitted. Upon receiving a 1010 code and appropri
ate device select bits, the slave device outputs an 
acknowledge signal on the SDA line. Depending on the 
state of the RIW bit, the 24C32 will select a read or write 
operation. 

FIGURE 4A - CONTROL BYTE ALLOCATION 

FIGURE 4B - ADDRESS SEQUENCE BIT ASSIGNMENTS 
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WRITE OPERATION 

Split Endurance 

The 24C32 is organized as a continuous 32K block of 
memory. However, the first 4K, starting at address 000, 
is rated at 1 million E/W cycles typical. The remainder of 
the array, 28K bits, is rated at 20K E/W cycles typical. 
This feature is helpful in applications in which some data 
change frequently, while a majority of the data change 
infrequently. One example would be a cellular tele
phone in which last-number redial and microcontroller 
scratch pad require a high-endurance block, while speed 
dials and lookup tables change infrequently and so 
require only a standard endurance rating. 

Byte Write 

Following the start condition from the master, the control 
code (four bits), the device select (three bits), and the 
R/W bit which is a logic low are clocked onto the bus by 
the master transmitter. This indicates to the addressed 
slave receiver that a byte with a word address will follow 
alter it has generated an acknowledge bit during the 
ninth clock cycle. Therefore the next byte transmitted by 
the master is the high-order byte of the word address and 
will be written into the address pointer of the 24C32. The 
next byte is the least significant address byte. Alter 
receiving another acknowledge signal from the 24C32 
the master device will transmit the data word to be 
written into the addressed memory location. The 24C32 

FIGURE 5 • BYTE WRITE 

s 

acknowledges again and the master generates a stop 
condition. This initiates the internal write cycle, and 
during this time the 24C32 will not generate acknowl
edge signals (see Figure 5). 

Page Write 

The write control byte, word address and the first data 
byte are transmitted to the 24C32 in the same way as in 
a byte write. But instead of generating a stop condition, 
the master transmits up to eight pages of eight data 
bytes each (64 bytes total) which are temporarily stored 
in the on-chip page cache of the 24C32. They will be 
written from cache into the EEPROM array alter the 
master has transmitted a stop condition. Alter the 
receipt of each word, the six lower order address pointer 
bits are internally incremented by one. The higher order 
seven bits of the word address remain constant. If the 
master should transmit more than eight bytes prior to 
generating the stop condition (writing across a page 
boundary), the addresscounter(lowerthree bits) will roll 
over and the pointer will be incremented to point to the 
next line in the cache. This can continue to occur up to 
eight times or until the cache is full, at which time a stop 
condition should be generated by the master. If a stop 
condition is not received, the cache pointer will roll 
over to the first line (byte 0) of the cache, and any 
further data received will overwrite previously cap
tured data. The stop condition can be sent at any time 
during the transfer. As with the byte write operation, 
once a stop condition is received, an internal write 
cycle will begin. The 64-byte cache will continue to 
capture data until a stop condition occurs or the 
operation is aborted (see Figure 6). 

s 
Bus Activity: a Control Word Word 

Address (0) Data Master r Byte Address (1) 0 

t ~ ,--A----, ,--A----, ,--A----, p 

soA une ITTJl'-'--ITD...L..J....J._.__._lolL...Lolo_._lo ....... ITID .............. 1-1.l-L.l ....... I l_._l ..._I 1 ........ 1_._I ..._,I IL-LI _._I .......... 1 l-'-1 ........ 1 l_..._,O 
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c c c c 
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FIGURE 6 ·PAGE WRITE (For cache WRITE, see Figure 10) 
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ACKNOWLEDGE POLLING 

Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com
mand has been issued from the master, the device 
initiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte for 
a write command (RMi = 0). If the device is still busy with 
the write cycle, then no ACK will be returned. If the cycle 
is complete, then the device will return the ACK and the 
master can then proceed with the next read or write 
command. See Figure 7 for flow diagram. 

FIGURE 7 - ACKNOWLEDGE POLLING FLOW 
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s 

Bus Activity: a Control 
Master r Byte 

t,----A--, 
SDA Line DlJl [JTJ 
Bus Activity 

© 1994 Microchip Technology Inc. 

5-97 

A 
c 
K 

24C32 

READ OPERATION 

Read operations are initiated in the same way as write 
operations with the exception that the RIW bit of the 
slave address is set to one. There are three basic types 
of read operations: current address read, random read, 
and sequential read. 

Current Address Read 

The 24C32 contains an address counter that maintains 
the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n (n is 
any legal address), the next current address read opera
tion would access data from address n + 1. Upon receipt 
of the slave address with RIW bit set to one, the 24C32 
issues an acknowledge and transmits the eight bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24C32 discon
tinues transmission (see Figure 8). 

Random Read 

Random read operations allow the master to access any 
memory location in a random manner. To perform this 
type of read operation, first the word address must be 
set. This is done by sending the word address to the 
24C32 as part of a write operation (RJW bit set to 0). 
After the word address is sent, the master generates a 
start condition following the acknowledge. This termi
nates the write operation, but not before the internal 
address pointer is set. Then the master issues the 
control byte again but with the R!W bit set to a one. The 
24C32 will then issue an acknowledge and transmit the 
eight bit data word. The master will not acknowledge the 
transfer but does generate a stop condition which causes 
the 24C32 to discontinue transmission (see Figure 9). 
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24C32 

Contiguous Addressing Across Multiple 
Devices 

The device select bits A2., A 1, AO can be used to expand 
the contiguous address space for up to 256K bits by 
adding up to eight 24C32's on the same bus. In this 
case, software can use AO of the control byte as address 
bit A12, A1 as address bit A13, and A2. as address bit 
A14. 

Sequential Reac:t 

Sequential reads are initiated in the same way as a 
random read except that after the 24C32 transmits the 
first data byte, the master issues an acknowledge as 
opposed to the stop condition used in a random read. 
This acknowledge directs the 24C32 to transmitthe next 
sequentially addressed 8 bit word. (See Figure 10). 
Following the final byte transmitted to the master, the 
master will NOT generate an acknowledge but will 
generate a stop condition. 

FIGURE 9 - RANDOM READ 

s 

To provide sequential reads the 24C32 contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. The address pointer, however, 
will not roll over from address 07FF to address 0000. It 
will roll from 07FF to unused memory space. 

Noise Protection 

The SCL and SDA inputs have filter circuits which 
suppress noise spikes to ensure proper device opera
tion even on a noisy bus. All 1/0 lines incorporate 
Schmitt triggers for 400 KHz (Fast Mode) compatibility. 
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FIGURE 10 - SEQUENTIAL READ 
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PAGE CACHE AND ARRAY MAPPING 

The cache is a 64 byte (8 pages x 8 bytes) FIFO buffer. 
The cache allows the loading of up to 64 bytes of data 
before the write cycle is actually begun, effectively 
providing a 64-byte burst write at the maximum bus rate. 
Whenever a write command is initiated, the cache starts 
loading and will continue to load until a stop bit is 
received to start the internal write cycle. The total length 
of the write cycle will depend on how many pages are 
loaded into the cache before the stop bit is given. 
Maximum cycle time for each page is 1 O ms. Even if a 
page is only partially loaded, it will still require the same 
cycle time as a full page. If more than 64 bytes of data 
are loaded before the stop bit is given, the address 
pointer will 'wrap around' to the beginning of cache page 
O and existing bytes in the cache will be overwritten. 

Cache Write Starting at a Page Boundaiy 

If a write command begins at a page boundary (address 
bits A2, A 1 and AO are zero), then all data loaded into the 
cache will be written to the array in sequential ad
dresses. This includes writing across a 4K block 
boundary. In the example shown below, (see Figure 11) 
a write command is initiated starting at byte o of page 3 
with a fully loaded cache (64 bytes). The first byte in the 
cache is written to byte O of page 3 (of the array), with the 
remaining pages in the cache written to sequential 
pages in the array. A write cycle is executed after each 
page is written. Since the write begins at page 3 and 8 
pages are loaded into the cache, the last 3 pages of the 
cache are written to the next row in the array. 

Cache Write Starting at a Non-Page 
Boundaiy 

When a write command is initiated that does not begin 
at a page boundary (i.e., address bits A2, A 1 and AO are 
not all zero), it is importantto note how the data is loaded 
into the cache, and how the data in the cache is written 
to the array. When a write command begins, the first 
byte loaded into the cache is always loaded into page o. 
The byte within page O of the cache where the load 
begins is determined by the three least significant ad
dress bits (A2, A 1, AO) that were sent as part of the write 
command. If the write command does not start at byte 
O of a page and the cache is fully loaded, then the last 
byte(s) loaded into the cache will roll around to page O of 
the cache and fill the remaining empty bytes. If more 
than 64 bytes of data are loaded into the cache, data 
already loaded will be overwritten. In the example 
shown below (see Figure 12), a write command has 

C 1994 Microchip Technology Inc. 
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been initiated starting at byte 2 of page 3 in the array with 
a fully loaded cache of 64 bytes. Since the cache started 
loading at byte 2, the last two bytes loaded into the cache 
will 'roll over' and be loaded into the first two bytes of page 
o (of the cache). When the stop bit is sent, page o of the 
cache Is written to page 3 of the array. The remaining 
pages in the cache are then loaded sequentially to the 
array. A write cycle is executed after each page is 
written. If a partially loaded page in the cache remains 
when the STOP bit is sent, only the bytes that have been 
loaded will be written to the array. 

Power Management 

This design incorporates a power standby mode when 
the device is not in use and automatically powers off 
after the nonnal tennination of any operation when a 
stop bit is received and all internal functions are com
plete. This includes any error conditions, ie. not receiv
ing an acknowledge or stop condition per the two-wire 
bus specification. The device also incorporates Voe 
monitor circuitry to prevent inadvertent writes (data 
corruption) during low-voltage conditions. The Voe 
monitor circuitry is powered off when the device is in 
standby mode in order to further reduce power con
sumption. 

PIN DESCRIPTIONS 

AO. A1. A2 Chip Address Inputs 

The AO .. A2 inputs are used by the 24C32 for multiple 
device operation and conform to the two-wire bus stan
dard. The levels applied to these pins define the 
address block occupied by the device in the address 
map. A particular device is selected by transmitting the 
corresponding bits (A2, A 1, AO) in the control byte (see 
Figure4B). 

SDA Serial Address/Data Input/Output 

This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. It is an open drain 
terminal, therefore the SDA bus requires a pullup resis
tor to Vee (typical 1 OKn for 100 KHz, 1Knfor400 KHz). 

For normal data transfer SDA is allowed to change only 
duringSCLlow. ChangesduringSCLhigh are reserved 
for indicating the START and STOP conditions. 

SCL $erial Clock 

This input is used to synchronize the data transfer from 
and to the device. 
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FIGURE 11 ·CACHE WRITE TO THE ARRAY STARTING AT A PAGE BOUNDARY 

CD Write command initiated at byte O of page 3 in the array; 
First data byte is loaded into the cache byte 0. ® 64 bytes of data are loaded into cache. 

cache page O 

cache 
byte 1 

cache page 1 cache page 2 
bytes 8-15 bytes 16-23 

cache page 7 
bytes 56-63 

@ Write from cache into array initiated by STOP bit. 
© Remaining pages in cache are written 

to sequential pages in array. 
Page 0 of cache written to page 3 of array. 
Write cycle is executed after every page is written. 

array row n 

="-------'--=------..a...:.-=. _ _a_ __ ..a...:.-=._.J array row n + 1 

@ Last page in cache written to page 2 in next row. 

FIGURE 12 ·CACHE WRITE TO THE ARRAY STARTING AT A NON-PAGE BOUNDARY 

Last 2 bytes 
loaded into 
page o of cache. 

® 
CD Write command initiated; 64 bytes of data 

loaded into cache starting at byte 2 of page O. 
@ Last 2 bytes loaded 'roll over' 

to beginning. 

• cache 
byte2 

cache page 1 cache page 2 
bytes 8-15 bytes 16-23 

cache page 7 
bytes 56-63 

© Write from cache into array initiated by STOP bit. 
Page 0 of cache written to page 3 of array. @ Remaining bytes in cache are 
Write cycle is executed alter every page is written. written sequentially to array. 

~ 

@ Last 3 pages in cache written to next row in array. 
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SALES AND SUPPORT 

To orderor t6 o.btain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 

PART NUMBERS 

p 
SM 

J Temperature Blank ...._ _____ _ 
l Range: I 

I Device: 

DS21061C-page 12 

24C32 
24C32T 

5-102 

Plastic DIP 
Plastic SOIC (207 mil Body, EIAJ standard) 

0°C to +70°C 
-40°C to +85°C 

32K CMOS Serial EEPROM (100 KHz/400 KHz) 
32K CMOS Serial EEPROM (in Tape and Reel Form) 
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MICROCHIP 24LC32 
32K 2.5V CMOS Serial EEPROM 

FEATURES 

• Voltage operating range: 2.5V to 6.0V 
- Peak write current 3 mA at 6.0V 
- Maximum read current 150 µA at 6.0V 
- Standby current 5 µA typical 

• Industry standard two-wire bus protocol, 12C™ com
patible 
- Including 100 KHz (2.5V) and 400 KHz (5V) modes 

• Self-timed ERASE and WRITE cycles 
• Power on/off data protection circuitry 
• Endurance: - 20K Erase/Write cycles typical (28K 

block) 
-1 million ENI cycles typical (4K block) 

• 8 byte page, or byte modes available 
• 1 page x 8 line input cache (64 bytes) for fast write 

loads 
• Schmitt trigger, filtered inputs for noise suppression 
• Output slope control to eliminate ground bounce 
• 2 ms typical write cycle time, byte or page 
• Factory programming (OTP) available 
• Up to 8 devices may be connected to the same bus for 

up to 256K bits total memory 
• Electrostatic discharge protection > 4000V 
• Data retention > 40 years 
• 8-pin PDIP/SOIC packages 
• Temperature ranges: 

- Commercial: 0°Cto +70°C 
- Industrial: -40°C to +85°C 

PIN CONFIGURATIONS 

PDIP Package 

AO Vee 

A1 NC 

A2 SCL 

Vss SDA 

12C™ is a trademark of Philips Corporation 

© 1994 Microchip Technology Inc. 

5-103 

DESCRIPTION 

The Microchip Technology Inc. 24LC32 is a 4Kx 8 (32K 
bit) Serial Electrically Erasable PROM capable of opera
tion across a broad voltage range (2.5V to 6.0V). This 
device has been developed for advanced, low power 
applications such as personal communications or data 
acquisition. The 24LC32 features an input cache for fast 
write loads with a capacity of eight 8-byte pages, or 64 
bytes. It also features a fixed 4K-bit block of ultra-high 
endurance memory for data that changes frequently. 
The 24LC32 is capable of both random and sequential 
reads up to the 32K boundary. Functional address lines 
allow up to 8 - 24LC32 devices on the same bus, for up 
to 256K bits address space. Advanced CMOS technol
ogy and broad voltage range make this device ideal for 
low-power/low voltage, nonvolatile code and data appli
cations. The 24LC32 is available in the standard 8-pin 
plastic DIP and 8-pin surface mount SOIC package. 

BLOCK DIAGRAM 
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VccQ-
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SOIC Package 
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ELECTRICAL CHARACTERISTICS 

Maximum Ratings* 

Vcc ............................................................................................ 7.0V 
All inputs and outputs w.r.t. Vss ..... -0.6V to Vee +1.0V 
Storage temperature .......................... -65°C to+ 150°C 
Ambient temp. with power applied .... -65°C to + 125°C 
Soldering temperature of leads (10 seconds). +300°C 
ESD protection on all pins ................................. ~ 4 kV 

•Notice: Stresses above those listed under "Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at those or any other conditions above 
thoee indicated in the operational listings of this specification is not 
implied. Exposure to maximum rating conditions for extended periods 
may affect device reliability. 

DC CHARACTERISTICS 

Parameter Symbol 

AO, A 1, A2, SCL and SDA pins: 

High level input voltage VIH 

Low level input voltage VIL 

Hysteresis of Schmitt Trigger VHYS 
inputs 

Low level output voltage VOL 
Input leakage current ILi 
Output leakage current ILO 
Internal capacitance CINT 
(all inputs.loutputs) 

Operating current Ice Write 

Ice Read 

Standby current Ices 

Min. 

.7Vcc 

-
.05Vcc 

-
-10 
-10 

-

-
-
-

TABLE 1-PIN FUNCTIONS 

Name Function 

AO .. A2 User Configurable Chip Selects 
Vss Ground 
SDA Serial Address/Data 1/0 
SCL Serial Clock 
Vee +2.5V to 6.0V Power Supply 
NC No Internal Connection 

Vee = +2.5V to 6.0V 
Commercial (C) : Tamb = 0°Cto +70°C 
Industrial (I) : Tamb = -40°C to +85°C 

Max. Units Conditions 

- v 
.3Vcc v 

- v Note 1 

.40 v IOL=3.0mA 

10 uA VIN= .1V to Vee 

10 uA Vour = .1V to Vee 

10 pf Vee= 5.0V (Note 1) 
Tamb = 25°C, Fclk = 1 MHz 

3 mA Vee= 6.0V, SCL = 400 KHz 

150 µA Vee= 6.0V, SCL = 400 KHz 

50 µA Vee= 6.0V. SCL = SDA = Vee 

Note 1: This parameter is periodically sampled and not 100% tested. 

FIGURE 1 - BUS TIMING START/STOP 

VHYS 

SCL----
THD:STA 

TSU:STA 

SDA -------,-..1 

- -START STOP 
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AC CHARACTERISTICS 
Vee = 2.SV-6.0V Vee = 4.SV-6.0V 

STD. MODE FAST MODE 

Parameter Symbol Min Max Min Max Units Remarks 

Clock frequency FCLK 0 100 0 400 kHz 

Clock high time THIGH 4000 - 600 - ns 

Clock low time TLOW 4700 - 1300 - ns 

SDA and SCL rise time TR - 1000 - 300 ns Note 1 

SDA and SCL fall time TF - 300 - 300 ns Note 1 

ST ART condition hold time THD:STA 4000 - 600 - ns After this period the first 
clock pulse is generated 

START condition setup time TSU:STA 4700 - 600 - ns Only relevant for repeated 
START condition 

Data input hold time THO: DAT 0 - 0 - ns 

Data input setup time TSU:DAT 250 - 100 - ns 

STOP condition setup time Tsu:sro 4000 - 600 - ns 

Output valid from clock TAA - 3500 - 900 ns Note2 

Bus free time TeUF 4700 - 1300 - ns Time the bus must be free 
before a new transmission 
can start 

Output fall time from V1H min TOF - 250 20 +-0.1 250 ns Note 1, Ce ~ 100 pF to VIL max Ce 

Input filter spike suppression TSP N/A N/A 
(SDA and SCL pins) 

0 50 ns Note3 

Write cycle time TWR - 5 - 5 ms/page Note4 

Note 1: Not 100 percent tested. CB =total capacitance of one bus line in pF. 
Note 2: As a transmitter, the device must provide an internal minimum delay lime to bridge the undefined region (minimum 300 ns) 

of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 
Note 3: The combined TSP and VHYS specifications are due to new Schmitt trigger inputs which provide improved noise and spike 

suppression. This eliminates the need for a Tl specification for standard operation. 
Note 4: The times shown are for a single page of 8 bytes. Multiply by the number of pages loaded into the write cache for total time. 

FIGURE 2 - BUS TIMING DATA 

SCL 

SDA 
N 

SDA 
OUT 
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FUNCTIONAL DESCRIPTION 

The 24LC32 supports a bidirectional two-wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus must be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24LC32 works 
as slave. Both master and slave can operate as trans
mitter or receiver but the master device determines 
which mode is activated. 

BUS CHARACTERISTICS 

The following bus protocol has been defined: 

- Data transfer may be initiated only when the bus is not 
busy. 

- During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 
a START or STOP condition. 

Accordingly, the following bus conditions have been 
defined (See Figure 3). 

Bus not Busy (A) 

Both data and clock lines remain HIGH. 

Start Data Transfer (B) 

A HIGH to LOW transition of the SDA line while the clock 
(SCL) is HIGH determines a START condition. All 
commands must be preceded by a START condition. 

Stqp Data Transfer «fl 
A LOW to HIGH transition of the SDA line while the clock 
(SCL) is HIGH determines a STOP condition. All opera
tions must be ended with a STOP condition. 

Data Valid <o) 
The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 

The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 

Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device. 

Acknovirledge 

Each receiving device, when addressed, is obliged to 
generate an acknowledge signal after the reception of 
each byte. The master device must generate an extra 
clock pulse which is associated with this acknowledge 
bit. 

Note: The 24LC32 does not generate any acknowl
edge bits If an Internal programming cycle Is 
in progress. 

A device that acknowledges must pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. During 
reads, a master must signal an end of data to the slave 
by NOT generating an acknowledge bit on the last byte 
that has been clocked out of the slave. In this case, the 
slave (24LC32) will leave the data line HIGH to enable 
the master to generate the STOP condition. 

FIGURE 3 - DATA TRANSFER SEQUENCE ON THE SERIAL BUS 

(A) (B) 
SCL --t----t--. 

SDA 

-START CONDITION 
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BUS CHARACTERISTICS Operation Control Code Device Select R/W 

Read 1010 Device Address 1 

Write 1010 Device Address 0 

Device Addressing and Operation (Figure 4A) 

A control byte is the first byte received following the start 
condition from the master device. The control byte 
consists of a four bit control code; for the 24LC32 this is 
set as 1010 binary for read and write operations. The 
next three bits of the control byte are the device select 
bits (A2, A 1, AO). They are used by the master device 
to select which of the eight devices are to be accessed. 
These bits are in effect the three most significant bits of 
the word address. The last bit of the control byte defines 
the operation to be performed. When set to a one a read 
operation is selected, and when set to a zero a write 
operation is selected. The next two bytes received 
define the address of the first data byte (see Figure 48). 
Because only A 11 ... AO are used, the upper four address 
bits must be zeros. The most significant bit of the most 
significant byte of the address is transferred first. Fol
lowing the start condition, the 24LC32 monitors the SDA 
bus checking the device type identifier being transmit
ted. Upon receiving a 101 O code and appropriate device 
select bits, the slave device outputs an acknowledge 
signal on the SDA line. Depending on the state of the 
RJW bit, the 24LC32 will select a read or write operation. 

FIGURE 4A ·CONTROL BYTE ALLOCATION 

FIGURE 4B • ADDRESS SEQUENCE BIT ASSIGNMENTS 

Control Byte 

~ 
Slave 

Address 

L.___J 

Device 
Select 

Bits 
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WRITE OPERATION 

Split Endurance 

The 24C32 is organized as a continuous 32K block of 
memory. However, the first 4K, starting at address 000, 
is rated at 1 million E/W cycles typical. The remainder of 
the array, 28K bits, is rated at 20K E/W cycles typical. 
This feature is helpful in applications in which some data 
change frequently, while a majority of the data change 
infrequently. One example would be a cellular tele
phone in which last-number redial and microcontroller 
scratch pad require a high-endurance block, while speed 
dials and lookup tables change infrequently and so 
require only a standard endurance rating. 

Byte Write 

Following the start condition from the master, the control 
co.@ (four bits), the device select (three bits), and the 
RI# bit which is a logic low are clocked onto the bus by 
the master transmitter. This indicates to the addressed 
slave receiver that a byte with a word address will follow 
after it has generated an acknowledge bit during the 
ninth clock cycle. Therefore the next byte transmitted by 
the master is the high-order byte of the word address and 
will be written into the address pointer of the 24LC32. 
The next byte is the least significant address byte. After 
receiving another acknowledge signal from the 24LC32 
the master device will transmit the data word to be 
written into the addressed memory location. The 24LC32 

FIGURE 5 - BYTE WRITE 

s 

acknowledges again and the master generates a stop 
condition. This initiates the internal write cycle, and 
during this time the 24LC32 will not generate acknowl
edge signals (see Figure 5). 

Page Write 

The write control byte, word address and the first data 
byte are transmitted to the 24LC32 in the same way as 
in a byte write. But instead of generating a stop condi
tion, the master transmits up to eight pages of eight data 
bytes each (64 bytes total) which are temporarily stored 
in the on-chip page cache of the 24LC32. They will be 
written from cache into the EEPROM array after the 
master has transmitted a stop condition. After the 
receipt of each word, the six lower order address pointer 
bits are internally incremented by one. The higher order 
seven bits of the word address remain constant. If the 
master should transmit more than eight bytes prior to 
generating the stop condition. (writing across a page 
boundary), the address counter (lower three bits) will roll 
over and the pointer will be incremented to point to the 
next line in the cache. This can continue to occur up to 
eight times or until the cache is full, at which time a stop 
condition should be generated by the master. If a stop 
condition is not received, the cache pointer will roll 
over to the first line (byte 0) of the cache, and any 
further data received will overwrite previously cap
tured data. The stop condition can be sent at anytime 
during the transfer. As with the byte write operation, 
once a stop condition is received, an internal write 
cycle will begin. The 64-byte cache will continue to 
capture data until a stop condition occurs or the 
operation is aborted (see Figure 6). 

s 
Bus Activity: a Control Word Word 
Master r Byte Address (1) Address (0) Data 0 

t,----A--, ~ ~ ~ p 

SDA Line DlJl<....L.[JTI......_.__,___.__.__,lolL....Lolo_._I o .......... ITTO_._.__. ......... l _._I ..__.I l_._1 ......... 1 IL....LI _.._I ...._.I l_._l _._I 1 ......... 1 _._I ..__.I l_,__,O 
Bus Activity A A A A 

c c c c 
K K K K 

FIGURE 6- PAGE WRITE (For cache WRITE, see Figure 11) 
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ACKNOWLEDGE POLLING 

Since the device will not acknowledge during a write 
cycle, this can be used to detennine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com
mand has been issued from the master, the device 
initiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte for 
a write command (RIW = 0). If the device is still busy with 
the write cycle, then no ACK will be returned. If the cycle 
is complete, then the device will return the ACK and the 
master can then proceed with the next read or write 
command. See Figure 7 for flow diagram. 

FIGURE 7 ·ACKNOWLEDGE POLLING FLOW 

Send 
Write Command 

Send Stop 
Condition to 
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FIGURE 8 - CURRENT ADDRESS READ 
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READ OPERATION 

Read operations are initiated in the same ~y as write 
operations with the exception that the RNI/ bit of the 
slave address is set to one. There are three basic types 
of read operations: current address read, random read, 
and sequential read. 

Current Address Read 

The 24LC32 contains an address counter that maintains 
the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n (n is 
any legal address), the next current address read opera
tion would access data from.J1.ddress n + 1. Upon receipt 
oftheslaveaddresswith RNI/ bitsettoone, the24LC32 
issues an acknowledge and transmits the eight bit data 
word. The master will not acknowledge the transfer but 
does generate a stop condition and the 24LC32 discon
tinues transmission (see Figure 8). 

Random Read 

Random read operations allow the master to access any 
memory location in a random manner. To perfonn this 
type of read operation, first the word address must be 
set. This is done by sending the word~ddress to the 
24LC32 as part of a write operation (RNI/ bit set to 0). 
After the word address is sent, the master generates a 
start condition following the acknowledge. This tenni
nates the write operation, but not before the internal 
address pointer is set. Then ttJ..e master issues the 
control byte again but with the R/W bit set to a one. The 
24LC32 will then issue an acknowledge and transmit the 
eight bit data word. The master will not acknowledge the 
transfer but does generate a stop condition which causes 
the 24LC32 to discontinue transmission (see Figure 9). 

s 

Datan o 
~p 

1111111110 
N 
0 

A 
c 
K 
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Contiguous Addressing Across Multiple 
Devices 

The device select bits A2., A 1, AO can be used to expand 
the contiguous address space for up to 256K bits by 
adding up to eight 24LC32's on the same bus. In this 
case, software can use AO of the control byte as address 
bit A 12, A 1 as address bit A 13, and A2 as address bit 
A14. 

Sequential Read 

Sequential· reads are initiated in the same way as a 
random read except that after the 24LC32 transmits the 
first data byte, the master issues an acknowledge as 
opposed to the stop condition used in a random read. 
This acknowledge directs the 24LC32 to transmit the 
next sequentially addressed 8 bit word (see Figure 10). 
Following the final byte transmitted to the master, the 
master will NOT generate an acknowledge but will 
generate a stop condition. 

FIGURE 9 - RANDOM READ 

s 

To provide sequential reads the 24LC32 contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. The address pointer, however, 
will not roll over from address 07FF to address 0000. It 
will roll from 07FF to unused memory space. 

Noise Protection 

The SCL and SDA inputs have filter circuits which 
suppress noise spikes to ensure proper device opera
tion even on a noisy bus. All 1/0 lines incorporate 
Schmitt triggers for 400 KHz (Fast Mode) compatibility. 
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FIGURE 10- SEQUENTIAL READ 
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PAGE CACHE AND ARRAY MAPPING 

The cache is a 64 byte (8 pages x 8 bytes) FIFO buffer. 
The cache allows the loading of up to 64 bytes of data 
before the write cycle is actually begun, effectively 
providing a 64-byte burst write atthe maximum bus rate. 
Whenever a write command is initiated, the cache starts 
loading and will continue to load until a stop bit is 
received to start the internal write cycle. The total length 
of the write cycle will depend on how many pages are 
loaded into the cache before the stop bit is given. 
Maximum cycle time for each page is 10 ms. Even if a 
page is only partially loaded, it will still require the same 
cycle time as a full page. If more than 64 bytes of data 
are loaded before the stop bit is given, the address 
pointer will 'wrap around' to the beginning of cache page 
O and existing bytes in the cache will be overwritten. 

Cache Write Starting at a Page Boundary 

If a write command begins at a page boundary (address 
bits A2, A 1 and AO are zero), then all data loaded into the 
cache will be written to the array in sequential ad· 
dresses. This includes writing across a 4K block 
boundary. In the example shown below, (see Figure 11) 
a write command Is initiated starting at byte O of page 3 
with a fully loaded cache (64 bytes). The first byte in the 
cache is written to byte O of page 3 (of the array), with the 
remaining pages in the cache written to sequential 
pages in the array. A write cycle is executed after each 
page is written. Since the write begins at page 3 and 8 
pages are loaded into the cache, the last 3 pages of the 
cache are written to the next row in the array. 

Cache Write Starting at a Non-Page 
Boundary 

When a write command is initiated that does not begin 
at a page boundary (i.e., address bits A2, A 1 and AO are 
not all zero), it is important to note how the data is loaded 
into the cache, and how the data in the cache is written 
to the array. When a write command begins, the first 
byte loaded into the cache is always loaded into page 0. 
The byte within page O of the cache where the load 
begins is determined by the three least significant ad
dress bits (A2, A 1, AO) that were sent as part of the write 
command. If the write command does not start at byte 
O of a page and the cache is fully loaded, then the last 
byte(s) loaded into the cache will roll around to page o of 
the cache and fill the remaining empty bytes. If more 
than 64 bytes of data are loaded into the cache, data 
already loaded will be overwritten. In the example 

C 1994 Microchip Technology Inc. 
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shown below (see Figure 12), a write command has 
been initiated starting at byte 2 of page 3 in the array with 
a fully loaded cache of 64 bytes. Since the cache started 
loading at byte 2, the last two bytes loaded into the cache 
will 'roll over' and be loaded into the first two bytes of page 
O (of the cache). When the stop bit is sent, page O of the 
cache is written to page 3 of the array. The remaining 
pages in the cache are then loaded sequentially to the 
array. A write cycle is executed after each page is 
written. If a partially loaded page in the cache remains 
when the STOP bit is sent, only the bytes that have been 
loaded will be written to the array. 

Power Management 

This design incorporates a power standby mode when 
the device is not in use and automatically powers off 
afterthe normal termination of any operation when a stop 
bit is received and all internal functions are complete. 
This includes any error conditions, ie. not receiving an 
acknowledge or stop condition per the two-wire bus 
specification. The device also incorporates Voo monitor 
circuitry to prevent inadvertent writes (data corruption) 
during low-voltage conditions. The Voo monitor circuitry 
is powered off when the device is in standby mode in 
order to further reduce power consumption. 

PIN DESCRIPTIONS 

AO. A1. A2 Chip Address Inputs 

The AO .. A2 inputs are used by the 24LC32 for multiple 
device operation and conform to the two-wire bus stan
dard. The levels applied to these pins define the address 
block occupied by the device in the address map. A 
particular device is selected by transmitting the corre
sponding bits (A2, A 1, AO) in the control byte (see Figure 46). 

SDA Serial Address/Pata Input/Output 

This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. It is an open drain 
terminal, therefore the SDA bus requires a pullup resistor 
to Vee (typical 1 OK.Cl for 100 KHz, 1 Kn for 400 KHz) 

For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are reserved 
for indicating the START and STOP conditions. 

SCL Serlal Clock 

This input is used to synchronize the data transfer from 
and to the device. 
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FIGURE 11 - CACHE WRITE TO THE ARRAY STARTING AT A PAGE BOUNDARY 

<D Write command initiated at byte O of page 3 in the array; 
l=irst data byte is loaded into the cache byte 0. @ 64 bytes of data are loaded into cache. 

t cache page o 

cache cache 
byte O byte 1 

cache page 1 cache page 2 
bytes 8-15 bytes 16-23 

cache page7 
bytes 56-63 

@ Write from cache into array initiated by STOP bit. 
© Remaining pages in cache are written 

to sequential pages in array. 
Page O of cache written to page 3 of array. 
Write cycle is executed after every page is written. 

FIGURE 12 - CACHE WRITE TO THE ARRAY STARTING AT A NON-PAGE BOUNDARY 

Last 2 bytes @ 
loaded into 
page O of cache. 

© Write command initiated; 64 bytes of data 
loaded into cache starting at byte 2 of page 0. 

@ Last 2 bytes loaded 'roll over' 
to beginning. 

cache 
byte2 

cache page 1 cache page 2 
bytes 8· 15 bytes 16-23 

cachepage7 
bytes 56-63 

© Write from cache into array initiated by STOP bit. 
Page 0 of cache written to page 3 of array. @ Remaining bytes in cache are 
Write cycle is executed after every page is written. written sequentially to array. 

"-..... 

@ Last 3 pages in cache written to next row in array. 
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NOTES 

• 
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SALES AND SUPPORT 
To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 

PART NUMBERS 

p 
SM 

Plastic DIP 
Plastic SOIC (207 mil Body, EIAJ standard) 

J Temperature Blank 
--------ti Range: I 

0°C to +70°C 
-40°C to +85°C 

I Device: 24LC32 32K CMOS Serial EEPROM (100 KHz/400 KHz) 
24LC32T = 32K CMOS Serial EEPROM (in Tape and Reel Fonn) 

DS21072B-page 12 © 1994 Microchip Technology Inc. 
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MICROCHIP 24C65 
64K SV CMOS Smart Serial™ EEPROM 

FEATURES 

• Voltage operating range: 4.5V to 5.5V 
- Peak write current 3 mA at 5.5V 
- Maximum read current 150 µA at 5.5V 
- Standby current 5 µA typical 

• Industry standard two wire bus protocol, 12C™ com
patible 
- Including 400 KHz Mode 

• Programmable block security options 
• Programmable endurance options 
• Schmitt trigger, filtered inputs for noise suppression 
• Output slope control to eliminate ground bounce 
• Self-timed ERASE (E) and WRITE (W) cycles 
• Power on/off data protection circuitry 
• Endurance: 1 million E/W for a 4K block (typical) 

10,000 E/W for a SOK block (typical) 
• 8 byte page, or byte modes available 
• 1 page x 8 line input cache for fast write loads 
• Electrostatic discharge protection > 4000V 
• Data retention > 40 years 
• 8-pin PDIP/SOIC packages 
• Temperature ranges: 

- Commercial: 0°Cto +70°C 
- Industrial: -40°C to +85°C 

• 2 ms typical write cycle time, byte or page 
• Up to 8 devices may be connected to the same bus for 

up to 512K bits total memory 

PIN CONFIGURATIONS 

POIP Package 

:~01 : :: 
A2. 3 6 SCL 

Vss 4 5 SDA 

SOIC Package Ao08 Vee 
A1 2 7 NC 

A2. 3 6 SCL 

Vss 4 5 SDA 

12C is a trademark of Philips Corporation 
Smart Serial is a trademark of Microchip Technology Inc. 

© 1994 Microchip Technology Inc. 
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DESCRIPTION 

The Microchip Technology Inc. 24CS5 is a 'smart' BK x 
8 Serial Electrically Erasable PROM (EEPROM). This 
device has been developed for advanced, low power 
applications such as personal communications, and 
provides the systems designer with flexibility through the 
use of many new user-programmable features. The 
24CS5 offers a relocatable 4K bit block of ultra-high
endurance memory for data that changes frequently. 
The remainder of the array, or SOK bits, is rated at 10,000 
ERASE/WRITE (E/W) cycles typical. The 24CS5 fea
tures an input cache for fast write loads with a capacity 
of eight pages, or S4 bytes. This device also features 
programmable security options for E/W protection of 
critical data and/or code of up to fifteen 4K blocks. • 
Functional address lines allow the connection of up to 
eight 24CS5's on the same bus for up to 512K bits 
contiguous EEPROM memory. Advanced CMOS tech-
nology makes this device ideal for low-power nonvolatile 
code and data applications. The 24CS5 is available in 
the standard 8-pin plastic DIP and 8-pin surface mount 
SOIC package. 

BLOCK DIAGRAM 

SDA 

vcco-
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ELECTRICAL CHARACTERISTICS 

Maximum Ratings* 

Vcc ............................................................................................ 7.0V 
All inputs and outputs w.r.t. Vss ..... -0.6V to Vee+ 1.0V 
Storage temperature .......................... -65°C to+ 150°C 
Ambient temp. with power applied .... -65°C to +125°C 
Soldering temperature of leads (10 seconds). +300°C 
ESD protection on all pins ................................. ~ 4 kV 

*Notice: Stresses above those listed under "Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at those or any other conditions above 
those indicated in the operational listings of this specHicalion is not 
implied. Exposure to maximum rating conditions for extended periods 
may affect device reliability. 

DC CHARACTERISTICS 

Parameter Symbol Min. 

AO, A 1, A2, SCL and SDA pins: 

High level input voltage VIH .7Vcc 

Low level input voltage VIL -
Hysteresis of Schmitt Trigger VHYS .05Vcc 
inputs 

Low level output voltage VOL -
Input leakage current ILi -10 
Output leakage current ILO -10 
Internal capacitance CINT -
(all inputs/outputs) 

Operating current Ice Write -
Ice Read -

Standby current Ices -

PIN FUNCTION TABLE 

Name Function 

AO .. A2 User Configurable Chip Selects 
Vss Ground 
SDA Serial Address/Data 110 
SCL Serial Clock 
Vee +4.5V to 5.5V Power Supply 
NC No Internal Connection 

Vee = +4.5V to 5.5V 
Commercial (C) : Tamb = o•c to +10°c 
Industrial (I): Tamb = -40°C to +B5°C 

Max. Units Conditions 

- v 
.3Vcc v 
- v Note 1 

.40 v IOL=3.0mA 

10 µA VIN = .1 v to Vee 

10 µA VOUT = .1V to Vee 

10 pf Vee= 5.0V (Note 1) 
Tamb = 25°C, Fclk = 1 MHz 

3 mA Vee= 5.5V, SCL = 400 KHz 

150 µA Vee= 5.5V, SCL = 400 KHz 

50 µA Vee= 5.5V, SCL = SDA = Vee 

Note 1: This parameter is periodically sampled and not 100% tested. 

FIGURE 1 - BUS TIMING START/STOP 

VHYS 

SCL---J 
THD:STA 

Tsu:STA 

SDA -------,.~1 

START STOP 
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AC CHARACTERISTICS 
Vee = 2.5V-5.5V Vee = 4.5V-5.5V 

STD.MODE FAST MODE 

Parameter Symbol Min Max Min Max Units Remarks 

Clock frequency FCLK 0 100 0 400 kHz 

Clock high time THIGH 4000 - 600 - ns 

Clock low time TLOW 4700 - 1300 - ns 

SDA and SCL rise time TR - 1000 - 300 ns Note 1 

SDA and SCL fall time TF - 300 - 300 ns Note 1 

ST ART condition hold time THD:STA 4000 - 600 - ns After this period the first 
clock pulse is generated 

START condition setup time TSU:STA 4700 - 600 - ns Only relevant for repeated 
START condition 

Data input hold time THO:DAT 0 - 0 - ns 

Data input setup time TSU:DAT 250 - 100 - ns 

STOP condition setup time TSU:STO 4000 - 600 - ns 

Output valid from clock TAA - 3500 - 900 ns Note2 

Bus free time TBUF 4700 - 1300 - ns Time the bus must be free 
before a new transmission 
can start 

Output fall time from VIH min TOF - 250 20+0.1 250 ns Note 1, CB~ 100 pF to VIL max CB 

Input filter spike suppression 
(SDA and SCL pins) 

TSP NIA NIA 0 50 ns Note3 

Write cycle time TWA - 5 - 5 ms/page Note4 

Note 1: Not 100 percent tested. CB= total capacitance of one bus line in pF. 
Note 2: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 

(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 
Note 3: The combined TSP and VHYS specifications are due to new Schmitt trigger inputs which provide improved noise 

and spike suppression. This eliminates the need for a T1 specification for standard operation. 
Note 4: The times shown are for a single page of 8 bytes. Multiply by the number of pages loaded into the write cache 

for total time. 

FIGURE 2-BUS TIMING DATA 

SCL 

SDA 
N 

SDA 
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FUNCTIONAL DESCRIPTION 

The 24C65 supports a bidirectional two-wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus must be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24C65 works as 
slave. Both master and slave can operate as transmitter 
or receiver but the master device determines which 
mode is activated. 

BUS CHARACTERISTICS 

The following bus protocol has been defined: 

- Data transfer may be initiated only when the bus is not 
busy. 

- During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 
a START or STOP condition. 

Accordingly, the following bus conditions have been 
defined (See Figure 3). 

Bus not Busy CA) 

Both data and clock lines remain HIGH. 

Start Data Transfer CB) 

A HIGH to LOW transition of the SDA line while the clock 
(SCL) is HIGH determines a START condition. All 
commands must be preceded by a START condition. 

Stop Data Transfer (C) 

A LOW to HIGH transition of the SDA line while the clock 
(SCL) is HIGH determines a STOP condition. All opera
tions must be ended with a STOP condition. 

Data Valid (D) 

The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 

The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 

Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device. 

Acknowledge 

Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 

Note: The 24C65 does not generate any acknowl-
edge bits If an internal programming cycle is 
in progress. 

A device that acknowledges must pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. During 
reads, a master must signal an end of data to the slave 
by NOT generating an acknowledge bit on the last byte 
that has been clocked out of the slave. In this case, the 
slave (24C65) must leave the data line HIGH to enable 
the master to generate the STOP condition. 

FIGURE 3 - DATA TRANSFER SEQUENCE ON THE SERIAL BUS 

(A) (B) 
SCL ---t---ir---.. 

SDA 

START CONDITION 
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BUS CHARACTERISTICS 

Device Addressing and Operation (Figure 4) 

A control byte is the first byte received following the start 
condition from the master device. The control byte 
consists of a lour bit control code, for the 24C65 this is 
set as 1010 binary for read and write operations. The 
next three bits of the control byte are the device select 
bits (A2, A 1, AO). They are used by the master device 
to select which of the eight devices are to be accessed. 
These bits are in effect the three most significant bits of 
the word address. The last bit of the control byte (RJW) 
defines the operation to be performed. When set to a 
one a read operation is selected, when set to a zero a 
write operation is selected. The next two bytes received 
define the address of the first data byte (see Figure 5). 
Because only A12 .. AO are used, the upper three ad
dress bits must be zeros. The most significant bit of the 
most significant byte is transferred first. Following the 
start condition, the 24C65 monitors the SDA bus check
ing the device type identifier being transmitted. Upon 
receiving a 1010 code and appropriate device select 
bits, the slave device (24C65) outputs an acknowledge 
si!!!:!_al on the SDA line. Depending upon the state of the 
R/W bit, the 24C65 will select a read or write operation. 

-
Operation Control Code Device Select R/W 

Read 1010 Device Address 1 

Write 1010 Device Address 0 

FIGURE 4 - CONTROL BYTE ALLOCATION 

START 

/ 
SLAVE ADDRESS 

0 0 A2. A1 

FIGURE 5 - BYTE WRITE 

s 
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WRITE OPERATION 

Byte Write 

Following the start condition from the master, the control 
code (lour bits), the device select (three bits), and the 
R!W bit which is a logic low is placed onto the bus by the 
master transmitter. This indicates to the addressed 
slave receiver (24C65) that a byte with a word address 
will follow alter it has generated an acknowledge bit 
during the ninth clock cycle. Therefore the next byte 
transmitted by the master is the high-order byte of the 
word address and will be written into the address pointer 
of the 24C65. The next byte is the least significant 
address byte. After receiving another acknowledge 
signal from the 24C65 the master device will transmit the 
data word to be written into the addressed memory 
location. The 24C65 acknowledges again and the 
master generates a stop condition. This initiates the 
internal write cycle, and during this time the 24C65 will 
not generate acknowledge signals (see Figure 5). 

Page Write 

The write control byte, word address and the first data 
byte are transmitted to the 24C65 in the same way as in 
a byte write. But instead of generating a stop condition • 
the master transmits up to eight pages of eight data 
bytes each (64 bytes total) which are temporarily stored 
in the on-chip page cache of the 24C65. They will be 
written from the cache into the EEPROM array after the 
master has transmitted a stop condition. After the 
receipt of each word, the six lower order address pointer 
bits are internally incremented by one. The higher order 
seven bits of the word address remain constant. If the 
master should transmit more than eight bytes prior to 
generating the stop condition (writing across a page 
boundary), the address counter (lower three bits) will roll 
over and the pointer will be incremented to point to the 
next line in the cache. This can continue to occur up to 
eight times or until the cache is full, at which time a stop 
condition should be generated by the master. If a stop 
condition is not received, the cache pointer will roll 
over to the first line (byte 0) of the cache, and any 
further data received will overwrite previously cap-
tured data. The stop condition can be sent at any time 
during the transfer. As with the byte write operation, 
once the stop condition is received an internal write 
cycle will begin. The 64 byte cache will continue to 
capture data until a stop condition occurs or the 
operation is aborted (see Figure 6). 

s 
Bus Activity: a Control Word Word t 
Master r Byte Address (1) Address (0) Data o 

t ,---A----, ,---A----, ,----A-----, ,----A-----, p 

SDALine DlJl._._ITTI..J-L...l......._.__._lolo_._lo.1-1.I l_._l .i.....il l_._l ...J._JI IL....Ll...._l l'--'-1...._I ......_ll_._l .1..-1.l l_._l .1..-1.l l_._I .1-1.I 1-'--'0 

Bus Activity 
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FIGURE 6- PAGE WRITE (For cache WRITE, see Figure 12) 

s 
s 

Bus Activity: a Control Word Word 
Master r Byte 
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SDA Line DlJl DJ] 
Bus Activity 
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FIGURE 7 - CURRENT ADDRESS READ 

s 
t s 

Bus Activity: a Control 
Master r Byte Data n o 
t~~p 

SDA Line D1J1JJJJlJIDIII 
A N 
c 0 

Bus Activity 

FIGURE 8 - RANDOM READ 
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FIGURE 9 - SEQUENTIAL READ 
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READ OPERATION 

Read operations are initiated in the same way as write 
operations with the exception that the RJW bit of the slave 
address is set to one. There are three basic types of read 
operations: current address read, random read, and se
quential read. 

Current Address Read 

The 24C65 contains an address counter that maintains 
the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n (n is any 
legal address), the next current address read operation 
would access data from address n + 1. Upon receipt of the 
slave address with RIW bit set to one, the 24C65 issues 
an acknowledge and transmits the eight bit data word. 
The master will not acknowledge the transfer but does 
generate a stop condition and the 24C65 discontinues 
transmission (see Figure 7). 

Random Read 

Random read operations allow the master to access any 
memory location in a random manner. To perform this 
type of read operation, first the word address must be set. 
This is done by sending the word address to the 24C65 as 
part of a write operation (RIW bit set to 0). After the word 
address is sent, the master generates a start condition 
following the acknowledge. This terminates the write 
operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but with 
the RiW bit set to a one. The 24C65 will then issue an 
acknowledge and transmit the eight bit data word. The 
master will not acknowledge the transfer but does gener
ate a stop condition which causes the 24C65 to discon
tinue transmission (see Figure 8). 

Seauential Read 

Sequential reads are initiated in the same way as a 
random read except that after the 24C65 transmits the 
first data byte, the master issues an acknowledge as 
opposed to the stop condition used in a random read. This 
acknowledge directs the 24C65 to transmit the next 
sequentially addressed 8 bit word (see Figure 9). Follow
ing the final byte transmitted to the master, the master will 
NOT generate an acknowledge but will generate a stop 
condition. 

To provide sequential reads the 24C65 contains an inter
nal address pointer which is incremented by one at the 
completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. 

Contiguous Addressing Across Multiple 
Devices 

The device select bits A2, A 1, AO can be used to expand 
the contiguous address space for up to 512K bits by 
adding up to eight 24C65's on the same bus. In this case, 
software can use AO of the control byte as address bit A 13, 
A 1 as address bit A 14, and A2 as address bit A 15. 

© 1994 Microchip Technology Inc. 
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Noise Protection 

The SCL and SDA inputs have filter circuits which 
suppress noise spikes to assure proper device opera
tion even on a noisy bus. All 1/0 lines incorporate 
Schmitt triggers for 400 KHz (Fast Mode) compatibil
ity. 

High Endurance Block 

The location of the high-endurance block within the 
memory map is programmed by setting the leading bit 
7 (S/HE) of the configuration byte to 0. The upper bits 
of the address loaded in this command will determine 
which 4K block within the memory map will be set to 
high endurance (see Figure 11 ). This block will be 
capable of one million erase/write cycles typical. 

Note: The High Endurance Block cannot be 
changed after the security option has been 
set. If the H.E. block is not programmed by 
the user, the default location is the highest 
block of memory. 

Security Options 

The 24C65 has a sophisticated mechanism for write
protecting portions of the array. This write protect 
function is programmable and allows the user to pro
tect 0-15 contiguous 4K blocks. The user sets the 
security option by sending to the device the starting 
block number for the protected region and the number 
of blocks to be protected. If the security option is 
invoked with O blocks protected, then all portions of the 
array will be unprotected. All parts will come from the 
factory in the default configuration with the starting 
block number set to 15 and the number of protected 
blocks set to zero. THE SECURITY OPTION CAN BE 
SET ONLY ONCE. 

To invoke the security option, a write command is sent 
to the device with the leading bit (bit 7) of the first 
address byte setto a 1 (see Figure 11 ). Bits 1-4 of the 
first address byte define the starting block number for 
the protected region. For example, if the starting block 
number is to be setto 5, the first address byte would be 
1XX0101 X. Bits 0, 5 and 6 of the first address byte are 
disregarded by the device and can be either high or 
low. The device will acknowledge after the first ad
dress byte. A byte of don't care bits is then sent by the 
master, with the device acknowledging afterwards. 
The third byte sent to the device has bit 7 (S/HE) set 
high and bit 6 (R) set low. Bits 4 and 5 are don't cares 
and bits 0-3 define the number of blocks to be write 
protected. For example, if three blocks are to be 
protected, the third byte would be 10XX0011. Afterthe 
third byte is sent to the device, it will acknowledge and 
a STOP bit is then sent by the master to complete the 
command. 
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During a normal write sequence, if an attempt is made to 
write to a protected address, no data will be written and 
the device will not report an error or abort the command. 
If a write command is attempted across a secure bound
ary, unprotected addresses will be written and protected 
addresses will not. 

Security Configuration Read 

The status of the secure portion of memory can be read 
by using the same technique as programming this option 
exceptthe READ bit (bit 6) of the configuration byte is set 
to a one. After the configuration byte is sent, the device 
will acknowledge and then send two bytes of data to the 
master just as in a normal read sequence. The master 
must acknowledge the first byte and not acknowledge 
the second, and then send a stop bit to end the se
quence. The upper four bits of both of these bytes will 
always be read as '1 's. The lower four bits of the first byte 
contains the starting secure block. The lower four bits of 
the second byte contains the number of secure blocks. 
The default starting secure block is fifteen and the 
default number of secure blocks is zero (see Figure 11 ). 

ACKNOWLEDGE POLLING 

Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com
mand has been issued from the master, the device 
initiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte for 
a write command (RJW = 0). If the device is still busy with 
the write cycle, then no ACK will be returned. If the cycle 
is complete, then the device will return the ACK and the 
master can then proceed with the next read or write 
command. See Figure 1 O for flow diagram. 
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FIGURE 10 - ACKNOWLEDGE POLLING FLOW 
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PAGECACHEANDARRAYMAP~NG 

The cache is a 64 byte (8 pages x 8 bytes) FIFO buffer. 
The cache allows the loading of up to 64 bytes of data 
before the write cycle is actually begun, effectively 
providing a 64-byte burst write at the maximum bus rate. 
Whenever a write command is initiated, the cache starts 
loading and will continue to load until a stop bit is 
received to start the internal write cycle. The total length 
of the write cycle will depend on how many pages are 
loaded into the cache before the stop bit is given. 
Maximum cycle time for each page is 1 O ms. Even if a 
page is only partially loaded, it will still require the same 
cycle time as a full page. If more than 64 bytes of data 
are loaded before the stop bit is given, the address 
pointer will 'wrap around' to the beginning of cache page 
O and existing bytes in the cache will be overwritten. 

Cache Write Starting at a Page Boundary 

If a write command begins at a page boundary (address 
bits A2, A 1 and AO are zero), then all data loaded into the 
cache will be written to the array in sequential ad
dresses. This includes writing across a 4K block 
boundary. In the example shown below, (see Figure 12) 
a write command is initiated starting at byte O of page 3 
with a fully loaded cache (64 bytes). The first byte in the 
cache is written to byte O of page 3 (of the array), with the 
remaining pages in the cache written to sequential 
pages in the array. A write cycle is executed after each 
page is written. Since the write begins at page 3 and 8 
pages are loaded into the cache, the last 3 pages of the 
cache are written to the next row in the array. 

Cache Write Starting at a Non-Page 
Boundary 

When a write command is initiated that does not begin 
at a page boundary (i.e., address bits A2, A 1 and AO are 
not all zero), it is importantto note how the data is loaded 
into the cache, and how the data in the cache is written 
to the array. When a write command begins, the first 
byte loaded into the cache is always loaded into page o. 
The byte within page O of the cache where the load 
begins is determined by the three least significant ad
dress bits (A2, A 1, AO) that were sent as part of the write 
command. If the write command does not start at byte 
O of a page and the cache is fully loaded, then the last 
byte(s) loaded into the cache will roll around to page O of 
the cache and fill the remaining empty bytes. If more 
than 64 bytes of data are loaded into the cache, data 
already loaded will be overwritten. In the example 
shown in Figure 13, a write command has been initiated 
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starting at byte 2 of page 3 in the array with a fully loaded 
cache of 64 bytes. Since the cache started loading at 
byte 2, the last two bytes loaded into the cache will 'roll 
over' and be loaded into the first two bytes of page 0 (of 
the cache). When the stop bit is sent, page O of the cache 
is written to page 3 of the array. The remaining pages in 
the cache are then loaded sequentially to the array. A 
write cycle is executed after each page is written. If a 
partially loaded page in the cache remains when the 
STOP bit is sent, only the bytes that have been loaded 
will be written to the array. 

Power Management 

The design incorporates a power standby mode when 
not in use and automatically powers off after the normal 
termination of any operation when a stop bit is received 
and all internal functions are complete. This includes 
any error conditions, i.e. not receiving an acknowledge 
or stop condition per the two-wire bus specification. The 
device also incorporates Voo monitor circuitry to pre
vent inadvertent writes (data corruption) during low
voltage conditions. The Voo monitor circuitry is powered 
off when the device is in standby mode in order to further 
reduce power consumption • 

PIN DESCRIPTIONS 

AO. A 1. A2 Chip Address Inputs 

The AO .. A2 inputs are used by the 24C65 for multiple 
device operation and conform to the two-wire bus stan
dard. The levels applied to these pins define the address 
block occupied by the device in the address map. A 
particular device is selected by transmitting the corre
sponding bits (A2, A 1, AO) in the control byte (see 
Figures 4 and 11 ) . 

SDA Serial Address/Data Input/Output 

This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. It is an open drain 
terminal, therefore the SDA bus requires a pullup resis
tor to Vee (typical 1 OKQ for 100 KHz, 1Knfor400 KHz). 

For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are reserved 
for indicating the START and STOP conditions. 

SCL Serial Clock 

This input is used to synchronize the data transfer from 
and to the device. 
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FIGURE 11 - CONTROL SEQUENCE BIT ASSIGNMENTS 
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FIGURE 12 ·CACHE WRITE TO THE ARRAY STARTING AT A PAGE BOUNDARY 

G) Write command initiated at byte o of page 3 in the array; 
First data byte is loaded into the cache byte o. 

r cache page 0 

® 64 bytes of data are loaded into cache. 

cache 
byte o 

cache 
byte 1 

cache cache page 1 cache page 2 
byte 7 bytes 8-15 bytes 16-23 

cache page 7 
bytes 56-63 

@ Write from cache into array initiated by STOP bit. 
Page 0 of cache written to page 3 of array. 
Write cycle is executed after every page is written. 

@ Remaining pages in cache are written 
to sequential pages in array. 

@ Last page in cache written to page 2 in next row . 

FIGURE 13 ·CACHE WRITE TO THE ARRAY STARTING AT A NON-PAGE BOUNDARY 

Last 2 bytes 
loaded into 
page O of cache. 

@ 

G) Write command initiated; 64 bytes of data 
loaded into cache starting at byte 2 of page 0. 

@ Last 2 bytes loaded 'roll over' 
to beginning. 

cache cache 
byte 0 byte 1 

+ 
cache 
byte 2 

cache page 1 cache page 2 
bytes 8-15 bytes 16-23 

cache page 7 
bytes 56-63 

\ @ Write from cache into array initiated by STOP bit. 
Page o of cache written to page 3 of array. ® Remaining bytes in cache are 
Write cycle is executed after every page is written. written sequentially to array. 

page o page 1 page 2 bYfeOi b~li:~< ;~Yt~2 <t?YteS i~A> 
~9; ti~:;j f.1~2 page 3 

® Last 3 pages in cache written to next row in array. 
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SALES AND SUPPORT 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 

PART NUMBERS 

24C65 -
--,.- "T" 

p 
SM 

Plastic DIP 
Plastic SOIC (207 mil Body, EIAJ standard) 

J Temperature Blank 0°C to +70°C .__ ____ I Range: I = -40°C to +85°C 

.__ ______ .... J Device: 
l 

DS21058D-page 12 

24C65 = 64K CMOS Serial EEPROM (100 KHz/400 KHz) 
24C65T = 64K CMOS Serial EEPROM (in Tape and Reel Form) 

© 1994 Microchip Technology Inc. 
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MICROCHIP 24LC65 
64K 2.SV CMOS Smart Serial™ EEPROM 

FEATURES 

• Voltage operating range: 2.5V to 6.0V 
- Peak write current 3 mA at 6.0V 
- Maximum read current 150 µA at 6.0V 
- Standby current 5 µA typical 

• Industry standard two wire bus protocol 12C™ compat
ible 
- Including 100 KHz (2.5V) and 400 KHz (5V) Modes 

• Programmable block security options 
• Programmable endurance options 
• Schmitt trigger, filtered inputs for noise suppression 
• Output slope control to eliminate ground bounce 
• Self-timed ERASE (E) and WRITE (W) cycles 
• Power on/off data protection circuitry 
• Endurance: 1 million E/W for a 4K block (typical) 

10,000 E/W for a 60K block (typical) 
• 8 byte page, or byte modes available 
• 1 page x 8 line input cache for fast write loads 
• Electrostatic discharge protection > 4000V 
• Data retention > 40 years 
• 8-pin PDIP/SOIC packages 
• Temperature ranges: 

- Commercial: 0°Cto +70°C 
- Industrial: -40°C to +85°C 

• 2 ms typical write cycle time, byte or page 
• Up to 8 devices may be connected to the same bus for 

up to 512K bits total memory 

PIN CONFIGURATIONS 

PDIP Package 

:~01 : :: 
A23 6 SCL 

Vss 4 5 SDA 

SOIC Package 

AOOS Vee 
A1 2 7 NC 

A2 3 6 SCL 

Vss 4 5 SDA 

12C is a trademark of Philips Corporation 
Smart Serial is a trademark of Microchip Technology Inc. 

© 1994 Microchip Technology Inc. 
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DESCRIPTION 

The Microchip Technology Inc. 24LC65 is a "smart" SK 
x 8 Serial Electrically Erasable PROM. This device has 
been developed for advanced, low power applications 
such as personal communications, and provides the 
systems designer with flexibility through the use of many 
new user-programmable features. The 24LC65 offers a 
relocatable 4K bit block of ultra-high-endurance memory 
for data that changes frequently. The remainder of the 
array, or60K bits, is rated at 10,000 ERASE/WRITE (E/W) 
cycles typical. The 24LC65 features an input cache for 
fast write loads with a capacity of eight pages, or 64 
bytes. This device also features programmable secu
rity options for E/W protection of critical data and/or code 
of up to fifteen 4K blocks. Functional address lines allow 
the connection of up to eight 24LC65's on the same bus 
for up to 512K bits contiguous EE PROM memory. Ad
vanced CMOS technology makes this device ideal for 
low-power non-volatile code and data applications. The 
24LC65 is available in the standard8-pin plastic DIP and 
8-pin surface mount SOIC package. 

BLOCK DIAGRAM 

SDA 

VccO-
VssO-- Sense AMP 

R/WControl 
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ELECTRICAL CHARACTERISTICS 

Maximum Ratings* 

Vcc ............................................................................................ 7.0V 
All inputs and outputs w.r.t. Vss ..... -0.6V to Vee + 1.0V 
Storage temperature .......................... -65°C to+ 150°C 
Ambient temp. with power applied .... -65°C to + 125°C 
Soldering temperature of leads (1 o seconds) . +300°C 
ESD protection on all pins ................................. ;:: 4 kV 

•Notice: Stresses above those listed under "Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at those or any other conditions above 
those indicated in the operational listings of this specttication is not 
implied. Exposure to maximum rating conditions for extended periods 
may affect device reliability. 

DC CHARACTERISTICS 

Parameter Symbol 

AO, A 1, A2, SCL and SDA pins: 

High level input voltage VIH 
Low level input voltage VIL 

Hysteresis of Schmitt Trigger VHYS 
inputs 

Low level output voltage VOL 
Input leakage current lu 
Output leakage current ILO 
Internal capacitance CINT 
(all inputs/outputs) 

Operating current Ice Write 

Ice Read 

Standby current Ices 

Min. 

.7Vcc 

-
.05 Vee 

-
-10 

-10 

-

-
-
-

PIN FUNCTION TABLE 

Name Function 

AO .. A2 User Configurable Chip Selects 
Vss Ground 
SDA Serial Address/Data 1/0 
SCL Serial Clock 
Vee +2.5V to 6.0V Power Supply 
NC No Internal Connection 

Vee = +2.5V to 6.0V 
Commercial (C) : Tamb = 0°Cto +70°C 
Industrial (I) : Tamb = -40°C to +85°C 

Max. Units Conditions 

- v 
.3Vcc v 

- v Note 1 

.40 v IOL=3.0mA 

10 uA VIN - .1 v to Vee 

10 µA VOUT = .1V to Vee 

10 pF Vee = 5.0V (Note 1) 
Tamb = 25°C, Fclk = 1 MHz 

3 mA Vee= 6.0V, SCL = 400 KHz 

150 µA Vee= 6.0V, SCL = 400 KHz 

50 µA Vee= 6.0V, SCL = SDA = Vee 

Note 1: This parameter is periodically sampled and not 100% tested. 

FIGURE 1 - BUS TIMING START/STOP 

VHYS 

SCL ----' 

Tsu:sTA 

START STOP 
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AC CHARACTERISTICS 
Vee = 2.SV-6.0V Vee= 4.SV-6.0V 

STD.MODE FAST MODE 

Parameter Symbol Min Max Min Max Units Remarks 

Clock frequency FCLK 0 100 0 400 kHz 

Clock high time THIGH 4000 - 600 - ns 

Clock low time TLOW 4700 - 1300 - ns 

SDA and SCL rise time TR - 1000 - 300 ns Note 1 

SDA and SCL fall time TF - 300 - 300 ns Note 1 

START condition hold time THD:STA 4000 - 600 - ns After this period the first 
clock pulse is generated 

ST ART condition setup time TSU:STA 4700 - 600 - ns Only relevant for repeated 
START condition 

Data input hold time THD:DAT 0 - 0 - ns 

Data input setup time Tsu:DAT 250 - 100 - ns 

STOP condition setup time TSU:STO 4000 - 600 - ns 

Output valid from clock TAA - 3500 - 900 ns Note2 

Bus free time TBUF 4700 - 1300 - ns Time the bus must be free 
before a new transmission 
can start 

Output fall time from V1H min TOF - 250 20+0.1 250 ns Note 1, Cs~ 100 pF to V1Lmax Cs 

Input filter spike suppression 
(SDA and SCL pins) 

TSP NIA N/A 0 50 ns Note3 

Write cycle time TWR - 5 - 5 ms/page Note4 

Note 1: Not 100 percent tested. Cs= total capacitance of one bus line in pF. 
Note 2: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 

(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 
Note 3: The combined TSP and VHYS specifications are due to new Schmitt trigger inputs which provide improved noise 

and spike suppression. This eliminates the need for a T1 specification for standard operation. 
Note 4: The times shown are for a single page of 8 bytes. Multiply by the number of pages loaded into the write cache 

for total time. 

FIGURE 2 - BUS TIMING DATA 

SCL 

SDA 
N 

SDA 
OUT 
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FUNCTIONAL DESCRIPTION 

The 24LC65 supports a bidirectional two-wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus must be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24LC65 works 
as slave. Both master and slave can operate as trans
mitter or receiver but the master device determines 
which mode is activated. 

BUS CHARACTERISTICS 

The following bus protocol has been defined: 

- Data transfer may be initiated only when the bus is not 
busy. 

- During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 
a START or STOP condition. 

Accordingly, the following bus conditions have been 
defined (see Figure 3). 

Bus not Busy (A) 

Both data and clock lines remain HIGH. 

Start Data Transfer (B) 

A HIGH to LOW transition of the SDA line while the clock 
(SCL) is HIGH determines a START condition. All 
commands must be preceded by a START condition. 

Stop Data Transfer (C) 

A LOW to HIGH transition of the SDA line while the clock 
(SCL) is HIGH determines a STOP condition. All opera
tions must be ended with a STOP condition. 

Data Valid (D) 

The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 

The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 

Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device. 

Acknowledge 

Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 

Note: The 24LC65 does not generate any acknowl-
edge bits if an internal programming cycle is 
in progress. 

A device that acknowledges must pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. During 
reads, a master must signal an end of data to the slave 
by NOT generating an acknowledge bit on the last byte 
that has been clocked out of the slave. In this case, the 
slave (24LC65) must leave the data line HIGH to enable 
the master to generate the STOP condition. 

FIGURE 3 ·DATA TRANSFER SEQUENCE ON THE SERIAL BUS 

(A) (B) 
SCL ---1--+--. 

SDA 

START CONDITION 
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BUS CHARACTERISTICS 

Device Addressing and Operation (Figure 4) 

A control byte is the first byte received following the start 
condition from the master device. The control byte 
consists of a four bit control code, for the 24LC65 this is 
set as 1010 binary for read and write operations. The 
next three bits of the control byte are the device select 
bits (A2, A 1, AO). They are used by the master device 
to select which of the eight devices are to be accessed. 
These bits are in effect the three most significant bits of 
the word address. The last bit of the control byte defines 
the operation to be performed. When setto a one a read 
operation is selected, when set to a zero a write opera
tion is selected. The next two bytes received define the 
address of the first data byte (see Figure 5). Because 
only A 12 .. AO are used, the upper three address bits 
must be zeros. The most significant bit of the most 
significant byte is transferred first. Following the start 
condition, the 24LC65 monitors the SDA bus checking 
the device type identifier being transmitted. Upon 
receiving a 1010 code and appropriate device select 
bits, the slave device {24LC65) outputs an acknowledge 
signal on the SDA line. Depending upon the state of the 
RiW bit, the 24LC65 will select a read or write operation. 

-
Operation Control Code Device Select R/W 

Read 1010 Device Address 1 

Write 1010 Device Address 0 

FIGURE 4 - CONTROL BYTE ALLOCATION 

START READ/WRITE 

/ 
SLAVE ADDRESS 

0 0 

FIGURE 5 - BYTE WRITE 

s 
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WRITE OPERATION 

Byte Write 

Following the start condition from the master, the control 
code (four bits), the device select (three bits), and the 
RiW bit which is a logic low is placed onto the bus by the 
master transmitter. This indicates to the addressed 
slave receiver (24LC65) that a byte with a word address 
will follow after it has generated an acknowledge bit 
during the ninth clock cycle. Therefore the next byte 
transmitted by the master is the high-order byte of the 
word address and will be written into the address pointer 
of the 24LC65. The next byte is the least significant 
address byte. After receiving another acknowledge 
signal from the 24LC65 the master device will transmit 
the data word to be written into the addressed memory 
location. The 24LC65 acknowledges again and the 
master generates a stop condition. This initiates the 
internal write cycle, and during this time the 24LC65 will 
not generate acknowledge signals (see Figure 5). 

Page Write 

The write control byte, word address and the first data 
byte are transmitted to the 24LC65 in the same way as 
in a byte write. But instead of generating a stop condition 
the master transmits up to eight pages of eight data 
bytes each (64 bytes total) which are temporarily stored 
in the on-chip page cache of the 24LC65. They will be 
written from the cache into the EEPROM array after the 
master has transmitted a stop condition. After the 
receipt of each word, the six lower order address pointer 
bits are internally incremented by one. The higher order 
seven bits of the word address remain constant. If the 
master should transmit more than eight bytes prior to 
generating the stop condition (writing across a page 
boundary), the address counter (lower three bits) will roll 
over and the pointer will be incremented to point to the 
next line in the cache. This can continue to occur up to 
eight times or until the cache is full, at which time a stop 
condition should be generated by the master. If a stop 
condition is not received, the cache pointer will roll 
over to the first line (byte 0) of the cache, and any 
further data received will overwrite previously cap
tured data. The stop condition can be sent at any time 
during the transfer. As with the byte write operation, 
once the stop condition is received an internal write 
cycle will begin. The 64 byte cache will continue to 
capture data until a stop condition occurs or the 
operation is aborted (see Figure 6). 

s 
Bus Activity: a Control Word Word 
Master r Byte Address (1) Address (0) Data o 

t ,.--A--, ,.--A--, ,---A---, ,---A---, p 

SDA Line 01Il_._ITTI~_._IL-Lolo_._loL-LI I _._I ._._I I _._I ...__.I l_.__I ........ 1 l_.__I _._.I 1 .......... 1 ......... 1 1 ............ 1 _._I IL-LI _._I L-LI 1 ........... 0 
Bus Activity A A A A 

c c c c 
K K K K 
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FIGURE 6 ·PAGE WRITE (FOR CACHE WRITE, SEE FIGURE 12) 

s 
s 

Word Word Bus Activity: a Control 
Master r Byte 

t,--A--, 
Address (1) Address (0) Data n Data n + 15 o 

,-A---, ,-A---, ,-A---, ,-A---, p 

SDA Line DlJl [[TI 
Bus Activity 

101010\ : : : : I I : : : : : : : I I : : : : : : : I De : : : : I D 
A A A A A 
c c c c c 
K K K K K 

FIGURE 7 • CURRENT ADDRESS READ 

s 
s 
t Bus Activity: a Control 

Master r Byte Data n o 
t ,----/'-----, ,-------A--, p 

SDA Line 

Bus Activity A N 
c 0 
K A 

c 
K 

FIGURE 8 • RANDOM READ 

s s 
s 

Bus Activity: a Control Word Word a Control 
Master r Byte Address (1) Address (0) r Byte Data n o 

t ,-------A--, ,---J\---, ,---J\---, ~ ~ p 

SDA Line DlJl rm I \ololo\ : : : : I I : : : : : : : I ITlJl rm I : : : : : : : I D 
A A A 
c c c 

Bus Activity 

K K K 

FIGURE 9 • SEQUENTIAL READ 
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READ OPERATION 

Read operations are initiated in the same way as write 
operations with the exception that the RJW bit of the slave 
address is set to one. There are three basic types of read 
operations: current address read, random read, and se
quential read. 

Current Address Read 

The 24LC65 contains an address counter that maintains 
the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n (n is any 
legal address), the next current address read operation 
would access data from address n + 1. Upon receipt of the 
slave address with RiW bit set to one, the 24LC65 issues 
an acknowledge and transmits the eight bit data word. 
The master will not acknowledge the transfer but does 
generate a stop condition and the 24LC65 discontinues 
transmission (see Figure 7). 

Random Read 

Random read operations allow the master to access any 
memory location in a random manner. To perform this 
type of read operation, first the word address must be set. 
This is done by sending the word address to the 24LC65 
as part of a write operation (RiW bit set to 0). After the 
word address is sent, the master generates a start condi
tion following the acknowledge. This terminates the write 
operation, but not before the internal address pointer is 
set. Then the master issues the control byte again but with 
the RiW bit set to a one. The 24LC65 will then issue an 
acknowledge and transmit the eight bit data word. The 
master will not acknowledge the transfer but does gener
ate a stop condition which causes the 24LC65 to discon
tinue transmission (see Figure 8). 

Sequential Read 

Sequential reads are initiated in the same way as a 
random read except that after the 24LC65 transmits the 
first data byte, the master issues an acknowledge as 
opposed to the stop condition used in a random read. This 
acknowledge directs the 24LC65 to transmit the next 
sequentially addressed 8 bit word (see Figure 9). Follow
ing the final byte transmitted to the master, the master will 
NOT generate an acknowledge but will generate a stop 
condition. 

To provide sequential reads the 24LC65 contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. 

Contiguous Addressing Across Multiple 
Devices 

The device select bits A2, A 1, AO can be used to expand 
the contiguous address space for up to 512K bits by 
adding up to eight 24LC65's on the same bus. In this case, 
software can use AO of the control byte as address bitA 13, 
A 1 as address bit A 14, and A2 as address bit A 15. 

© 1994 Microchip Technology Inc. 
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Noise Protection 

The SCL and SDA inputs have filter circuits which 
suppress noise spikes to assure proper device opera
tion even on a noisy bus. All 1/0 lines incorporate 
Schmitt triggers for 400 KHz (Fast Mode) compatibil
ity. 

High Endurance Block 

The location of the high-endurance block within the 
memory map is programmed by setting the leading bit 
7 (S/HE) of the configuration byte to 0. The upper bits 
of the address loaded in this command will determine 
which 4K block within the memory map will be set to 
high endurance. This block will be capable of one 
million erase/write cycles typical (see Figure 11 ). 

Note: The High Endurance Block cannot be 
changed after the security option has been 
set. If the H.E. block is not programmed by 
the user, the default location is the highest 
block of memory. 

Security Options 

The 24LC65 has a sophisticated mechanism for write
protecting portions of the array. This write protect 
function is programmable and allows the user to pro
tect 0-15 contiguous 4K blocks. The user sets the 
security option by sending to the device the starting 
block number for the protected region and the number 
of blocks to be protected. If the security option is 
invoked with O blocks protected, then all portions of the 
array will be unprotected. All parts will come from the 
factory in the default configuration with the starting 
block number set to 15 and the number of protected 
blocks set to zero. THE SECURITY OPTION CAN BE 
SET ONLY ONCE. 

To invoke the security option, a write command is sent 
to the device with the leading bit (bit 7) of the first 
address byte set to a 1 (see Figure 11 ). Bits 1-4 of the 
first address byte define the starting block number for 
the protected region. For example, if the starting block 
number is to be set to 5, the first address byte would be 
1XX0101X. Bits 0, 5 and 6 of the first address byte are 
disregarded by the device and can be either high or 
low. The device will acknowledge after the first ad
dress byte. A byte of don't care bits is then sent by the 
master, with the device acknowledging afterwards. 
The third byte sent to the device has bit 7 (S/HE) set 
high and bit 6 (R) set low. Bits 4 and 5 are don't cares 
and bits 0-3 define the number of blocks to be write 
protected. For example, if three blocks are to be 
protected, thethird byte would be 10XX0011. Afterthe 
third byte is sent to the device, it will acknowledge and 
a STOP bit is then sent by the master to complete the 
command. 

DS21073B-page 7 
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During a normal write sequence, if an attempt is made to 
write to a protected address, no data will be written and 
the device will not report an error or abort the command. 
If a write command is attempted across a secure bound
ary, unprotected addresses will be written and protected 
addresses will not. 

Security Configuration Read 

The status of the secure portion of memory can be read 
by using the same technique as programming this option 
exceptthe READ bit (bit 6) of the configuration byte is set 
to a one. Alter the configuration byte is sent, the device 
will acknowledge and then send two bytes of data to the 
master just as in a normal read sequence. The master 
must acknowledge the first byte and not acknowledge 
the second, and then send a stop bit to end the se
quence. The upper four bits of both of these bytes will 
always be read as '1 's. The lower four bits of the first byte 
contains the starting secure block. The lower four bits of 
the second byte contains the number of secure blocks. 
The default starting secure block is fifteen and the 
default number of secure blocks is zero (see Figure 11 ). 

ACKNOWLEDGE POLLING 

Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com
mand has been issued from the master, the device 
initiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start cond!!!_on followed by the control byte for 
a write command (R/W = 0). If the device is still busy with 
the write cycle, then no ACK will be returned. If the cycle 
is complete, then the device will return the ACK and the 
master can then proceed with the next read or write 
command. See Figure 10 for flow diagram. 

05210738-page 8 
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FIGURE 10 - ACKNOWLEDGE POLLING FLOW 
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PAGE CACHE AND ARRAY MAPPING 

The cache is a 64 byte (8 pages x 8 bytes) FIFO buffer. 
The cache allows the loading of up to 64 bytes of data 
before the write cycle is actually begun, effectively 
providing a 64-byte burst write at the maximum bus rate. 
Whenever a write command is initiated, the cache starts 
loading and will continue to load until a stop bit is 
received to start the internal write cycle. The total length 
of the write cycle will depend on how many pages are 
loaded into the cache before the stop bit is given. 
Maximum cycle time for each page is 1 O ms. Even if a 
page is only partially loaded, it will still require the same 
cycle time as a full page. If more than 64 bytes of data 
are loaded before the stop bit is given, the address 
pointer will 'wrap around' to the beginning of cache page 
O and existing bytes in the cache will be overwritten. 

Cache Write Starting at a Page Boundary 

If a write command begins at a page boundary (address 
bits A2, A 1 and AO are zero), then all data loaded into the 
cache will be written to the array in sequential ad
dresses. This includes writing across a 4K block 
boundary. In the example shown below, (see Figure 12) 
a write command is initiated starting at byte 0 of page 3 
with a fully loaded cache (64 bytes). The first byte in the 
cache is written to byte O of page 3 (of the array), with the 
remaining pages in the cache written to sequential 
pages in the array. A write cycle is executed after each 
page is written. Since the write begins at page 3 and 8 
pages are loaded into the cache, the last 3 pages of the 
cache are written to the next row in the array. 

Cache Write Starting at a Non-Page 
Boundary 

When a write command is initiated that does not begin 
at a page boundary (i.e., address bits A2, A 1 and AO are 
not all zero), it is importantto note how the data is loaded 
into the cache, and how the data in the cache is written 
to the array. When a write command begins, the first 
byte loaded into the cache is always loaded into page 0. 
The byte within page O of the cache where the load 
begins is determined by the three least significant ad
dress bits (A2, A 1, AO) that were sent as part of the write 
command. If the write command does not start at byte 
O of a page and the cache is fully loaded, then the last 
byte(s) loaded into the cache will roll around to page 0 of 
the cache and fill the remaining empty bytes. If more 
than 64 bytes of data are loaded into the cache, data 
already loaded will be overwritten. In the example 
shown in Figure 13, a write command has been initiated 

© 1994 Microchip Technology Inc. 

24LC65 

starting at byte 2 of page 3 in the array with a fully loaded 
cache of 64 bytes. Since the cache started loading at 
byte 2, the last two bytes loaded into the cache will 'roll 
over' and be loaded into the first two bytes of page o (of 
the cache). When the stop bit is sent, page 0 of the cache 
is written to page 3 of the array. The remaining pages in 
the cache are then loaded sequentially to the array. A 
write cycle is executed after each page is written. If a 
partially loaded page in the cache remains when the 
STOP bit is sent, only the bytes that have been loaded 
will be written to the array. 

Power Management 

The design incorporates a power standby mode when 
not in use and automatically powers off after the normal 
termination of any operation when a stop bit is received 
and all internal functions are complete. This includes 
any error conditions, i.e. not receiving an acknowledge 
or stop condition per the two-wire bus specification. The 
device also incorporates Voo monitor circuitry to pre
vent inadvertent writes (data corruption) during low
voltage conditions. The Voo monitor circuitry is powered 
off when the device is in standby mode in order to further 
reduce power consumption . 

PIN DESCRIPTIONS 

AO. A 1. A2 Chip Address Inputs 

The AO .. A2 inputs are used by the 24LC65 for multiple 
device operation and conform to the two-wire bus stan
dard. The levels applied to these pins define the address 
block occupied by the device in the address map. A 
particular device is selected by transmitting the corre
sponding bits (A2, A 1, AO) in the control byte (see 
Figures 4 and 11). 

SDA Serial Address/Data Input/Output 

This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. It is an open drain 
terminal, therefore the SDA bus requires a pullup resis
tor to Vee (typical 10Kilfor 100 KHz, 1Knfor400 KHz). 

For normal data transfer SDA is allowed to change only 
during SCL low. Changes during SCL high are reserved 
for indicating the START and STOP conditions. 

SCL Serial Clock 

This input is used to synchronize the data transfer from 
and to the device. 

DS21073B-page 9 

• 



24LC65 

FIGURE 11 - CONTROL SEQUENCE BIT ASSIGNMENTS 
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FIGURE 12 - CACHE WRITE TO THE ARRAY STARTING AT A PAGE BOUNDARY 

<D Write command initiated at byte O of page 3 in the array; 
First data byte is loaded into the cache byte 0. ® 64 bytes of data are loaded into cache. 

t cache page O 

cache 
byte O 

cache 
byte 1 

cache cache page 1 cache page 2 
byte 7 bytes 8-15 bytes 16-23 

cache page 7 
bytes 56-63 

@ Write from cache into array initiated by STOP bit. 
© Remaining pages in cache are written 

to sequential pages in array. 
Page O of cache written to page 3 of array. 
Write cycle is executed after every page is written. 

@ Last page in cache written to page 2 in next row . 

FIGURE 13-CACHE WRITE TO THE ARRAY STARTING AT A NON-PAGE BOUNDARY 

Last 2 bytes 
loaded into 
page 0 of cache. 

@ 

CD Write command initiated; 64 bytes of data 
loaded into cache starting at byte 2 of page 0. 

@ Last 2 bytes loaded 'roll over' 
to beginning. 

cache cache 
byte 0 byte 1 

t 
cache 
byte 2 

cache page 1 cache page 2 
bytes 8-15 bytes 16-23 

cache page 7 
bytes 56-63 

© Write from cache into array initiated by STOP bit. 
Page 0 of cache written to page 3 of array. ® Remaining bytes in cache are 
Write cycle is executed after every page is written. written sequentially to array. 

~ 

@ Last 3 pages in cache written to next row in array. 
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SALES AND SUPPORT 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 

PART NUMBERS 

p 
SM 

J Temperature Blank 
~-------ti Range: I 

I Device: 

DS21073B-page 12 

24LC65 
24LC65T 

5-138 

Plastic DIP 
Plastic SOIC (207 mil Body, EIAJ standard) 

0°c to+70°C 
-40°C to +as0c 

64K CMOS Serial EEPROM (100 KHz/400 KHz) 
64K CMOS Serial EEPROM (in Tape and Reel Form) 

© 1994 Microchip Technology Inc. 



MICROCHIP 24AA65 
64K 1.SV CMOS Smart Serial™ EEPROM 

FEATURES 

• Voltage operating range: 1.SV to 6.0V 
- Peak write current 3 mA at 6.0V 
- Maximum read current 150 µA at 6.0V 
- Standby current 5 µA typical 

• Industry standard two wire bus protocol PC™ compat
ible 
- Including 100 KHz (1.SV) and 400 KHz (5V) Modes 

• Programmable block security options 
• Programmable endurance options 
• Schmitt trigger, filtered inputs for noise suppression 
• Output slope control to eliminate ground bounce 
• Self-timed ERASE (E) and WRITE (W) cycles 
• Power on/off data protection circuitry 
• Endurance: 1 million E/W for a 4K block (typical) 

10,000 E/W for a 60K block (typical) 
• 8 byte page, or byte modes available 
• 1 page x 8 line input cache for fast write loads 
• Electrostatic discharge protection > 4000V 
• Data retention > 40 years 
• 8-pin PDIP/SOIC packages 
• Temperature ranges: 

- Commercial: 0°Cto +70°C 
• 2 ms typical write cycle time, byte or page 
• Up to 8 devices may be connected to the same bus for 

up to 512K bits total memory 

PIN CONFIGURATIONS 

PDIP Package 

:01 : :: 
A23 6 SCL 

Vss 4 5 SDA 

SOIC Package AoOB Vee 
A1 2 7 NC 

A2 3 6SCL 

Vss 4 5 SDA 

12C is a trademark of Philips Corporation 
Smart Serial is a trademark of Microchip Technology Inc. 

© 1994 Microchip Technology Inc. 

DESCRIPTION 

The Microchip Technology Inc. 24AA65 is a 'smart' SK 
x 8 Serial Electrically Erasable PROM. This device has 
been developed for advanced, low power applications 
such as personal communications, and provides the 
systems designer with flexibility through the use of many 
new user-programmable features. It is capable of op
eration down to 1.SV, the end-of-life voltage for 2 'AA" 
battery cells for most popular battery technologies.The 
24AA65 offers a relocatable 4K bit block of ultra-high
endurance memory for data that changes frequently. 
The remainder of the array, or60K bits, is rated at 10,000 
ERASE/WRITE (E/W) cycles typical. The 24AA65 fea
tures an input cache for fast write loads with a capacity 
of eight pages, or 64 bytes. This device also features 
programmable security options for E/W protection of 
critical data and/or code of up to fifteen 4K blocks. 
Functional address lines allow the connection of up to 
eight 24LC65's on the same bus for up to 512K bits 
contiguous EEPROM memory. Advanced CMOS tech
nology makes this device ideal for low-power non
volatile code and data applications. The 24AA65 is 
available in the standard 8-pin plastic DIP and 8-pin 
surface mount SOIC package. 

BLOCK DIAGRAM 

SDA 

vcco-
Vss 0---- Sense AMP 

R/WControl 
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24AA65 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings• 

Vee ............................................................................................ 7.0V 
All inputs and outputs w.r.t. Vss ..... -0.6V to Vee+ 1.0V 
Storage temperature .......................... -65°C to+150°C 
Ambient temp. with power applied .... -65°C to + 125°C 
Soldering temperature of leads (10 seconds). +300°C 
ESD protection on all pins ................................. ~ 4 kV 

•Notice: Stresses above those listed under "Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at those or any other conditions above 
those indicated in the operational listings of this specttication is not 
implied. Exposure to maximum rating conditions for extended periods 
may affect device reliability. 

DC CHARACTERISTICS 

Parameter Symbol 

AO, A 1, A2, SCL and SDA pins: 

Min. 

High level input voltage VIH .7Vee 

Low level input voltage VIL -
Hysteresis of Schmitt Trigger VHYS .05 Vee 
inputs 

Low level output voltage VOL -
Input leakage current ILi -10 
Output leakage current ILO -10 
Internal capacitance CINT -
(all inputs/outputs) 

Operating current lee Write -
lee Read -

Standby current -

PIN FUNCTION TABLE 

Name Function 

AO .. A2 User Configurable Chip Selects 
Vss Ground 
SDA Serial Address/Data 1/0 
SCL Serial Clock 
Vee + 1.8V to 6.0V Power Supply 
NC No Internal Connection 

Vee= +1.8V to 6.0V 
Commercial (C): Tamb = 0°Cto +70°C 

Max. Units Conditions 

- v 
.3Vee v 

- v Note 1 

.40 v IOL=3.0mA 

10 J!:.A VIN = .1 v to Vee 

10 _!!_A VOUT = .1V to Vee 

10 pf Vee = 5.0V (Note 1) 
Tamb = 25°C, Fclk = 1 MHz 

3 mA Vee= 6.0V, SCL = 400 KHz 

150 µA Vee= 6.0V, SCL = 400 KHz 

50 µA Vee= 6.0V, SCL = SDA =Vee 

Note 1: This parameter is periodically sampled and not 100% tested. 

FIGURE 1 - BUS TIMING START/STOP 

SCL----" 

Tsu:sTA 
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24AA65 

AC CHARACTERISTICS 
Vee = 1.BV-6.0V Vee= 4.SV-6.0V 

STD. MODE FAST MODE 

Parameter Symbol Min Max Min Max Units Remarks 

Clock frequency FCLK 0 100 0 400 kHz 

Clock high time THIGH 4000 - 600 - ns 

Clock low time TLOW 4700 - 1300 - ns 

SDA and SCL rise time TR - 1000 - 300 ns Note 1 

SDA and SCL fall time TF - 300 - 300 ns Note 1 

START condition hold time THD:STA 4000 - 600 - ns After this period the first 
clock pulse is generated 

START condition setup time TSU:STA 4700 - 600 - ns Only relevant for repeated 
START condition 

Data input hold time THD:DAT 0 - 0 - ns 

Data input setup time TSU:DAT 250 - 100 - ns 

STOP condition setup time TSU:STO 4000 - 600 - ns 

Output valid from clock TAA - 3500 - 900 ns Note2 

Bus free time TBUF 4700 - 1300 - ns Time the bus must be free 
before a new transmission 
can start 

Output fall time from V1H min TOF - 250 20+0.1 250 ns Note 1, CB s 100 pF to VIL max CB 

Input filter spike suppression 
(SDA and SCL pins) 

TSP NIA NIA 0 50 ns Note3 

Write cycle time TWR - 5 - 5 ms/page Note 4 

Note 1: Not 100 percent tested. CB = total capacitance of one bus line in pF. 
Note 2: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region 

(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 
Note 3: The combined TSP and VHYS specifications are due to new Schmitt trigger inputs which provide improved noise 

and spike suppression. This eliminates the need for a T1 specification for standard operation. 
Note 4: The times shown are for a single page of 8 bytes. Multiply by the number of pages loaded into the write cache 

for total time. 

FIGURE 2 ·BUS TIMING DATA 

SCL 

SDA 
N 

SDA 
OUT 
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24AA65 

FUNCTIONAL DESCRIPTION 

The 24AA65 supports a bidirectional two-wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus must be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24AA65 works 
as slave. Both master and slave can operate as trans
mitter or receiver but the master device determines 
which mode is activated. 

BUS CHARACTERISTICS 

The following bus protocol has been defined: 

- Data transfer may be initiated only when the bus is not 
busy. 

- During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 
a ST ART or STOP condition. 

Accordingly, the following bus conditions have been 
defined (see Figure 3). 

Bus not Busy (Al 

Both data and clock lines remain HIGH. 

Start Data Transfer (B) 

A HIGH to LOW transition of the SDA line while the clock 
(SCL) is HIGH determines a START condition. All 
commands must be preceded by a START condition. 

Stop Data Transfer (C) 

A LOW to HIGH transition of the SDA line while the clock 
(SCL) is HIGH determines a STOP condition. All opera
tions must be ended with a STOP condition. 

Data Valid (D) 

The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 

The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 

Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device. 

Acknowledge 

Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 

Note: The 24AA65 does not generate any acknowl· 
edge bits if an internal programming cycle Is 
In progress. 

A device that acknowledges must pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. During 
reads, a master must signal an end of data to the slave 
by NOT generating an acknowledge bit on the last byte 
that has been clocked out of the slave. In this case, the 
slave (24AA65) must leave the data line HIGH to enable 
the master to generate the STOP condition. 

FIGURE 3 ·DATA TRANSFER SEQUENCE ON THE SERIAL BUS 

(A) (B) 
SCL --+---!--.. 

SDA 

-START CONDITION 
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BUS CHARACTERISTICS 

Device Addressing and Operation (Figure 4} 

A control byte is the first byte received following the start 
condition from the master device. The control byte 
consists of a four bit control code, for the 24AA65 this is 
set as 1010 binary for read and write operations. The 
next three bits of the control byte are the device select 
bits (A2, A 1, AO). They are used by the master device 
to select which of the eight devices are to be accessed. 
These bits are in effect the three most significant bits of 
the word address. The last bit of the control byte defines 
the operation to be performed. When setto a one a read 
operation is selected, when set to a zero a write opera
tion is selected. The next two bytes received define the 
address of the first data byte (see Figure 5). Because 
only A 12 .. AO are used, the upper three address bits 
must be zeros. The most significant bit of the most 
significant byte is transferred first. Following the start 
condition, the 24AA65 monitors the SDA bus checking 
the device type identifier being transmitted. Upon 
receiving a 1010 code and appropriate device select 
bits, the slave device (24AA65) outputs an acknowledge 
sig!!_al on the SDA line. Depending upon the state of the 
R/W bit, the 24AA65 will select a read or write operation. 

l!!eratlon Control Code Device Select RiW 
Read 1010 Device Address 1 

Write 1010 Device Address 0 

FIGURE 4 - CONTROL BYTE ALLOCATION 

START 

/ 
SLAVE ADDRESS 

0 0 

FIGURE 5 - BYTE WRITE 

s 
t 

A2. A1 

24AA65 

WRITE OPERATION 

Byte Write 

Following the start condition from the master, the control 
code (four bits), the device select (three bits), and the 
RiW bit which is a logic low is placed onto the bus by the 
master transmitter. This indicates to the addressed 
slave receiver (24AA65) that a byte with a word address 
will follow after it has generated an acknowledge bit 
during the ninth clock cycle. Therefore the next byte 
transmitted by the master is the high-order byte of the 
word address and will be written into the address pointer 
of the 24AA65. The next byte is the least significant 
address byte. After receiving another acknowledge 
signal from the 24AA65 the master device will transmit 
the data word to be written into the addressed memory 
location. The 24AA65 acknowledges again and the 
master generates a stop condition. This initiates the 
internal write cycle, and during this time the 24AA65 will 
not generate acknowledge signals (see Figure 5). 

Page Write 

The write control byte, word address and the first data 
byte are transmitted to the 24AA65 in the same way as 
in a byte write. But instead of generating a stop condition • 
the master transmits up to eight pages of eight data 
bytes each (64 bytes total) which are temporarily stored 
in the on-chip page cache of the 24AA65. They will be 
written from the cache into the EEPROM array afterthe 
master has transmitted a stop condition. After the 
receipt of each word, the six lower order address pointer 
bits are internally incremented by one. The higher order 
seven bits of the word address remain constant. If the 
master should transmit more than eight bytes prior to 
generating the stop condition (writing across a page 
boundary), the address counter (lower three bits) will roll 
over and the pointer will be incremented to point to the 
next line in the cache. This can continue to occur up to 
eight times or until the cache is full, at which time a stop 
condition should be generated by the master. If a stop 
condition is not received, the cache pointer will roll 
over to the first line (byte O) of the cache, and any 
further data received will overwrite previously cap-
tured data. The stop condition can be sent at any time 
during the transfer. As with the byte write operation, 
once the stop condition is received an internal write 
cycle will begin. The 64 byte cache will continue to 
capture data until a stop condition occurs or the 
operation is aborted (see Figure 6). 

s 
Bus Activity: a Control Word Word 
Master r Byte Address (1) Address (O) Data o 

t ,---------A---- ,---------A---- ,--A--, ,--A--, p 

SDA Line DlJl ....... ITD ........................... lol ........ olo...._I ....... I 1 ........ 1 ....... I 1 ........ 1...._I ....... 11 ........ 1 ........ 1 1 ........ 1...._I ....... 11 ........ 1 ........ 11 ........ 1 _._I ....... I 1 ............ 0 
Bus Activity A A A A 

c c c c 
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FIGURE 6 ·PAGE WRITE (FOR CACHE WRITE, SEE FIGURE 12) 

s 
s 

Bus Activity: a Control Word Word 
Master r Byte Address (1) Address (0) Data n Data n + 15 o 

t ~ ,-----A----, ,-----A----, ,-----A----, ,-----A----, p 

SDA Line ffiJl [JJJ I 1010101 : : : : I I : : : : : : : I I : : : : : : : I n~ : : : : : I D 
A A A A A 
c c c c c Bus Activity 

K K K K K 

FIGURE 7 ·CURRENT ADDRESS READ 
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FIGURE 8 • RANDOM READ 
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Bus Activity: 8 Control Word Word 8 control t 
Master r Byte Address (1) Address (O) r Byte Data n o 

t ~ ,----A-----, ,----A-----, ~ ,----A-----, p 

SDA Line ITLJl ITTJ , JoJoJoJ : : : : I J : : : : : : : I ITTJl ITTJ J : : : : : : : I LJ 
Bus Activity A A A A N 

c c c c 0 
K K K K 

A 
c 
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FIGURE 9 • SEQUENTIAL READ 
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Bus Activity: Control Data n Data n + 1 Data n + 2 Data n + X o 
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SDALine 

Bus Activity 
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READ OPERATION 

Read operations are initiated in the same way as write 
operations with the exception that the R!W bit of the slave 
address is set to one. There are three basic types of read 
operations: current address read, random read, and se
quential read. 

Current Address Read 

The 24AA65 contains an address counter that maintains 
the address of the last word accessed, internally 
incremented by one. Therefore, if the previous access 
(either a read or write operation) was to address n (n is any 
legal address), the next current address read operation 
would access data from address n + 1. Upon receipt of the 
slave address with R!W bit set to one, the 24AA65 issues 
an acknowledge and transmits the eight bit data word. 
The master will not acknowledge the transfer but does 
generate a stop condition and the 24AA65 discontinues 
transmission (see Figure 7). 

Random Read 

Random read operations allow the master to access any 
memory location in a random manner. To perform this 
type of read operation, first the word address must be set. 
This is done by sending the word address to the 24AA65 
as part of a write operation (RIW bit set to 0). After the 
word address is sent, the master generates a start condi
tion following the acknowledge. This terminates the write 
operation, but not before the internal address pointer is 
set. Thenthe master issues the control byte again but with 
the R!W bit set to a one. The 24AA65 will then issue an 
acknowledge and transmit the eight bit data word. The 
master will not acknowledge the transfer but does gener
ate a stop condition which causes the 24AA65 to discon
tinue transmission (see Figure 8). 

Sequential Read 

Sequential reads are initiated in the same way as a 
random read except that after the 24AA65 transmits the 
first data byte, the master issues an acknowledge as 
opposed to the stop condition used in a random read. This 
acknowledge directs the 24AA65 to transmit the next 
sequentially addressed 8 bit word (see Figure 9). Follow
ing the final byte transmitted to the master, the master will 
NOT generate an acknowledge but will generate a stop 
condition. 

To provide sequential reads the 24AA65 contains an 
internal address pointer which is incremented by one at 
the completion of each operation. This address pointer 
allows the entire memory contents to be serially read 
during one operation. 

Contiguous Addressing Across Multiple 
Devices 

The device select bits A2, A 1, AO can be used to expand 
the contiguous address space for up to 512K bits by 
adding up to eight24LC65's on the same bus. In this case, 
software can use AO of the control byte as address bitA 13, 
A 1 as address bit A 14, and A2 as address bit A 15. 

24AA65 

Noise Protection 

The SCL and SDA inputs have filter circuits which 
suppress noise spikes to assure proper device opera
tion even on a noisy bus. All VO lines incorporate 
Schmitt triggers for 400 KHz (Fast Mode) compatibil
ity. 

High Endurance Block 

The location of the high-endurance block within the 
memory map is programmed by setting the leading bit 
7 (S/HE) of the configuration byte to 0. The upper bits 
of the address loaded in this command will determine 
which 4K block within the memory map will be set to 
high endurance. This block will be capable of one 
million erase/write cycles typical (see Figure 11 ). 

Note: The High Endurance Block cannot be 
changed after the security option has been 
set. If the H.E. block Is not programmed by 
the user, the default locatlon Is the highest 
block of memory. 

Security Options 

The 24AA65 has a sophisticated mechanism for write
protecting portions of the array. This write protect 
function is programmable and allows the user to pro
tect 0-15 contiguous 4K blocks. The user sets the 
security option by sending to the device the starting 
block number for the protected region and the number 
of blocks to be protected. If the security option is 
invoked with O blocks protected, then all portions of the 
array will be unprotected. All parts will come from the 
factory in the default configuration · with the starting 
block number set to 15 and the number of protected 
blocks set to zero. THE SECURITY OPTION CAN BE 
SET ONLY ONCE. 

To invoke the security option, a write command is sent 
to the device with the leading bit (bit 7) of the first 
address byte set to a 1 (see Figure 11 ). Bits 1-4 of the 
first address byte define the starting block number for 
the protected region. For example, if the starting block 
number is to be set to 5, the first address byte would be 
1XX0101 X. Bits 0, 5 and 6 of the first address byte are 
disregarded by the device and can be either high or 
low. The device will acknowledge after the first ad
dress byte. A byte of don't care bits is then sent by the 
master, with the device acknowledging afterwards. 
The third byte sent to the device has bit 7 (S/HE) set 
high and bit 6 (A) set low. Bits 4 and 5 are don't cares 
and bits 0-3 define the number of blocks to be write 
protected. For example, if three blocks are to be 
protected, thethirdbytewouldbe 10XX0011. Afterthe 
third byte is sent to the device, it will acknowledge and 
a STOP bit is then sent by the master to complete the 
command. 

C 1994 Microchip Technology Inc. ~@lw®lli1©® Olli1g©ll'IITITl®~o©lli1 
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During a normal write sequence, if an attempt is made to 
write to a protected address, no data will be written and 
the device will not report an error or abort the command. 
If a write command is attempted across a secure bound
ary, unprotected addresses will be written and protected 
addresses will not. 

FIGURE 10 - ACKNOWLEDGE POLLING FLOW 

Security Configuration Read 

The status of the secure portion of memory can be read 
by using the same technique as programming this option 
exceptthe READ bit (bit 6) of the configuration byte is set 
to a one. After the configuration byte is sent, the device 
will acknowledge and then send two bytes of data to the 
master just as in a normal read sequence. The master 
must acknowledge the first byte and not acknowledge 
the second, and then send a stop bit to end the se
quence. The upper four bits of both of these bytes will 
always be read as '1 's. The lower four bits ofthe first byte 
contains the starting secure block. The lower four bits of 
the second byte contains the number of secure blocks. 
The default starting secure block is fifteen and the 
default number of secure blocks is zero (see Figure 11 ). 

ACKNOWLEDGE POLLING 

Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com
mand has been issued from the master, the device 
initiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte for 
a write command (R!il = 0). If the device is still busy with 
the write cycle, then no ACK will be returned. If the cycle 
is complete, then the device will return the ACK and the 
master can then proceed with the next read or write 
command. See Figure 10 for flow diagram. 
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PAGE CACHE AND ARRAY MAPPING 

The cache is a 64 byte (8 pages x 8 bytes) FIFO buffer. 
The cache allows the loading of up to 64 bytes of data 
before the write cycle is actually begun, effectively 
providing a 64-byte burst write atthe maximum bus rate. 
Whenever a write command is initiated, the cache starts 
loading and will continue to load until a stop bit is 
received to start the internal write cycle. The total length 
of the write cycle will depend on how many pages are 
loaded into the cache before the stop bit is given. 
Maximum cycle time for each page is 10 ms. Even if a 
page is only partially loaded, it will still require the same 
cycle time as a full page. If more than 64 bytes of data 
are loaded before the stop bit is given, the address 
pointer will 'wrap around' to the beginning of cache page 
O and existing bytes in the cache will be overwritten. 

Cache Write Starting at a Page Boundary 

If a write command begins at a page boundary (address 
bits A2., A 1 and AO are zero), then all data loaded into the 
cache will be written to the array in sequential ad
dresses. This includes writing across a 4K block 
boundary. In the example shown below, (see Figure 12) 
a write command is initiated starting at byte 0 of page 3 
with a fully loaded cache (64 bytes). The first byte in the 
cache is written to byte o of page 3 (of the array), with the 
remaining pages in the cache written to sequential 
pages in the array. A write cycle is executed after each 
page is written. Since the write begins at page 3 and 8 
pages are loaded into the cache, the last 3 pages of the 
cache are written to the next row in the array. 

Cache Write Starting at a Non-Page 
Boundary 

When a write command is initiated that does not begin 
at a page boundary (i.e., address bits A2, A 1 and AO are 
not all zero), it is importantto note how the data is loaded 
into the cache, and how the data in the cache is written 
to the array. When a write command begins, the first 
byte loaded into the cache is always loaded into page o. 
The byte within page O of the cache where the load 
begins is determined by the three least significant ad
dress bits (A2, A 1, AO) that were sent as part of the write 
command. If the write command does not start at byte 
o of a page and the cache is fully loaded, then the last 
byte(s) loaded into the cache will roll around to page O of 
the cache and fill the remaining empty bytes. If more 
than 64 bytes of data are loaded into the cache, data 
already loaded will be overwritten. In the example 
shown in Figure 13, a write command has been initiated 

24AA65 

starting at byte 2 of page 3 in the array with a fully loaded 
cache of 64 bytes. Since the cache started loading at 
byte 2, the last two bytes loaded into the cache will 'roll 
over' and be loaded into the first two bytes of page O (of 
the cache). When the stop bit is sent, page O of the cache 
is written to page 3 of the array. The remaining pages in 
the cache are then loaded sequentially to the array. A 
write cycle is executed after each page is written. If a 
partially loaded page in the cache remains when the 
STOP bit is sent, only the bytes that have been loaded 
will be written to the array. 

Power Management 

The design incorporates a power standby mode when 
not in use and automatically powers off after the normal 
termination of any operation when a stop bit is received 
and all internal functions are complete. This includes 
any error conditions, i.e. not receiving an acknowledge 
or stop condition per the two-wire bus specification. The 
device also incorporates Voe monitor circuitry to pre
vent inadvertent writes (data corruption) during low
voltage conditions. The Voe monitor circuitry is powered 
off when the device is in standby mode in order to further 
reduce power consumption . 

PIN DESCRIPTIONS 

AO. A 1. A2 Chip Address Inputs 

The AO .. A2 inputs are used by the 24AA65 for multiple 
device operation and conform to the two-wire bus stan
dard. The levels applied to these pins define the address 
block occupied by the device in the address map. A 
particular device is selected by transmitting the corre
sponding bits (A2, A1, AO) in the control byte (see 
Figures 4 and 11). 

SDA Serial Address/Data lnpuUOutput 

This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. It is an open drain 
terminal, therefore the SDA bus requires a pullup resis
tor to Vee (typical 1 OKn for 100 KHz, 1Knfor400 KHz). 

For normal data transfer SDA is allowed to change only 
during SCLlow. Changes during SCL high are reserved 
for indicating the START and STOP conditions. 

SCL Serial Clock 

This input is used to synchronize the data transfer from 
and to the device. 

C 1994 Microchip Technology Inc. ~@IW@IIil©® DIIil~©IT'Uilil~~U©IIil 
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FIGURE 11 - CONTROL SEQUENCE BIT ASSIGNMENTS 

Control Byte Address Byte 1 Address Byte 0 Configuration Byte 

,--A----, ~ ,--A----, ~ 
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Slave Device 
Address Select 
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Security Read 

Security Write 

SIHE 

Acknowledges from Device 

L___J 
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Number 

High Endurance Block Read 
s 
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a Acknowledges from Device 

High Endurance Block Write 
s 
t 
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Acknowledges from Device 

L___J 

High Endurance 
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Number of 
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FIGURE 12 ·CACHE WRITE TO THE ARRAY STARTING AT A PAGE BOUNDARY 

© Write command initiated at byte O of page 3 in the array; 
First data byte is loaded into the cache byte 0. ® 64 bytes of data are loaded into cache. 

cache page 0 

cache 
byte 1 

cache page 1 cache page 2 
bytes 8-15 bytes 16-23 

cachepage7 
bytes 56-63 

@ Write from cache into array initiated by STOP bit. 
@ Remaining pages in cache are written 

to sequential pages in array. 
Page O of cache written to page 3 of array. 
Write cycle is executed after every page is written. 

'"--~~~~'--''--~~~~--L.;._;;;__...~~-L__;:~~ 

array row n 

array row n + 1 

FIGURE 13 ·CACHE WRITE TO THE ARRAY STARTING AT A NON-PAGE BOUNDARY 

Last 2 bytes 
loaded into 

@ 

page o of cache. cache 
byteO 

G) Write command initiated; 64 bytes of data 
loaded into cache starting at byte 2 of page 0. 

@ Last 2 bytes loaded 'roll over' 
to beginning. 

cache 
byte 1 

t 
cache 
byte2 

cache page 1 cache page 2 
bytes 8-15 bytes 16-23 

cache page 7 
bytes 56-63 

© Write from cache into array initiated by STOP bit. 
Page O of cache written to page 3 of array. @ Remaining bytes in cache are 
Write cycle is executed after every page is written. written sequentially to array. 

"" "lllPM!IJlllllJlll!llllllllarray fill " rown 
page4 page7 }h~Y 

n+1 

@ Last 3 pages in cache written to next row in array. 

C 1994 Microchip Technology Inc. &i©lw®Uil©® UUil~@Il'lliJillfilltD©Uil 
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24AA65 

SALES AND SUPPORT 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 

PART NUMBERS 

24AA65 .;. IP 

~·- p 
SM 

Plastic DIP 
Plastic SOIC (207 mil Body, EIAJ standard) 

DS21056C-page 12 

.JI Temperature 
Range: 

1 Device: 

Blank 

24AA65 
24AA65T 

ooe to +10°c 

64K CMOS Serial EEPROM (100 KHz/400 KHz) 
64K CMOS Serial EEPROM (in Tape and Reel Form) 

~@JWlfilffil©® Omi~@IJ'IITlillfilfttt@ll'il 
5-150 
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MICROCHIP 59C11 
lK SV CMOS Serial EEPROM 

FEATURES 

• Low power CMOS technology 
• Pin selectable memory organization 

- 128 x 8 or 64 x 16 bit organization 
• Single 5 volt only operation 
• Self timed WRITE, ERAL and WRAL cycles 
• Automatic erase before WRITE 
• RDY/BSY status information during WRITE 
• Power on/off data protection circuitry 
• 1,000,000 ERASE/WRITE cycles typical 
• Data Retention> 40 Years 
• 8-pin DIP or SOIC package 
• Available for extended temperature ranges: 

-Commercial:o·c to +70"C 
- Industrial: -40"C to +as·c 
-Automotive: -40"C to +125"C 

PIN CONFIGURATION 

DIP Package 

cs 8 Vee 

CLK 2 7 RDY/BSY 

DI 3 6 ORG 

DO 4 5 Vss 

© 1994 Microchip Technology Inc. 
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DESCRIPTION 

The Microchip Technology Inc. 59C11 is a 1K bit Elec
trically Erasable PROM. The device is configured as 
128 x 8 or 64 x 16, selectable externally by means of the 
control pin ORG. Advanced CMOS technology makes 
this device ideal for low power nonvolatile memory 
applications. The 59C11 is available in the standard 8-
pin DIP and a surface mount SOIC package. 

BLOCK DIAGRAM 

ORG 

cs 

CU< 

Vee Vss 

MEMORY 
ARRAY 

128x8or 
64x16 

CLOCK 
GENERATOR 

ADDRESS 
DECODER 

I----+--= DO 

SOIC Package 

cs 8 Vee 

CLK 2 7 RDY/BSY 

DI 3 6 ORG 

DO 4 5 Vss 
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59C11 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings* 

Vcc .............................................................................................. 7.0V 
All inputs and outputs w.r.t. Vss ....... -0.6V to Vee + 1.0V 
Storage temperature ........................... -65'C to +150'C 
Ambient temperature with 
power applied ...................................... -65'C to +125'C 
Soldering temperature of leads (10 seconds) ... +300'C 
ESD protection on all pins ...................................... 4 kV 
*Notice: Stresses above those listed under •Maximum ratings• may 
cause pennanent damage to the device. This is a stress rating only and 
functional operation of the device at those or any other cond~ions above 
those indicated in the operational listings of this specification is not 
implied. Exposure to maximum rating conditions for extended periods 
may affect device reliabil~. 

DC CHARACTERISTICS 

Parameter Symbol Min 

Vee detector threshold VTH 2.8 

High level input voltage VIH 2.0 

Low level input voltage VIL -0.3 

High level output voltage VOH 2.4 

Low level output voltage VOL -
Input leakage current lu -

Output leakage current ILO -
Internal capacitance CINT -
(all inputs/outputs) 

Operating current 
(all modes) 

Ice write -

Standby current Ices -

PIN FUNCTION TABLE 

Name Function 

cs Chip Select 
CLK Serial Clock 
DI Data In 
DO Data Out 
Vss Ground 

ORG Memory Array Organization 
RDY/BSY Ready/Busy Status 

Vee +SV Power Supply 

Vee= +SV (±10%) 
Commercial: Tamb = 0°C to +70°C 
Industrial: Tamb = -40°C to +85°C 
Automotive: Tamb = -40°C to +125°C (Note 3) 

Max Units Conditions 

4.5 v 
Vee+ 1 v 

0.8 v 
- v IOH=-400 µA 

0.4 v IOL=3.2mA 

10 µA VIN= OV to Vee (Note 1) 

10 µA VOUT = OV to Vee (Note 1) 

7 pF VINIVOUT = OV (Note 2) 
Tamb = 25·c, I= 1 MHz 

4 mA FCLK = 1 MHz, Vee =5.SV 

100 µA CS= ov, Vee= 5.5V 

Note 1: Internal resister pull-up at Pin 6. Active output at Pin 7. 
Note 2: This parameter is periodically sampled and not 100% tested. 
Note 3: For operation above 85'C, endurance is rated at 10,000 ERASE/WRITE cycles. 

SYNCHRONOUS DATA TIMING 

Cl.K 

Ill 
'--~--J \L....Y.......Y..._:J/_~Jl.......ll....Y-l. VIL 

VIH 

cs 
VK. 

VtH/VOH 
DO 

DS20040G·page 2 © 1994 Microchip Technology Inc. 
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AC CHARACTERISTICS 

Parameter Symbol 

Clock frequency FCLK 

Clock high time TCKH 

Clock low time TCKL 

Chip select setup time Tess 

Chip select hold time TCSH 

Chip select low time Tes 

Data input setup time Tors 

Data input hold time TDIH 

Data output delay time TPD 

Data output disable time (from CS = low) Tcz 

Data output disable time (from last clock) Tooz 

RDY/BSY delay time TRBD 

Program cycle time (Auto Erase and Write) Twc 

PIN DESCRIPTION 

Chip Select (CS) 

A HIGH level selects the device. A LOW level deselects 
the device and forces it into standby mode. However, a 
WRITE cycle which is already initiated and/or in prog
ress will be completed, regardless of the CS input signal. 
If CS is brought LOW during a WRITE cycle, the device 
will go into standby mode as soon as the WRITE cycle 
is completed. 

CS must be LOW for 100 ns (TcsL) minimum between 
consecutive instructions. If CS is LOW, the internal 
control logic is held in a RESET status. 

Serial Clock (CLK) 

The Serial Clock is used to synchronize the communi
cation between a master device and the 59C11. Op
code, address, and data bits are clocked in on the 
positive edge of CLK. Data bits are also clocked out on 
the positive edge of CLK. 

CLK can be stopped anywhere in the transmission 
sequence (at HIGH or LOW level) and can be continued 
anytime (with respectto clock high time (TcKH) and clock 
low time (TCKL)). This gives freedom in preparing 
opcode, address and data for the controlling master. 

CLK is a 'Don't Care' if CS is LOW (device deselected). 
If CS is HIGH, but a START condition has not been 
detected, any number of clock cycles can be received by 
the device without changing its status (i.e., waiting for 
START condition). 

C 1994 Microchip Technology Inc. 

59C11 

Min Max Units Conditions 

1 MHz 

500 - ns 

500 - ns 

50 - ns 

0 - ns 

100 - ns 

100 - ns 

100 - ns 

- 400 ns CL= 100pF 

0 100 ns CL= 100pF 

0 400 ns CL= 100pF 

- 400 ns 

- 1 ms for 8-bit mode 

5-153 

15 ms for ERAL and WRAL 
in 8116-bit modes 

CLKcyclesarenotrequiredduringtheself-timedWRITE 
(i.e.; auto erase/write) cycle. 

After detection of a START condition the specified 
number of clock cycles (respectively LOW to HIGH 
transitions of CLK) must be provided. These clock 
cycles are required to clock in all required opcode, 
address, and data bits before an instruction is executed 
(see instruction set truth table). When that limit has been 
reached, CLK and DI become 'Don~ Care' inputs until 
CS is brought LOW for at least chip select low time 
(TCSL) and brought HIGH again and a WRITE cycle (if 
any) is completed. 

Data In (DI) 

Data In is used to clock in START bit, opcode, address 
and data synchronously with the CLK input. 

Data Out (DO) 

Data Out is used in the READ mode to output data 
synchronously with the CLK input (TPD afterthe positive 
edge of CLK). This output is in HIGH-Z mode except if 
data is clocked out as a result of a READ instruction. 

DI and DO can be connected together to perform a 3-
wire interface (CS, CLK, DI/DO). 

Care must be taken with the leading dummy zero which 
is output after a READ command has been detected. 
Also, the controlling device must not drive the DI/DO bus 
during WRITE cycles. 

DS20040G-page 3 
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59C11 

Organization (.ORG) 

This input selects the memory array organization. When 
the ORG pin is connected to +5 V the 64 x 16 organiza
tion is selected. When it is connected to ground, the 128 
x 8 organization is selected. If the ORG pin is left 
unconnected, then an internal pullup device will select 
the 64 x 16 organization. In applications subject to 
electrical noise, it is recommended that this pin not be 
left floating, but tied either high or low. 

Ready/Busy <RDYIBSY) 

Pin 7 provides RDY/BSY status information. RDY/BSY 
is low if the device is performing a WRITE, ERAL, or 
WRAL operation. When it is HIGH the internal, self
timed WRITE, ERAL or WRAL operation has been 
completed and the device is ready to receive a new 
instruction. 

DATA PROTECTION 

During power-up, all modes of operation are inhibited 
until Vee has reached a level of 2.8 V. During power
down, the source data protection circuitry acts to inhibit 
all modes when Vee has fallen below 2.8 V. 

The EWEN and EWDS commands give additional pro
tection against accidentally programming during normal 
operation. 

After power-up, the device is automatically in the EWDS 
mode. Therefore, EWEN instruction must be performed 
before any WRITE, ERAL or WRAL instruction can be 
executed. After programming is completed, the EWDS 
instruction offers added protection against unintended 
data changes. 

INSTRUCTION SET 64 X 16 MODE, ORG=1 

Start Number of 
Instruction Bil Opcode Address Data In Data Out Req. CLK Cycles 

READ 1 1 0 x x AS A4 A3 A2 A1 AO - D1S-DO 27 
WRITE 1 x 1 x x AS A4 A3 A2 A1 AO D1S-DO High-Z 27 
EWEN 1 0 0 1 1 x x x x x x - High-Z 11 
EWDS 1 0 0 0 0 x x x x x x - High-Z 11 
ERAL 1 0 0 1 0 x x x x x x - High-Z 11 
WRAL 1 0 0 0 1 x x x x x x D1S- DO High-Z 27 

128 X 8 MODE, ORG=O 

Start 
Instruction Bil Opcode Address 

READ 1 1 0 x x A6 AS A4 
WRITE 1 x 1 x x A6 AS A4 
EWEN 1 0 0 1 1 x x x 
EWDS 1 0 0 0 0 x x x 
ERAL 1 0 0 1 0 x x x 
WRAL 1 0 0 0 1 x x x 

FUNCTIONAL DESCRIPTION 

START Condition 

The START bit is detected by the device if CS and DI are 
both High with respect to the positive edge of CLK for the 
first time. 

Before a START condition is detected, CS, CLK, and DI 
may change in any combination (except to that of a 
START condition) without resulting in any device opera
tion (READ, WRITE, EWEN, EWDS, ERAL, and WRAL). 
As soon as CS is HIGH, the device is no longer in the 
standby mode. 

An instruction following a START condition will only be 
executed if the required amount of opcode, address and 
data bits for any particular instruction is clocked in. 

DS20040G-page 4 
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Number of 
Data In Data Out Req. CLK Cycles 

A1 AO - D7-DO 20 
A1 AO D7 -DO High-Z 20 
x x - High-Z 12 
x x - High-Z 12 
x x - High-Z 12 
x x D7 -DO High-Z 20 

After execution of an instruction (i.e. clock in or out of the 
last required address or data bit) CLK and DI become 
don't care bits until a new start condition is detected. 

Note: CS must go LOW between consecutive instruc-
tions. 

pll[)O Pins 

It is possible to connect the Data In and Data Out pins 
together. However, with this configuration it is possible 
for a "bus conflict' to occur during the 'dummy zero• that 
precedes the READ operation, if AO is a logic high level. 
Under such a condition the voltage level seen at Data 
Out is undefined and will depend upon the relative 
impedances of Data Out and the signal source driving 
AO. The higherthe current sourcing capability of AO, the 
higher the voltage at the Data Out pin. 

@ 1994 Microchip Technology Inc. 



READ Mode 

The READ instruction outputs the serial data of the 
addressed memory location on the DO pin. A dummy bit 
(logical O) precedes the 8- or 16-bit output string. The 
output data changes during the high state of the system 
clock (CLK). The dummy bit is output TPD after the 
positive edge of CLK, which was used to clock in the last 
address bit (AO). Therefore, care must be taken if DI and 
DO are connected together as a bus contention will 
occur for one clock cycle if AO is a one. 

READ MODE 

CLK 

cs m 

59C11 

DO will go into HIGH-Z mode with the positive edge of 
the next CLK cycle. This follows the output of the last 
data bit DO or the negative edge of CS, whichever occurs 
first. DO remains stable between CLK cycles for an 
unlimited time as long as CS stays HIGH. 

The most significant data bit (D15 or 07) is always output 
first, followed by the lower significant bits (D14 - DO or D6 
- DO). 

'---1 

Sfl Sf \J 
OPCODE AN : /JO : 

~o___.:.::x::::x~=::-x~"""'JillJ'm·...,.,.;-1 x-~<NWWW'Nif<7,Nvv<'1fl_.,.~ ................ ..,. I I 
SB 

TPD-1 .____ ~TOOZ!4-

00 ------------HIGH·Z~~ 
I' 

NOTE: ORGANIZATION 

128x8 

64x16 

AN 

/V3 

ON 

D7 

D15 

The WRITE instruction is followed by 8 or 16 bits of data 
which are written into the specified address. The most 
significant data bit (D15 or D7) has to be clocked in first 
followed by the lower significant data bits (D14 - DO or 
D6 - DO). If a WRITE instruction is recognized by the 
device and all data bits have been clocked in, the device 
performs an automatic erase cycle on the specified 

WRITE MODE 

CLK 

NEW INSTRUCTION 
OR STANDBY (CS= 0) 

address before the data are written. The WRITE cycle 
is completely self timed and commences automatically 
after the rising edge of the CLK signal for the last data bit 
(DO). 

The WRITE cycle takes 1 ms maximum for 8-bit mode 
and 2 ms maximum for 16-bit mode. 

Tes.~ :.-
CS=--_ZZ/ -~-rr.---~~~~~~~~~Yf--~~~~-,-:--.:~>.X7Jrrt~ ~ 

SB OPCODE 

DI 

NOTE: ORGANIZATION AN DN 

128x8 /V3 D7 

64x16 />5 D15 
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I 
/JO DN 100 

Tvc 

NEW INSTRUCTION 
OR STANDBY (CS= 0) 
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ERASE/WRITE Enable/Disable (EWEN. EWDS) 

The device is automatically in the ERASE/WRITE Dis
able mode (EWDS) after power-up. Therefore, EWEN 
instruction has to be performed before any WRITE, 
ERAL, or WRAL instruction is executed by the device. 
For added data protection, the device should be put in 
the ERASE/WRITE Disable mode (EWDS) after pro· 
gramming operations are completed. 

ERASE/WRITE ENABLE AND DISABLE 

CU< 

---' '--Tea. cs=m --~~------------~111---~..,....1 '~~~~-

~ 
SB 

DI 

DO 

NOTE: ORGANIZATION 

128x8 

64x16 

ERASE All (ERAL) 

0 

AN 

NJ 
PO 

OPCODE 

0 0 
1 

The entire chip will be erased to logical '1s' if this 
instruction is received by the device and it is in the 
EWEN mode. The ERAL cycle is completely self-timed 
and commences after the rising edge of the CLK signal 
for the last dummy address bit. ERAL takes 15 ms 
maximum. 

ERASE ALL (CHIP ERASE) 

0 
1 

AN PO SB 

,.........,~~-_...~_.....__~r'C. 
x x EWDS 

EWEN 

NEW INSTRUCTION 
OR STANDBY (CS= O) 

amar 
TC!H __.J :.--- -l ;.,_ TCSL 

cs --!J..,.,'//rr--------111!>--r! -..1,....nooouaacd~ != 
SB OPCODE AN flOI I I SB 

D 0 0 --~! x x 
I 

DO ---------- HIGH-Z ---il.--t---------_.. __ 
__.J i.-T..., 

RDYrasY --------------~~,........·~-~ ~ I 
I 
I 

~ 

Tu.c NEW INSTRUCTION t 
OR STANDBY (CS= O) 

NOTE: ORGANIZATION AN 

128x8 NJ 
64x16 /16 
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WRITE All (WRAL) 

The entire chip will be written with the data specified in 
that command. The WRAL cycle is completely self
timed and commences after the last data bit (DO) has 
been clocked in. WRAL takes 15 ms maximum. 

Note: The WRALdoes not include an automatic ERASE 
cycle for the chip. Therefore, the WRAL instruc
tion must be preceded by an ERAL instruction 
and the chip must be in the EWEN status in both 
cases. The WRAL instruction is used for testing 
and/or device initialization. 

WRITE ALL 

cs m 
SB OPCODE 

DI~ !\ I 
0 0 0 

DO HIGH-Z 

RDYiBSY 

NOTE: ORGANIZATION AN ON 

12Bx8 /lij 07 

64x 16 "° 015 
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59C11 

SALES AND SUPPORT 
To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 

PART NUMBERS 

59C11 ·I /P 

DS20040G-page 8 

~-
'------1 Temperature 

Range: 

Device: 

J 
p 

SN 
SM 

Blank 
I 

E 

59C11 
59C11T 
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CERDIP 
Plastic DIP 
Plastic SOIC (0.150 mil Body) 
Plastic SOIC (0.207 mil Body) 

o•cto +10°c 
-400C to -+85°C 
-4ooc to + 12s0 c 

1 K CMOS Serial EEPROM 
1 K CMOS Serial EE PROM 
(in Tape & Reel) 
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MICROCHIP 85C72/82/92 
1K/2K/4K 5V CMOS Serial EEPROM 

FEATURES 

• Low power CMOS technology 
• Two wire serial interface bus, 12C™ compatible 
• 5 volt only operation 
• Self-timed write cycle (including auto-erase) 
• Page-write buffer 
• 1 ms write cycle time for single byte 
• 100,000 erase/write cycles 
• Data retention >40 years 
• 8-pin DIP or SOIC package 
• Available for extended temperature ranges: 

-Commercial: o·c to +70°C 
-Industrial: -4o·c to +85°C 
-Automotive: -40"C to +125°C 

85C72 85C82 85C92 

0.!:9._anization 128x 8 256x8 2x256x8 

Page Write Buffer 2 Bytes 2 Bytes 8 Bytes 

PIN CONFIGURATIONS 

DIP Package 

AO 8 Vee AO 

A1 2 7 NC A1 2 

A2 3 6 SCL A2 3 

Vss 4 5 SDA Vss 4 

85C72 85C72 
85C82 85C82 
85C92 85C92 

12C is a trademark of Philips Corporation 

© 1994 Microchip Technology Inc. 

DESCRIPTION 

The Microchip Technology Inc. 85C72/82/92 is a 
1 K/2K/4K bit Electrically Erasable PROM. The device 
is organized as shown with a two wire serial interface. 
Advanced CMOS technology allows a significant reduc
tion in power over NMOS serial devices. The 85C72/82/ 
92 also has a page-write capability for up to 8 bytes of 
data (see chart). Up to eight 85C72/82/92s may be 
connected to the two wire bus. The 85C72/82/92 is 
available in standard 8-pin DIP and surface mount SOIC 
packages. 

BLOCK DIAGRAM 

Vee.._. DATA 
BUFFER Vss .._. 

(FIFO) 

DATA REG. 

MEMORY 
SDA ARRAY 

SCL 

AOA1 A2 

SOIC Packages 
14 NC NC 

AO 2 13 Vee 

A1 3 12 NC 
8 Vee 

NC 4 11 NC 
7 NC 5 10 A2 SCL 

6 SCL Vss 6 9 SDA 

5 SDA NC 7 8 NC 

85C92 
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85C72/82/92 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings* 

Vee .................................................................... 7.0V 
All inputs and outputs w.r.t. Vss ...... -0.6V to Vee + 1.0V 
Storage temperature ...................... -65°C to +150°C 
Ambient temp. with power applied .... -65°C to + 125°C 
Soldering temperature of leads (10 seconds) . +300°C 
ESD protection on all pins .................................... 4 kV 
•Notice: Stresses above those listed under "Maximum ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at those or any other conditions above 
those indicated in the operational listings of this specification is not 
implied. Exposure to maximum rating conditions for extended periods 
may affect device reliability. 

DC CHARACTERISTICS 

Parameter Symbol Min Max 

Vee detector threshold VTH 2.8 4.5 

SCL and SDA pins: 
High level input voltage VIH Vee x 0.7 Vee+ 1 
Low level input voltage VIL -0.3 Vee x0.3 
Low level output voltage VOL 0.4 

AO, A 1 & A2 pins: 
High level input voltage VIH Vcc-0.5 Vee +0.5 
Low level input voltage VIL -0.3 0.5 

Input leakage current lu - 10 

Output leakage current ILO - 10 

Internal capacitance CINT - 7.0 
(all inputs/outputs) 

Operating current lcco - 3.5 

4.25 

read cycle )CCR - 750 

Standby current Ices - 100 

PIN FUNCTION TABLE 

Name Function 

AO, A1, A2 Chip Address Inputs 
Vss Ground 
SDA Serial Address/Data Input/Output 
SCL Serial Clock 
NC No Connect 
Vee +5V Power Supply 

Vee= +5V (±10%) 
Commercial (C): Tamb = 0°Cto +70°C 
Industrial (I): Tamb = -4o·c to +85"C 
Automotive (E): Tamb = -40°C to +125°C (Note 2) 

Units Conditions 

v 

v 
v 
v IOL = 3.2 mA (SDA only) 

v 
v 

µA VIN = ov to Vee 

µA VOUT = OV to Vee 

pF VINIVOUT = ov (Note 1) 
Tamb = +25°C, f = 1 MHz 

mA FCLK = 100 kHz, program cycle time = 1 ms, 
Vee= 5V, Tamb = o·c to +1o·c 

mA FCLK = 100 kHz, program cycle time = 1 ms, 
Vee= 5V, Tamb = (I) and (E) 

µA Vee= 5V, Tamb = (C), (I) and (E) 

µA SDA = SCL =Vee= 5V (no PROGRAM active) 

Note 1: This parameter is periodically sampled and not 100% tested. 
Note 2: For operation above 85°C, endurance is rated at 10,000 ERASE/WRITE cycles 

BUS TIMING START/STOP 

SCL ----' 

I 
I 
I 
I 
I 

TSU:STA~ 
I 

SDA -----.;..' ~ 1 

START 
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THD:STA 

STOP 
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AC CHARACTERISTICS 

Parameter Symbol Min Typ Max Units Remarks 

Clock frequency FCLK -- -- 100 kHz 

Clock high time THIGH 4000 -- -- ns 

Clock low time TLOW 4700 -- -- ns 

SDA and SCL rise time TR -- -- 1000 ns 

SDA and SCL fall time TF -- -- 300 ns 

START condition hold time THD:STA 4000 -- -- ns After this period the first 
clock pulse is generated 

START condition setup time Tsu:STA 4700 -- -- ns Only relevant for repeated 
START condition 

Data input hold time THD:DAT 0 -- -- ns 

Data input setup time TSU:DAT 250 -- -- ns 

Data output delay time TPD 300 -- 3500 ns See Note 1 

STOP condition setup time TSU:STO 4700 -- -- ns 

Bus free time TBUF 4700 -- -- ns Time the bus must be free 
before a new transmission 
can start 

Input filter time constant T1 -- -- 100 ns 
(SDA and SCL pins) 

Program cycle time Twc -- .4 1 ms Byte Mode 
.4N N ms Page Mode, N = # of bytes 

to be written 

Note 1: Astransmitterthe device must provide this internal minimum delay time to bridge the undefined region (minimum 
300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 

BUS TIMING DATA 

SCL 

SDA 
N 

' , __ _ 

'-~~o-j t_ __ _J 
~-------~ 

SDA ""7'<,...,...,.'7"<"""7<"""7~~ r--------... r-------------
OUT ...l.o!~~~L..:i.L..:i.L:J~ '---------' '---------------

FUNCTIONAL DESCRIPTION 

The 85C72/82/92 supports a bidirectional two wire bus 
and data transmission protocol. A device that sends 
data onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus has to be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 85C72/82/92 

C 1994 Microchip Technology Inc. 

works as slave. Both, master and slave can operate as 
transmitter or receiver, but the master device deter
mines which mode is activated. 

Up to eight 85C72/82/92s can be connected to the bus, 
selected by the AO, A 1 and A2 chip address inputs. 
Other devices can be connected to the bus, but require 
different device codes than the 85C72/82/92 (refer to 
section Slave Address). 

OS11182A-page 3 
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BUS CHARACTERISTICS 

The following bus protocol has been defined: 

- Data transfer may be initiated only when the bus is not 
busy. 

- During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 
a START or STOP condition. 

Accordingly, the following bus conditions have been 
defined (see Figure 1): 

Bus not Busy (A) 

Both data and clock lines remain HIGH. 

Start Data Transfer (B) 

A HIGH to LOW transition of the SDA line while the clock 
(SCL) is HIGH determines a START condition. All 
commands must be preceded by a START condition. 

Stop Data Transfer (C) 

A LOW to HIGH transition of the SDA line while the clock 
(SCL) is HIGH determines a STOP condition. All opera
tions must be ended with a STOP condition. 

Data Valid (D) 

The state of the data line represents valid data when, 
after a start condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 

The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 

Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited. 

Acknowledge 

Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 

Note: The 85C72/82/92 does not generate any ac-
knowledge bits If an internal programming 
cycle is in progress. 

The device that acknowledges, has to pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. A 
master must signal an end of data to the slave by not 
generating an acknowledge bit on the last byte that has 
been clocked out of the slave. In this case the slave must 
leave the data line HIGH to enable the master to gener
ate the STOP condition. 

FIGURE 1 - DATA TRANSFER SEQUENCE ON THE SERIAL BUS 

(A) (B) 
SCL --+---+---.. 

SDA 

START CONDITION 
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(D) 

ADDRESS DATA ALLOWED 
OR TO CHANGE 

ACKNOWLEDGE 
VALID 
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SLAVE ADDRESS 

The chip address inputs AO, A 1 and A2 of each 85C72/ 
82/92 must be externally connected to either Vee or 
ground (Vss), assigning to each 85C72/82/92 a unique 
3-bit address. Up to eight 85C72/82/92s may be 
connected to the bus. Chip selection is then accom
plished through software by setting the bits AO, A 1 and 
A2 of the transmitted slave address to the corresponding 
hardwired logic levels of the selected 85C72/82/92. 

After generating a START condition, the bus master 
transmits the slave address consisting of a 4-bit device 
code (1010) for the 85C72/82/92, followed by the chip 
address bits AO, A 1 and A2. In the 85C92 the seventh 
bit of that byte (BA) is used to select the upper block 
(addresses 100 - 1 FF) or the lower block (000 - FFF) of 
the array. 

The eighth bit of slave address determines if the master 
device wants to read or write to the 85C72/82/92 (see 
Figure2). 

The 85C72/82/92 monitors the bus for its corresponding 
slave address all the time. It generates an acknowledge 
bit if the slave address was true and it is not in a 
programming mode. 

FIGURE 2- SLAVE ADDRESS ALLOCATION 

( 

START 

/ 
I : 
I 

I 
I 

READ'E 

0 A2 I A1 I 

FIGURE 3 - PROGRAM MODE (ERASE/WRITE) 
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85C72/82/92 

BYTE PROGRAM MODE 

In this mode the master sends addresses and one data 
byte to the 85C72/82/92. 

Following the START condition, the device code (4-bit), 
the slave address (3-bit), and the R/W bit, which is logic 
LOW, are placed onto the bus by the master. This 
indicates to the addressed 85C72/82/92 that a byte with 
a word address will follow after it has generated an 
acknowledge bit. Therefore, the next byte transmitted 
by the master is the word address and will be written into 
the address pointer of the 85C72/82/92. After receiving 
the acknowledge of the 85C72/82/92, the master device 
transmits the data word to be written into the addressed 
memory location. The85C72/82/92acknowledgesagain 
and the master generates a STOP condition. This 
initiates the internal programming cycle of the 85C72/ 
82/92 (see Figure 3). 

PAGEPROGRAM MODE 

To program the 85C72/82/92, the master sends ad
dresses and data to the 85C72/82/92 which is the slave 
(see Figure 3). This is done by supplying a START S 
condition followed by the 4-bit device code, the 3-bit 
slave address, andthe RIWbitwhich is defined as a logic 
LOW for a write. This indicates to the addressed slave 
that a word address will follow so the slave outputs the 
acknowledge pulse to the master during the ninth clock 
pulse. When the word address is received by the 85C72/ 
82/92, it places it in the lower 8 bits of the address pointer 
defining which memory location is to be written. The 
85C72/82/92 will generate an acknowledge after every 
8 bits received and store them consecutively in a 2-byte 
RAM until a stop condition is detected which initiates the 
internal programming cycle. If more than 2 bytes are 
transmitted by the master, the 85C72/82/92 will termi-
nate the write cycle. This does not affect erase/write 
cycles of the EEPROM array. 

If the master generates a STOP condition after transmit
ting the first data word (Point 'P' on Figure 3), byte 
programming mode is entered. 

The internal, completely self-timed PROGRAM cycle 
starts after the STOP condition has been generated by 
the master and all received (up to two) data bytes will be 
written in a serial manner. 

The PROGRAM cycle takes N milliseconds, whereby N 
is the number of received data bytes (N max = 2). 

ACKNOWLEDGES FROM SLAVE 

DS11182A-page 5 

5-163 



85C72/82/92 

ACKNOWLEDGE POLLING 

Since the device will not acknowledge during a write 
cycle, this can be used to determine when the cycle is 
complete (this feature can be used to maximize bus 
throughput). Once the stop condition for a write com
mand has been issued from the master, the device 
initiates the internally timed write cycle. ACK polling can 
be initiated immediately. This involves the master 
sending a start condition followed by the control byte for 
a write command (RJW = 0). If the device is still busy with 
the write cycle, then no ACK will be returned. If the cycle 
is complete, then the device will return the ACK and the 
master can then proceed with the next read or write 
command. See Figure 4 for flow diagram. 

FIGURE 4 • ACKNOWLEDGE POLLING FLOW 

Send 
Write Command 

Send Stop 
Condition to 

Initiate Write Cycle 

Send Start 

Send Control Byte 
with RfW=O 

Next 
Operation 

FIGURE 5 • READ MODE 

READ MODE 

This mode illustrates master device reading data from 
the 85C72/82/92. 

As can be seen from Figure 5, the master first sets up the 
slave and word addresses by doing a write. (Note: 
Although this is a read mode, the address pointer must 
be written to.) During this period the 85C72/82/92 gen
erates the necessary acknowledge bits as defined in the 
appropriate section. 

The master now generates another START condition 
and transmits the slave address again, except this time 
the read/write bit is set into the read mode. After the 
slave generates the acknowledge bit, it then outputs the 
data from the addressed location on to the SDA pin, 
increments the address pointer and, if it receives an 
acknowledge from the master, will transmit the next 
consecutive byte. This autoincrement sequence is only 
aborted when the master sends a STOP condition 
instead of an acknowledge. 

Note: If the master knows where the address pointer is, 
it can begin the read sequence at point 'R' 
indicated on Figure 5 and save time transmitting 
the slave and word addresses. 

Note: In all modes, the address pointer will automati
cally increment from the end of the memory block 
(256 byte) back to the first location in that block. 

ACKNOWLEDGES FROM SLAVE RECEIVER ACKNOWLEDGES FROM MASTER RECEIVER 

i .t ! j_ 
I I I I I I I I l ITI I TTI I IT TTlTTTT -.- 'f TTTTTTT 

START SLAVE 0 A WORD ADDRESS A START SLAVE 1 A DATABYTE1 A LAST STOP ADDRESS ADDRESS DATA BYTE 

_L.J__l__l__l__l_ _l__.l__l__l__l__l__l_ _l__l__l__l__l__l_ _l__l__l__l__l__l__l_ _J,.L _L.J__l__l__.l__l__l_ 

~ l Jv AUTO INCREMENT 
WORD ADDRESS 
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PIN DESCRIPTION 

AO. A 1 and A2 Chip Address Inputs 

The levels on these inputs are compared with the 
corresponding bits in the slave address. The chip is 
selected if the compare is true. For 85C92, AO is no 
function. 

Up to eight 85C72/82s or four 85C92s can be connected 
to the bus. 

These inputs must be connected to either Vss or Vee. 

SDA Serial Address/Data Input/Output 

This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. It is an open drain 
terminal, therefore the SDA bus requires a pull up resis
tor to Vee (typical 1 OKn). For normal data transfer SDA 
is allowed to change only during SCL LOW. Changes 
during SCL HIGH are reserved for indicating the ST ART 
and STOP conditions. 

SCL Serial Clock 

This input is used to synchronize the data transfer from 
and to the device. 

NC No Connect 

This pin can be left open or used as a tie point. 

Notes: 

1. A 'page' is defined as the maximum number of bytes 
that can be programmed in a single write cycle. The 
85C72/82 page is 2 bytes long and the 85C92 page 
is 8 bytes long. 

2. A 'block" is defined as a continuous area of memory 
with distinct boundaries. The address pointer can not 
cross the boundary from one block to another. It will 
however, wrap around from the end of a block to the 
first location in the same block. The 85C72/82 has 
only one block (256 bytes), while the 85C92 has two 
blocks of 256 bytes each. 

© 1994 Microchip Technology Inc. 
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85C72/82/92 

SALES AND SUPPORT 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 

PART NUMBERS 

OS 11182A-page 8 

PACKAGE: 

I TEMPERATURE 
RANGE: 

1 DEVICE: 

J 
p 

SM 
SL 

Blank 
I 

E 

85C72 
85C72T 

85C82 
85C82T 

85C92 
85C92T 
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CERDIP 
Plastic DIP 
Plastic SOIC (207 mil Body) 8-Lead 
Plastic SOIC 14-Lead {85C92 only) 

o·cto +1o·c 
-4o·c to +as·c 
-4o·c to +12s·c 

1 K CMOS Serial EEPROM 
1 K CMOS Serial EEPROM (in Tape & Reel) 
2K CMOS Serial EEPROM 
2K CMOS Serial EEPROM (in Tape & Reel) 
4K CMOS Serial EEPROM 
4K CMOS Serial EEPROM (in Tape & Reel) 

© 1994 Microchip Technology Inc. 



MICROCHIP 93C06/46 
256 Bit/lK SV CMOS Serial EEPROM 

FEATURES 
• Low power CMOS technology 
• 16 bit memory organization 

- 16 x 16 bit organization (93C06) 
- 64 x 16 bit organization (93C46) 

• Single 5 volt only operation 
• Self-timed ERASE and WRITE cycles 
• Automatic ERASE before WRITE 
• Power on/off data protection circuitry 
• 1,000,000 ERASE/WRITE cycles (typical) 
• Data Retention > 40 years 
• 8-pin DIP or SOIC package 
• Available for extended temperature ranges: 

- Commercial: o·c to +70°C 
- Industrial: -40"C to +85"C 
-Automotive: -40"C to+ 125°C 

• 2 ms program cycle time 

PIN CONFIGURATION 

DIP Package 

cs 8 Vee cs 

CLK 2 7 NC CLK 

DI 3 6 NC DI 

DO 4 5 Vss DO 

93C06 
93C46 

©1994 Microchip Technology Inc. 

2 

3 

4 

93C06 
93C46 

DESCRIPTION 

The Microchip Technology Inc. 93C06/46 family of Se
rial Electrically Erasable PRO Ms are configured in a x16 
organization. Advanced CMOS technology makes these 
devices ideal for low-power non-volatile memory appli
cations. The 93C06/46 is available in the standard 8-pin 
DIP and surface mount SOIC packages. The 93C46X 
comes as SOIC only. 

These devices offer fast (1 ms) byte write and extended 
(-40°C to 125°C) temperature operation. It is recom
mended that all other applications use Microchip's 
93LC46. 

BLOCK DIAGRAM 

DI 

cs 

CLK 

8 

7 

6 

5 

Vee Vss 

MEMORY 
ARRAY 

CLOCK 
GENERATOR 

SOIC Packages 

Vee NC 

NC Vee 

NC cs 

Vss CLK 

ADDRESS 
DECODER 

OUTPUT 
t-----+--. BUFFER 

8 

2 7 

3 6 

4 5 

93C46X 

DO 

NC 

Vss 

DO 

DI 
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93C06/46 

ELECTRICAL CHARACTERISTICS 
Maximum Ratings* 

Vcc .............................................................................................. 7.0V 
All inputs and outputs w.r.t. Vss ...... -0.6V to Vee + 1.0V 
Storage temperature ........................... -65°C to + 150°C 
Ambient temperature with 
power applied ....................................... -65°C to + 125C 
Soldering termperature of leads (10 seconds) .. +300°C 
ESD protection on all pins ...................................... 4 kV 
*Notice: Stresses above those listed under "Maximum ratings• may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at those or any other condijions above 
those indicated in the operational listings of this specification is not 
implied. Exposure to maximum rating conditions for extended periods 
may affect device reliabilijy. 

DC CHARACTERISTICS 

Parameter Symbol Min 

Vee detector threshold VTH 2.8 

High level input voltage VIH 2.0 

Low level input voltage VIL -0.3 

High level output voltage VOH 2.4 

Low level output voltage VOL -
Input leakage current lu -
Output leakage current ILO -
Internal capacitance CINT -
(all inputs/outputs) 

Operating current Ice write -
(all modes) 

Standby current Ices -
Note 1: Internal resistor pull-up at Pin 6. 

PIN FUNCTION TABLE 

Name Function 

cs Chip Select 
CLK Serial Clock 
DI Data In 
DO Data Out 
Vss Ground 
NC No Connect; No Internal 

Connection 
Vee +5V Power Supply 

Vee= +5V (±10%) 
Commercial : Tamb= 0°Cto +70°C 
Industrial : Tamb = -40°C to +85°C 
Automotive: Tamb = -40°C to +125°C (Note 3) 

Max Units Conditions 

4.5 v 
Vee+ 1 v 

0.8 v 
- v IOH = -400µA 

0.4 v IOL=3.2mA 

10 µA VIN = OV to Vee (Note 1) 

10 µA Vour = OV to Vee (Note 1) 

7 pF VINNOUT = OV (Note~ 
Tamb = +25"C, f = 1 Hz 

4 mA FCLK = 1 MHz, Vee = 5.5V 

100 µA cs= ov, Vee = 5.5V 

Note 2: This parameter is periodically sampled and not 100% tested. 
Note 3: For operation above 85°C, endurance is rated at 10,000 ERASE/WRITE cycles. 

SYNCHRONOUS DATA TIMING 

CLK 

ll 

cs 

DO 
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AC CHARACTERISTICS 

Parameter 

Clock frequency 

Clock high time 

Clock low time 

Chip select setup time 

Chip select hold time 

Chip select low time 

Data input setup time 

Data input hold time 

Data output delay time 

Data output disable time (from CS = low) 

Data output disable time (from last clock) 

Status valid time 

Program cycle time (Auto Erase and Write) 

Erase cycle time 

Endurance 

PIN DESCRIPTION 

Chip Select (CS) 

Symbol 

FCLK 

TCKH 

TCKL 

Tess 

TCSH 

TCSL 

TDIS 

TDIH 

TPD 

Tcz 

Tooz 

Tsv 

Twc 

TEC 

-

A HIGH level selects the device. A LOW level deselects 
the device and forces it into standby mode. However, a 
programming cycle which is already initiated and/or in 
progress will be completed, regardless of the CS input 
signal. If CS is brought LOW during a program cycle, the 
device will go into standby mode as soon as the pro
gramming cycle is completed. 

CS must be LOW for 100 ns minimum (TcsL) between 
consecutive instructions. If CS is LOW, the internal 
control logic is held in a RESET status. 

Serial Clock (CLK) 

The Serial Clock is used to synchronize the communi
cation between a master device and the 93C06/46. 
Opcode, address, and data bits are clocked in on the 
positive edge of CU<. Data bits are also clocked out on 
the positive edge of CLK. 

CLK can be stopped anywhere in the transmission 
sequence (at HIGH or LOW level) and can be continued 
anytime (with respect to clock HIGH time (TCKH) and 
clock LOW time (TCKL). This gives the controlling master 
freedom in preparing opcode, address and data. 

CLK is a 'Don't Care• if CS is LOW (device deselected). 
If CS is HIGH, but STARTcondition has not been de
tected, any number of clock cycles can be received by 
the device without changing its status. (i.e., waiting for 
START condition). 

01994 Microchip Technology Inc. 

93C06/46 

Min Max Units Conditions 

1 MHz 

500 - ns 

500 - ns 

50 - ns 

0 - ns 

100 - ns 

100 - ns 

100 - ns 

- 400 ns CL= 100pF 

0 100 ns CL= 100pF 

0 400 ns CL= 100pF 

- 100 ns CL= 100pF 

- 2 ms 
15 ms for ERAL and WRAL 

- 1 ms 

100,000 - EN/Cycles 

CLKcycles are not required during the self-timed WRITE 
(i.e., auto ERASEN/RITE) cycle. 

After detection of a start condition, the specified number 
of clock cycles (respectively LOW to HIGH transitions of 
CLK) must be provided. These clock cycles are required 
to clock in all required opcode, address, and data bits 
before an instruction is executed (see instruction set 
truth table). CLK and DI then become 'Don't Care• 
inputs waiting for a new start condition to be detected. 

Note: CS must go LOW between consecutive instruc-
tions. 

Data In (01) 

Data In is used to clock in a START bit, opcode, address, 
and data synchronously with the CU< input. 

Data Out (DO) 

Data Out is used in the READ mode to output data 
synchronously with the CU< input (TPD after the positive 
edge of CLK). 

This pin also provides READY/BUSY status information 
during ERASE and WRITE cycles. READY/BUSY sta
tus information is available on the DO pin if CS is brought 
HIGH after being LOW for minimum chip select LOW 
time (TcsL) from the falling edge of the CLK which 
clocked in the last DI bit (DO for WRITE, AO for ERASE) 
and an ERASE or WRITE operation has been initiated. 

DS11179A-page 3 
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93C06/46 

The status signal is not available on DO, if CS is held 
LOW or HIGH during the entire WRITE or ERASE cycle. 
In all other cases DO is in the HIGH-Z mode. If status is 
checked after the WRITE/ERASE cycle, a pull-up resis
tor on DO is required to read the READY signal. 

DI and DO can be connected together to perform a 3-
wire interface (CS, CLK, DI/DO). 

INSTRUCTION SET - 93C06 

Start Opcode 
Instruction BIT OP1 OP2 Address 

READ 1 1 0 0 0 A3 A2 

WRITE 1 0 1 0 0 A3 A2 

ERASE 1 1 1 0 0 A3 A2 

EWEN 1 0 0 1 1 x x 
EWDS 1 0 0 0 0 x x 
ERAL 1 0 0 1 0 x x 
WRAL 1 0 0 0 1 x x 

INSTRUCTION SET - 93C46 

Start Opcode 
Instruction BIT OP1 OP2 Address 

READ 1 1 0 A5 A4 A3 A2 

WRITE 1 0 1 A5 A4 A3 A2 
ERASE 1 1 1 A5 A4 A3 A2 

EWEN 1 0 0 1 1 x 
EWDS 1 0 0 0 0 x 
ERAL 1 0 0 1 0 x 
WRAL 1 0 0 0 1 x 

FUNCTIONAL DESCRIPTION 

START Condition 

The START bit is detected by the device if CS and DI are 
both HIGH with respect to the positive edge of CLK for 
the first time. 

Before a ST ART condition is detected, CS, CLK, and DI 
may change in any combination (except to that of a 
START condition), without resulting in any device opera
tion (READ, WRITE, ERASE, EWEN, EWDS, ERAL, 
and WRAL). As soon as CS is HIGH, the device is no 
longer in the standby mode. 

An instruction following a START condition will only be 
executed if the required amount of opcode, address and 
data bits for any particular instruction is clocked in. 

After execution of an instruction (i.e., clock in or out of 
the last required address or data bit) CLK and DI 
become don't care bits until a new start condition is 
detected. 

DS11179A-page 4 
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Care must be taken with the leading dummy zero which 
is outputted after a READ command has been detected. 
Also, the controlling device must not drive the DI/DO bus 
during Erase and Write cycles if the READY/BUSY 
status information is outputted by the 93C06/46. 

Number of 
Data In Data Out Req. CLK Cycles 

AO - D15-DO 25 

AO D15-DO (RDY/BSY) 25 

AO - (RDY/BSY) 9 

x - High-Z 9 

x - High-Z 9 

x - (RDY/BSY) 9 

x D15-DO (RDY/BSY) 25 

Number of 
Data In Data Out Req. CLK Cycles 

AO - D15-DO 25 

AO D15-DO (RDY/BSY) 25 

AO - (RDY/BSY) 9 

x - High-Z 9 

x - High-Z 9 

x - (RDY/BSY) 9 

x D15- DO (RDY/BSY) 25 

It is possible to connect the Data In and Data Out pins 
together. However, with this configuration it is possible 
for a 'bus conflict' to occur during the "dummy zero' that 
precedes the READ operation, if AO is a logic HIGH 
level. Under such a condition the voltage level seen at 
Data Out is undefined and will depend upon the relative 
impedances of Data Out and the signal source driving 
AO. The higher the current sourcing capability of AO, the 
higher the voltage at the Data Out pin. 

Data Protection 

During power-up, all modes of operation are inhibited 
until Vee has reached 2.8V. During power-down, the 
source data protection circuitry acts to inhibit all modes 
when Vee has fallen below 2.BV. 

The EWEN and EWDS commands give additional pro
tection against accidentally programming during normal 
operation. 
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After power-up, the device is automatically in the EWDS 
mode. Therefore, an EWEN instruction must be per
formed before any ERASE or WRITE instruction can be 
executed. After programming is completed, the EWDS 
instruction offers added protection against unintended 
data changes. 

READ Mode 

The READ instruction outputs the serial data of the 
addressed memory location on the DO pin. A dummy bit 
(logical O) precedes the 16-bit output string. The output 
data changes during the HIGH state of the system clock 
(CLK). The dummy bit is output TPD after the positive 
edge of CLK, which was used to clock in the last address 
bit (AO). Therefore, care must be taken if DI and DO are 
connected together as a bus contention will occur for 
one clock cycle if AO has been a one. 

DO will go into HIGH-Z mode with the positive edge of 
the next CLK cycle. This follows the output of the last 
data bit DO or the low going edge of CS, which ever 
occurs first. 

READ MODE 

CU< 

cs I 77 

93C06/46 

DO remains stable between CLK cycles for an unlimited 
time as long as CS stays HIGH. 

The most significant data bit (D15) is always output first, 
followed by the lower significant bits (D14 - DO). 

WRITE Mode 

The WRITE instruction is followed by 16 bits of data 
which are written into the specified address. The most 
significant data bit (D15) has to be clocked in first, 
followed by the lower significant data bits (D14- DO). If 
a WRITE instruction is recognized by the device and all 
data bits have been clocked in, the device performs an 
automatic ERASE cycle on the specified address before 
the data are written. The WRITE cycle is completely self
timed and commences automatically after the rising 
edge of the CLK for the last data bit (DO). 

The WRITE cycle takes 2 ms maximum. 

I ,... ..,, 
Sf ,[_ Tes.. .}--

:'-----": 
I I 

SB OP1 OP2 P5 M /113 1ro I 

01 a ;,_______,\ /£. K B i~ ~~ I 
1 0 11 ...., TDDZ :--

TPD~I~ ·~ 
00----------- HIGH·Z J 'ofYi5"JCJ~ 

WRITE MODE 

CU<mu 
cs 

00-----------
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I 
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93C06/46 

ERASE Mode 

The ERASE instruction forces all the data bits of the 
specified address to logical '1s'. The ERASE cycle is 
completely self-timed and commences automatically 
after the last address bit has been clocked in. 

The ERASE cycle takes 1 ms maximum. 

ERASE MODE 

CU< ~I 
~I TCSL ~ __.) TCSL 1

1..-
,,-,-----------------~l;....-~I I I 

I STAlUS cs 
I I CHECK I 
I I I 

SB OP1 OP2 P5 A4 P3 1ro I I 

"®(~~~~ 
I I I 

DI ~ I 
1 _.., l~Tooz 

Tsv...-1 ~ : 11_, __ _ 

HIGH-Z -------~•>-----< BSY 

ERASE/WRITE Enable/Disable (EWEN. EWDS) 

The device is automatically in the ERASE/WRITE Dis
able mode (EWDS) after power-up. Therefore, an 
EWEN instruction has to be performed before any 
ERASE, WRITE, ERAL, WRAL instruction is executed 

ERASE/WRITE ENABLE/DISABLE 

CU<~LI 

cs 

DIB,. 

DS11179A-page 6 

I I 

:~ TEC ~ 

NEW INSTRUCTION 
OR STANDBY (CS= 0) 

by the device. For added data protection, the device 
should be put in the ERASE/WRITE Disable mode 
(EWDS) after programming operations are completed. 
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ERASE All (ERAL) 

The entire chip will be erased to logical '1 s' if this 
instruction is received by the device and it is in the EWEN 
mode. The ERAL cycle is completely self-timed and 
commences after the last dummy address bit has been 
clocked in. 

ERAL takes 15 ms maximum. 

ERASE ALL 

CU< 

cs 

SB OP1 OP2 

~ 
I I 
I 
I 
I 
I 

93C06/46 

~ I 
TCSL ~ --' TCSL ~ 

I I 

I 
I 
I 

DI~ /\ I\ ~ I 
~ I 

0 0 0 x 

DO HIGH·Z 

WRITE All (WRAL) 

The entire chip will be written with the data specified in 
that command. The WRAL cycle is completely self
timed and commences after the rising edge of the CLK 
for the last data bit (DO). WRAL takes 15 ms maximum. 

WRITE ALL 

cs 

x x ,x 
Tsv 

I 

: ... 

I 

~ I 
I Tooz~ 
~ 
I 

I 
I 

Tvc •1 
NEW INSTRUCTION 

OR STANDBY (CS= O) 

~ 

Note: The WRALdoes not include an automatic ERASE 
cycle for the chip. Therefore, the WRAL instruc
tion must be preceded by an ERAL instruction 
and the chip must be in the EWEN status in both 
cases. 

The WRAL instruction is used for testing and/or device 
initialization. 

I 

~ I 
I 
I 

011l!&, 

SB OP1 OP2 015 ~ r\.__ __ __,/~~~~~"""""""'""""""'""""&<T»'~ 
I 
I 
I 
I 

0 0 0 
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93C06/46 

SALES AND SUPPORT 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 

PART NUMBERS 

=-~~-' J CERDIP 
p Plastic DIP 

SN Plastic SOIC (150 mil Body) 
SM Plastic SOIC (207 mil Body) 

1 Temperature Blank 0°C to +70°C 
Range: I -40°C to +85°C 

E -40°C to + 125°C 

Device: 93C06 256 bit CMOS Serial EEPROM 
93C46 1 K CMOS Serial EEPROM 

93C46X 1 K CMOS Serial EEPROM with 
alternate pinouts (in SN package only) 

93C06T (in Tape and Reel) 
93C06/46T (in Tape and Reel) 

93C46XT (in Tape and Reel) 

DS11179A-page 8 ©1994 Microchip Technology Inc. 
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MICROCHIP 93C56/66 
2K/4K SV CMOS Serial EEPROM 

FEATURES 
• Low power CMOS technology 
• ORG pin selectable memory organization 

- 256 x 8 or 128 x 16 bit organization (93C56) 
- 512 x 8 or 256 x 16 bit organization (93C66) 

• Single 5 volts only operation 
• Max clock at 2 MHz 
• Self-limed ERASE and WRITE cycles 
• Automatic ERASE before WRITE 
• Power on/off data protection circuitry 
• Industry standard 3-wire serial VO 
• Device status signal during ERASE/WRITE cycles 
• Sequential READ function 
• 1,000,000 ERASE/WRITE cycles (typical) 
• Data retention > 40 years 
• 8-pin PDIP/SOIC packages 

(SOIC in JEDEC and EIAJ standards) 
• Available for extended temperature ranges: 

Commercial: o·c to + 70°C 
- Industrial: -40'C to +85'C 
- Automotive: -40°C to + 125'C 

• 1 ms byte write time 

PIN CONFIGURATION 

DIP Package 

cs 8 Vee 

CU< 2 7 NU 

DI 3 6 ORG 

DO 4 5 Vss 

93C56 
93C66 

© 1994 Microchip Technology Inc. 

DESCRIPTION 

The Microchip Technology Inc. 93C56/66 family of Se
rial EEPROMs are configurable to either x16 or x8 
organization. The ORG pin is used to select the desired 
configuration. Advanced CMOS technology makes this 
device ideal for low-power non-volatile memory applica
tions. The 93C56/66 are available in the standard 8-pin 
DIP and 8-pin surface mount SOIC package. 

This device offers fast (1 ms) byte write and extended 
(-40°C to 125°C) temperature operation. It is recom
mended that all other applications use Microchip's 
93LC56/93LC66. 

BLOCK DIAGRAM 

5-175 

[I 

ORG 

cs 

CU< 

Vee Vss 

MEMORY 
ARRAY 

ADDRESS 
DECODER 

ADDRESS 
COUNTER 

DATA REGISTER 1----+-- ~~ DO 

cs 

CLK 

DI 

DO 

MODE 
DECODE 
LOGIC 

CLOCK 
GENERATOR 

SOIC Package 

8 

7 

6 

5 

93C56 
93C66 

Vee 

TEST 

ORG 

Vss 
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93C56/66 

ELECTRICAL CHARACTERISTICS 
Maximum Ratings* 

Vcc ............................................................................................ 7.0V 
All inputs and outputs w.r.t. Vss ..... -0.6V to Vee + 1.0V 
Storage temperature ...................... -65°C to + 15o·c 
Ambient temp. with power applied .... -65°C to+ 125·c 
Soldering temperature of leads {10 seconds). +300°C 
ESD protection on all pins .................................... 3 kV 

•Notice: Stresses above those listed under "Maximum ratings" may 
cause pennanent damage to the device. This is a stress rating only and 
functional operation of the device at those or any other conditions above 
those indicated in the operational listings of this specification is not 
implied. Exposure to maximum rating condijions for extended periods 
may affect device reliabilijy. 

DC AND AC ELECTRICAL Commercial 
CHARACTERISTICS Industrial 

(Note 2) Automotive 

Parameter Symbol Min 

Vee detector threshold VTH 2.3 

High level input voltage VIH 2.0 

Low level input voltage VIL -0.3 

High level output voltage VOH 2.4 

Low level output voltage VOL -

Input leakage current lu -
Output leakage current ILO -

Output capacitance COUT -
Input capacitance CIN -
Operating current (all modes) Ice write -

Standby current Ices -
- -

Endurance - 100,000 

Clock frequency FCLK 

Clock high time TCKH 250 

Clock low time TCKL 250 

Chip select setup time Tess 50 

Chip select hold time TCSH 0 

Chip select low time TCSL 100 

Data input setup time TDIS 100 

Data input hold time TDIH 100 

Data output delay time TPD -
Data output disable time Tcz -
Status valid time Tsv -
Program cycle time Twc -
(auto ERASE and WRITE) -

Tee -

PIN FUNCTION TABLE 

Name Function 

cs Chip Select 
CLK Serial Data Clock 
DI Serial Data Input 
DO Serial Data Output 
Vss Ground 

ORG Memory Array Organization 
Test Connect to Vss or Vee 
Vee Power Supply +5V 

(C): Tamb= o·cto +1o·c Vee= +5V (±10%) 
(I) : Tamb = -40°C to +85'C Vee= +5V (±10%) 
(E): Tamb = -40°C to +125'C Vee = +5V (±1Cl%) 

Max Units Conditions 

4.5 v 
Vee+ 1 v 

0.8 v 
v IOH= -400µA 

0.4 v IOL= 2.1 mA 

10 µA VIN= OV to Vee 

10 µA VOUT = ov to Vee 

7 pF VIN/VOUT = OV; Note 1 

7 pF VINNOUT = OV; Note 1 

4 mA FCLK = 2 MHz; Vee = 5.5V 

130 µA CS = OV; Vee = 5.5V; x 8 org 

100 µA CS = OV; Vee = 5.5V; x 16 org 

- E/WCycles 

2 MHz 

- ns 

- ns 

- ns Relative to CLK 

- ns Relative to CLK 

- ns 

- ns Relative to CLK 

- ns Relative to CLK 

400 ns CL= 100 pF 

100 ns CL= 100pF 

100 ns CL= 100 pF 

1 ms (x 8 organization) 

2 ms (x 16 organization) 

15 ms ERAL & WRAL mode 

Note 1: This parameter is tested at Tamb = 2s·c and FCLK = 1 MHz. It is periodically sampled and not 100% tested. 
Note 2: For operation above as·c, endurance is rated at 10,000 ERASE/WRITE cycles. 

OS 111 SOA-page 2 © 1994 Microchip Technology Inc. 
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93C56/66 

INSTRUCTION SET FOR 93C56 

ORG = 1 (x 16 organization) 

Instruction SB Opcode Address Data In Data Out Req. CLK Cycles 

READ 1 10 x A6 A5 A4 A3 A2 A1 AO - D15 - DO 27 

EWEN 1 00 1 1 x x x x x x - High-Z 11 

ERASE 1 11 x A6 A5 A4 A3 A2 A1 AO - (RDY/BSY) 11 

ERAL 1 00 1 0 x x x x x x - (RDY/BSY) 11 

WRITE 1 01 x A6 A5 A4 A3 A2 A 1 AO D15 - DO (RDY/BSY) 27 

WRAL 1 00 0 1 x x x x x x D15- DO (RDY/BSY) 27 

EWDS 1 00 0 0 x x x x x x - High-Z 11 

ORG = 0 (x 8 organization) 

Instruction SB Opcode Address Data In Data Out Req. CLK Cycles 

READ 1 10 x A7 A6 A5 A4 A3 A2 A1 AO - D7-DO 20 

EWEN 1 00 1 1 x x x x x x x - High-Z 12 

ERASE 1 11 x A7 A6 A5 A4 A3 A2 A1 AO - (RDY/BSY) 12 

ERAL 1 00 1 0 x x x x x x x - J_RDY/BSY) 12 

WRITE 1 01 x A7 A6 A5 A4 A3 A2 A1 AO D7-DO (RDY/BSY) 20 

WRAL 1 00 0 1 x x x x x x x D7-DO (RDY/BSY) 20 • EWDS 1 00 0 0 x x x x x x x - High-Z 12 

INSTRUCTION SET FOR 93C66 

ORG = 1 (x 16 organization) 

Instruction SB Opcode Address Data In Data Out Req. CLK Cycles 

READ 1 10 A7 A6 A5 A4 A3 A2 A1 AO - D15- DO 27 

EWEN 1 00 1 1 x x x x x x - High-Z 11 

ERASE 1 11 A7 A6 A5 A4 A3 A2 A1 AO - (RDY/BSY) 11 

ERAL 1 00 1 0 x x x x x x - (RDY/BSY) 11 

WRITE 1 01 A7 A6 A5 A4 A3 A2 A1 AO D15-DO (RDY/BSY) 27 

WRAL 1 00 0 1 x x x x x x D15- DO (RDY/BSY) 27 

EWDS 1 00 0 0 x x x x x x - High-Z 11 

ORG = 0 (x 8 organization) 

Instruction SB Opcode Address Data In Data Out Req. CLK Cycles 

READ 1 10 AS A7 A6 A5 A4 A3 A2 A1 AO - D7-DO 20 

EWEN 1 00 1 1 x x x x x x x - High-Z 12 

ERASE 1 11 AS A7 A6 A5 A4 A3 A2 A1 AO - (RDY/BSY) 12 

ERAL 1 00 1 0 x x x x x x x - J_RDY/BS'Q_ 12 

WRITE 1 01 AS A7 A6 A5 A4 A3 A2 A1 AO D7-DO (RDY/BSY) 20 

WRAL 1 00 0 1 x x x x x x x D7-DO (RDY/BSY) 20 

EWDS 1 00 0 0 x x x x x x x - High-Z 12 

© 1994 Microchip Technology Inc. DS11180A-page 3 
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93C56/66 

FUNCTIONAL DESCRIPTION 

The 93C56/66 family can be organized x16 or xB. When 
the ORG pin is connected to Vee, the (x16) organization 
is selected. When it is connected to ground, the (xB) 
organization is selected. If the ORG pin is left uncon
nected, then an internal pullup device will select the 
(x16) organization. Instructions, addresses and write 
data are clocked into the DI pin on the rising edge of the 
clock (CLK). The DO pin is normally held in a high-Z 
state except when reading data from the device, or when 
checking the ready/busy status during a programming 
operation. The ready/busy status can be verified during 
an Erase/Write operation by polling the DO pin; DO low 
indicates that programming is still in progress, while DO 
high indicates the device is ready. The DO will enterthe 
high-Z state on the falling edge of the CLK. 

START Condition 

The START bit is detected by the device if CS and DI are 
both HIGH with respect to the positive edge of CLK for 
the first time. 

Before a START condition is detected, CS, CLK, and DI 
may change in any combination (except to that of a 
START condition), without resulting in any device opera
tion (READ, WRITE, ERASE, EWEN, EWDS, ERAL, 
and WRAL). As soon as CS is HIGH, the device is no 
longer in the standby mode. 

An instruction following a START condition will only be 
executed if the required amount of opcode, address and 
data bits for any particular instruction is clocked in. 

After execution of an instruction (i.e., clock in orout of the 
last required address or data bit) CLK and DI become 
don't care bits until a new start condition is detected. 

It is possible to connect the Data In and Data Out pins 
together. However, with this configuration it is possible 
for a "bus conflict' to occur during the "dummy zero" that 
precedes the READ operation, if AO is a logic HIGH 
level. Under such a condition the voltage level seen at 
Data Out is undefined and will depend upon the relative 
impedances of Data Out and the signal source driving 
AO. The higher the current sourcing capability of AO, the 
higher the voltage at the Data Out pin. 

Data Protection 

During power-up, all modes of operation are inhibited 
until Vee has reached 2.3 V. During power-down, the 
source data protection circuitry acts to inhibit all modes 
when Vee has fallen below 2.3 V. 

The EWEN and EWDS commands give additional pro
tection against accidentally programming during normal 
operation. 

DS 111 SOA-page 4 

After power-up, the device is automatically in the EWDS 
mode. Therefore, an EWEN instruction must be per
formed before any ERASE or WRITE instruction can be 
executed. After programming is completed, the EWDS 
instruction offers added protection against unintended 
data changes. 

READ 
The READ instruction outputs the serial data of. the 
addressed memory location on the DO pin. A dummy 
zero bit precedes the 16 bit (x16 organization) or 8 bit (x8 
organization) output string. The output data bits will 
toggle on the rising edge of the CLK and are stable after 
the specified time delay (TPD). Sequential read is 
possible when CS is held high. The memory data will 
automatically cycle to the next register and output se
quentially. 

ERASE/WRITE ENABLE AND 
DISABLE 
The 93C56/66 powers up in the Erase/Write Disable 
(EWDS) state. All programming modes must be pre
ceded by an Erase/Write Enable (EWEN) instruction. 
Once the EWEN instruction is executed, programming 
remains enabled until an EWDS instruction is executed 
or Vee is removed from the device. To protect against 
accidental data changes, the EWDS instruction can be 
used to disable all Erase/Write functions and should 
follow all programming operations. Execution of a 
READ instruction is independent of both the EWEN and 
EWDS instructions. 

ERASE 
The ERASE instruction forces all data bits of the speci
fied address to the logical "1" state. CS is brought low 
following the loading of the last address bit. This falling 
edge of the CS pin initiates the self-timed programming 
cycle. 

The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 100 ns 
low (TesL). DO at logical •o• indicates that programming 
is still in progress. DO at logical "1" indicates that the 
register at the specified address has been erased and 
the device is ready for another instruction. 

The ERASE cycle takes 1 ms per byte maximum. 

WRITE 
The WRITE instruction is followed by 16 bits (or by 8 bits) 
of data which are written into the specified address. 
After the last data bit is put on the DI pin, CS must be 
brought low before the next rising edge of the CLK clock. 
This falling edge of CS initiates the self-timed auto-erase 
and programming cycle. 

© 1994 Microchip Technology Inc. 
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The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 100 ns 
(TcsL). DO at logical ·o· indicates that programming is 
still in progress. DO at logical '1' indicates that the 
register at the specified address has been written with 
the data specified and the device is ready for another 
instruction. 

The WRITE cycle takes 1 ms per byte maximum. 

ERASE ALL 
The ERAL instruction will erase the entire memory array 
to the logical '1 '. The ERAL cycle is identical to the 
ERASE cycle exceptforthe different opcode. The ERAL 
cycle is completely self-timed and commences at the 
falling edge of the CS. Clocking of the CU< pin is not 
necessary after the device has entered the self clocking 
mode. 

The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 100 ns 
low(TCSL). 

The ERAL cycle takes 15 ms maximum. 

WRITE ALL 
The WRAL instruction will write the entire memory array 
with the data specified in the command. The WRAL 
cycle is completely self-timed and commences at the 
falling edge of the CS. Clocking of the CLK pin is not 
necessary after the device has entered the self clocking 
mode. The WRAL command does not include an 
automatic ERASE cycle for the device. Therefore, the 
WRAL instruction must be preceded by an ERAL in
struction and the chip must be in the EWEN status in 
both cases. 

The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 100 ns 
low(TCSL). 

The WRAL cycle takes 15 ms maximum. 

PIN DESCRIPTION 

Chip Select (CS) 

A HIGH level selects the device. A LOW level deselects 
the device and forces it into standby mode. However, a 
programming cycle which is already initiated and/or in 
progress will be completed, regardless of the CS input 
signal. If CS is brought LOW during a program cycle, the 
device will go into standby mode as soon as the pro
gramming cycle is completed. 

CS must be LOW for 100 ns minimum (TcsL) between 
consecutive instructions. If CS is LOW, the internal 
control logic is held in a RESET status. 

C 1994 Microchip Technology Inc. 
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Serial Clock (CLK) 

The Serial Clock is used to synchronize the communica
tion between amasterdeviceandthe93C56166. Opcode, 
address, and data bits are clocked in on the positive 
edge of CLK. Data bits are also clocked out on the 
positive edge of CLK. 

CLK can be stopped anywhere in the transmission 
sequence (at HIGH or LOW level) and can be continued 
anytime with respect to clock HIGH time (TCKH) and 
clock LOW time (TcKL). This gives the controlling master 
freedom in preparing opcode, address, and data. 

CLK is a 'Don't Care' if CS is LOW (device deselected). 
If CS is HIGH, but START condition has not been 
detected, any number of clock cycles can be received by 
the device without changing its status (i.e., waiting for 
START condition). 

CLKcycles are not required during the self-timed WRITE 
(i.e., auto ERASE/WRITE) cycle. 

After detection of a start condition the specified number 
of clock cycles (respectively LOW to HIGH transitions of 
CLK) must be provided. These clock cycles are required 
to clock in all required opcode, address, and data bits S 
before an instruction is executed (see instruction set 
truth table). CLK and DI then become don't care inputs 
waiting for a new start condition to be detected. 

Note: CS must go LOW between consecutive instruc
tions. 

Data In (DI) 

Data In is used to clock in a START bit, opcode, address, 
and data synchronously with the CLK input. 

Data Out (DO) 

Data Out is used in the READ mode to output data 
synchronously with the CU< input (TPo afterthe positive 
edge of CLK). 

This pin also provides READY/BUSY status information 
during ERASE and WRITE cycles. READY/BUSY sta
tus information is available on the DO pin if CS is brought 
HIGH after being LOW for minimum chip select LOW 
time (TcsL) and an ERASE or WRITE operation has 
been initiated. 

Organization (ORG) 

When ORG is connected to Vee, the (x16) memory 
organization is selected. When ORG is tied to Vss, the 
(x8) memory organization is selected. When ORG is left 
floating, an internal pullup device will select the device in 
(x16) organization. 

This pin is used for test mode only. It is recommended 
to connect to Vee or Vss for normal operation. 

DS11180A-page 5 
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93C56/66 

TIMING DIAGRAMS 

SYNCHRONOUS DATA TIMING 

V1H 
cs 

Tess VIL TCKH 

VIH 
CU< 

VIL 

VIH 
DI 

VIL 

DO VOH 

(READ) 
VOL 

DO VOH 
Ts 

(PROGRAM) 
VOL 

READ 

cs_~/ 

CU< 

•Address bit A7 becomes a 'don,t care' (x16 mode) on 93C56. 
•Address bit AB becomes a 'don,t care' (x8 mode) on 93C56. 
•The memory automatically cycles to the next register. 

EWEN 

cs_~/ 

CU< 

0 0 
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TCl<I. 

Tcz 

STATUS VALID 

An 
Ox 
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TIMING DIAGRAMS (Cont.) 

EWDS 

CU< 

WRITE 

cs 

CU< 

DI 

93C56/66 

DO _____ T.:..:.R.:.:..l-sT.::;..:.;,;A""TE=--------4'1Sl-------.l\\-SI--..__ .. -~\ - .J 
Tw: 

READY 
\__ 

•Address bit A7 becomes a "don,t care' (x16 mode) on 93C56. 
•Address bit AS becomes a "don,t care' (x8 mode) on 93C56. 

WRAL 

cs 

ClK 

DI 0 0 0 

C 1994 Microchip Technology Inc. 
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TIMING DIAGRAMS (Cont.) 

ERASE 

cs 

CU< 

DI 

Ll(X1_~~ •Address bit A7 becomes a 'don,t care" (x16 mode) on 93C56. ~t-------t-I 
~ ~ •Address bit AS becomes a "don,t care" (x8 mode) on 93C56. Tvc 

ERAL 
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NOTES 

• 
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93C56/66 

SALES AND SUPPORT 
To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 

PART NUMBERS 

D511180A-page 10 

TEMPERATURE 
RANGE: 

DEVICE TYPE: 

p 
SN 
SM 

Blank 
I 

E 

93C56 
93C56T 

93C66 
93C66T 

PLASTIC DIP 
PLASTIC SOIC (150 mil Body) 
PLASTIC SOIC (207 mil Body) 

O'Cto+70'C 
-40'C to +85'C 
-40'C to +125'C 

2K CMOS Serial EEPROM 
2K CMOS Serial EEPROM (in Tape and Reel Form) 
4K CMOS Serial EEPROM 
4K CMOS Serial EEPROM (in Tape and Reel Form) 

C 1994 Microchip Technology Inc. 
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MICROCHIP 93LC46/56/66 
1K/2K/4K 2.0V CMOS Serial EEPROM 

FEATURES 

• Single supply with programming operation down to 
2.0V (Commercial only) 

• Low power CMOS technology 
- 1 mA active current typical 
- 5 µA standby current (typical) at 3.0V 

• ORG pin selectable memory configuration 
128 x 8 or 64 x 16 bit organization (93LC46) 
256 x B or 128 x 16 bit organization (93LC56) 
512 x B or 256 x 16 bit organization (93LC66) 

• Self-timed ERASE and WRITE cycles 
(including auto-erase) 

• Automatic ERAL before WRAL 
• Power on/off data protection circuitry 
• Industry standard 3-wire serial 1/0 
• Device status signal during ERASE/WRITE cycles 
• Sequential READ function 
• 1,000,000 ERASE/WRITE cycles (typical) 
• Data retention > 40 years 
• 8-pin PDIP/SOIC and 14-pin SOIC package 

(SOIC in JEDEC and EIAJ standards) 
• Available for extended temperature ranges: 

Commercial: O'C to +70'C 
- Industrial: -40'C to +85'C 

PIN CONFIGURATION 

DIP Package 

~o·· ~o·· CLK2 7NU CLK 2 7 NU 

Dt3 60RG DI 3 6 NC 

DO 4 5 Vss DO 4 5 Vss 

93LC46 93LC46 
93LC56 93LC56 
93LC66 93LC66 

© 1994 Microchip Technology Inc. 

DESCRIPTION 

The Microchip Technology Inc. 93LC46/56/66 are 1K, 
2K and 4K low voltage serial Electrically Erasable 
PROMs. The device memory is configured as xB or x16 
bits depending on the ORG pin setup. Advanced CMOS 
technology makes these devices ideal for low power 
non-volatile memory applications. The 93LC Series is 
available in standard 8-pin DIP and 8/14-pin surface 
mount SOIC packages. The 93LC46X/56X/66X are 
offered in 'SN' package only. 

BLOCK DIAGRAM 

[I 

cs 

CU< 

Vee Vss 

MEMORY 
ARRAY 

CLOCK 
GENERATOR 

SOIC Packages 

wo~ Vee 2 7 Vss 

CS 3 6 DO 

CLK4 501 

93LC46X 
93LC56X 
93LC66X 

NC 

cs 

CU< 

NC 

DI 

DO 

NC 

ADDRESS 
DECODER 

ADDRESS 
COUNTER 

93LC56 
93LC66 

14 

13 

12 

11 

10 

DO 

NC 

Vee 

NU 

NC 

NC 

Vss 

NC 

OS 11168G-page 1 
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93LC46/56/66 

ELECTRICAL CHARACTERISTICS PIN FUNCTION TABLE 

Maximum Ratjngs* 

Vcc ............................................................................................ 7.0V 
All inputs and outputs w.r.t. Vss •..• --0.6V to Vee + 1.0V 
Storage temperature .............••..•..•.• -ss·c to + 150"C 
Ambient temp. with power applied ..... -ss·c to + 125·c 
Soldering temperature of leads (10 seconds) •. +300"C 
ESD protection on all pins .•................•...•..........•.. 4 kV 
•Notice: Stresses above those listed under "Maximum ratings". mey 
cause pennanent damage to the device. This is a stress rating on~ 

~i":/i='lg"~~~:.\c;:'.:l~~~gf'{i:'~~~~ is~ :::;:'/i..a"&:'v'l:I:' :=~".'um rating ccinditions for extended periods 

Name 

cs 
CLK 
DI 
DO 
Vss 

ORG 
NU 
NC 
Vee 

Function 

Chip Select 
Serial Data Clock 
Serial Data Input 
Serial Data Output 
Ground 
Memory Configuration 
Not Utilized 
No Connect 
Power Supply 

DC AND AC ELECTRICAL Commercial Vee= +2.0V to +6.0V (C): Tamb = o·cto+1o·c 
CHARACTERISTICS Industrial Vee= +2.5V to +6.0V (1) : Tamb = -40'C to +85·c 

Parameter ~mbol Min Max 
High level input voltage VIH1 2.0 Vcc+1 

VIH2 0.7Vee Vcc+1 
Low level input voltage VIL1 --0.3 0.8 

VIL.2 --0.3 0.2Vee 
Low level output voltage VOL1 - 0.4 

VOL.2 - 0.2 
High level output voltage VOH1 2.4 -

VOH2 Vcc-0.2 -
Input leakage current lu -10 10 

Output leakage current ILO -10 10 

Internal capacitance CINT - 7 
(all inputs/outputs) 
Operating current Ice write - 3 

lee read - 1 
500 

Standby current Ices - 100 
30 

Endurance - 100,000 

Clock frequency FCLK - 2 
1 

Clock high time TCKH 250 -
Clock low time TCKL 250 -
Chip select setup time Tess 50 -
Chip select .hold time TCSH 0 -
Chip select low time TCSL 250 -
Data input setup time TDIS 100 -

Data input hold time TDIH 100 -
Data output delay time TPD - 400 

Data output disable time Tcz - 100 

Status valid time Tsv - 500 

Pl"Qg_ram _<:ycle time Twc - 10 

Tee - 15 
TWL 30 

Note 1: This parameter is tested at Tamb = 25"C and FCLK = 1 MHz. 
Note 2: Typical program cycle time is 4 ms per word. 
Note 3: This parameter is periodically sampled and not 100% tested. 
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Units Conditions 

v Voo~2.5V 

v VDD<2.5V 
v Voo~2.5V 

v VDD<2.5V 

v IOL = 2.1 mA; Vee = 4.5V 
v IOL =100 µA; Vee= Vee Min. 

v IOH = -400 ~ Vee = 4.5V 
v IOH = -100 µA; Vee= Vee Min. 

µA VIN = 0.1V to Vee 

µA Vour = 0.1V to Vee 

pF VINIVOUT = 0 v (Note 1 & 3) 
Tamb = +25°C, Fell<= 1 MHz 

mA FcLK = 2 MHz; Vee = 6.0V (Note 3) 

mA FcL.K = 2 MHz; Vee = 6.0V 
µA FCLK = 1 MHz; Vee = 3.0V 
µA CLK =CS = OV; Vee= 6.0V 
µA CLK =CS = OV; Vee= 3.0V 

EJWCycles 1,000,000 E/W cycles typical 

MHz vce~4.5V 

MHz VCe<4.5V 
ns 

ns 

ns Relative to CLK 

ns Relative to CLK 

ns 

ns Relative to CLK 

ns Relative to CLK 

ns CL= 100pF 

ns CL= 100 pF (Note 3) 

ns CL= 100pF 

ms ERASE/WRITE modelNote ?}_ 
ms ERALmode 

ms WRALmode 

C 1994 Microchip Technology Inc. 
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INSTRUCTION SET FOR 93LC46: ORG = 1(x16 organization) 
Instruction SB Opcode Address Data In Data Out R~CLKC~les 

READ 1 10 A5A4A3A2A1 AO - D15-DO 25 
EWEN 1 00 11XXXX - HJg!l-Z 9 
ERASE 1 11 A5 A4 A3 A2 A1 AO - IRDY~ 9 
ERAL 1 00 10XXXX - J.RDY/B~ 9 
WRITE 1 01 A5 A4 A3 A2 A1 AO D15- DO IRDY/B@_ 25 
WRAL 1 00 01XXXX D15- DO (RDY/esv'l 25 
EWDS 1 00 ooxxxx - Hjg_h-Z 9 

INSTRUCTION SET FOR 93LC46: ORG = 0 (x 8 organization) 
Instruction SB Opcode Address Data In Data Out Req. CLK Cycles 

READ 1 10 ASA5A4A3A2A1 AO - D7-DO 18 
EWEN 1 00 1 1 x x x x x - Hjg_h-Z 10 
ERASE 1 11 ASA5A4A3A2A1 AO - J.RDY/BSY 10 
ERAL 1 00 10XXXXX - IRDY/BSY 10 
WRITE 1 01 ASA5A4A3A2A1 AO D7-DO J_RDY/BSY 18 
WRAL 1 00 01XXXXX D7-DO J.RDY/BSY 18 
EWDS 1 00 ooxxxxx - Hjg_h-Z 10 

INSTRUCTION SET FOR 93LC56: ORG = 1 (x 16 organization) 
Instruction SB Opcode Address Data In Data Out Req. CLK Cycles 

READ 1 10 X AS A5 A4 A3 A2 A1 AO - D15- DO 27 
EWEN 1 00 1 1 x x x x x x - Hjg_h-Z 11 
ERASE 1 11 XASA5A4A3A2A1 AO - J_RDY/BS'Q_ 11 
ERAL 1 00 10XXXXXX - J_RDY/BS'Q.. 11 
WRITE 1 01 X AS A5 A4 A3 A2 A1 AO D15-DO IRDv1esn 27 
WRAL 1 00 01XXXXXX D15-DO IRDv1esn 27 • 
EWDS 1 00 ooxxxxxx - Hjg_h-Z 11 

INSTRUCTION SET FOR 93LC56: ORG = 0 (x 8 organization) 
Instruction SB O~ode Address Data In Data Out Req. CLK Cycles 

READ 1 10 X A7 AS A5 A4 A3 A2 A1 AO - D7-DO 20 
EWEN 1 00 1 1 x x x x x x x - Hig_h-Z 12 
ERASE 1 11 X A7 AS A5 A4 A3 A2 A1 AO - l_RDY/BSY 12 
ERAL 1 00 1 0 x x x x x x x - j_RDY/BS_.Y 12 
WRITE 1 01 XA7 ASA5A4A3A2A1 AO D7-DO IRDY/B~ 20 
WRAL 1 00 0 1 x x x x x x x D7-DO j_RDY/BSY 20 
EWDS 1 00 0 0 x x x x x x x - Hig_h-Z 12 

INSTRUCTION SET FOR 93LC66: ORG = 1(x16 organization) 
Instruction SB O_JJC:ode Address Data In Data Out R~CLK~cles 

READ 1 10 A7 AS A5 A4 A3 A2 A1 AO - D15- DO 27 
EWEN 1 00 1 1 x x x x x x - Hig_h-Z 11 
ERASE 1 11 A7 AS A5 A4 A3 A2 A1 AO - l_RDY/BSYJ_ 11 
ERAL 1 00 1 0 x x x x x x - j_RDY/BSYJ_ 11 
WRITE 1 01 A7 AS A5 A4 A3 A2 A1 AO D15- DO IRDYJBS'(l 27 
WRAL 1 00 01XXXXXX D15- DO l_RDY/BSYJ_ 27 
EWDS 1 00 ooxxxxxx - Hig_h-Z 11 

INSTRUCTION SET FOR 93LC66: ORG = 0 (x 8 organization) 
Instruction SB Opcode Address Data In Data Out Req. CLK~cles 

READ 1 10 A8A7 ASA5A4A3A2A1 ACI - D7-DO 20 
EWEN 1 00 1 1 x x x x x x x - HJg!l-Z 12 
ERASE 1 11 A8A7ASA5A4A3A2A1 A] - IRDY/BS'Q_ 12 
ERAL 1 00 1 0 x x x x x x x - IRDY/BS:::y}_ 12 
WRITE 1 01 A8A7 ASA5A4A3A2A1 A..Qj D7-DO J.RDY/BS...Yl. 20 
WRAL 1 00 0 1 x x x x x x x D7-DO IRDY/BSyt 20 
EWDS 1 00 0 0 x x x x x x x - HJg!l-Z 12 

C 1994 Microchip Technology Inc. DS11168G-page 3 
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FUNCTIONAL DESCRIPTION 
When the ORG pin is connected to Vee, the (x16) 
organization is selected. When it is connected to ground, 
the (x8) organization is selected. Instructions, ad
dresses and write data are clocked into the DI pin on the 
rising edge of the clock {CU<). The DO pin is normally 
held in a high-Z state except when reading data from the 
device, or when checking the ready/busy status during 
a programming operation. The READY/BUSY status 
can be verified during an Erase/Write operation by 
polling the DO pin; DO low indicates that programming 
is still in progress, while DO high indicates the device is 
ready. The DO will enter the high-Z state on the falling 
edge of the CS. 

START Condition 

The START bit is detected by the device if CS and DI are 
both HIGH with respect to the positive edge of CLK for 
the first time. 

Before a START condition is detected, CS, CLK, and DI 
may change in any combination (except to that of a 
START condition), without resulting in any device opera
tion (READ, WRITE,. ERASE, EWEN, EWDS, ERAL, 
and WRAL). As soon as CS is HIGH, the device is no 
longer in the standby mode. 

An instruction following a START condition will only be 
executed if the required amount of opcode, address and 
data bits for any particular instruction is clocked in. 

After execution of an instruction (i.e., clock in or out of the 
last required address or data bit) CLK and DI become 
don't care bits until a new start condition is detected. 

l2!lDQ 
It is possible to connect the Data In and Data Out pins 
together. However, with this configuration it is possible 
for a 'bus conflict' to occur during the 'dummy zero' that 
precedes the READ operation, if AO is a logic HIGH 
level. Under such a condition the voltage level seen at 
Data Out is undefined and will depend upon the relative 
impedances of Data Out and the signal source driving 
AO. The higherthe current sourcing capability of AO, ihe 
higher the voltage at the Data Out pin. 

Data Protection 

During power-up, all programming modes of operation 
are inhibited until Vee has reached a level greater than 
1.4V. During power-down, the source data protection 
circuitry acts to inhibit all programming modes when Vee 
has fallen below 1.4V at nominal conditions. 

The EWEN and EWDS commands give additional pro
tection against accidentally programming during normal 
operation. 

After power-up, the device is automatically in the EWDS 
mode. Therefore, an EWEN instruction must be per
formed before any ERASE or WRITE instruction can be 
executed. 
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READ 
The READ instruction outputs the serial data of the 
addressed memory location on the DO pin. A dummy 
zero bit precedes the 16 bit (x16 organization) or 8 bit (x8 
organization) output string. The output data bits will 
toggle on the rising edge of the CLK and are stable after 
the specified time delay {TPD). Sequential read is 
possible when CS is held high. The memory data will 
automatically cycle to the next register and output se
quentially. 

ERASE/WRITE ENABLE AND 
DISABLE 
The 93LC46/56/66 powers up in the Erase/Write Dis
able (EWDS) state. All programming modes must be 
preceded by an Erase/Write Enable (EWEN) instruction. 
Once the EWEN instruction is executed, programming 
remains enabled until an EWDS instruction is executed 
or Vee is removed from the device. To protect against 
accidental data disturb, the EWDS instruction can be 
used to disable all Erase/Write functions and should 
follow all programming operations. Execution of a 
READ instruction is independent of both the EWEN and 
EWDS instructions. 

ERASE 
The ERASE instruction forces all data bits of the speci
fied address to the logical '1' state. CS is brought low 
following the loading of the last address bit. This falling 
edge of the CS pin initiates the self-timed programming 
cycle. 

The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TesL). DO at logical 'O' indicates that programming 
is still in progress. DO at logical •1 • indicates that the 
register at the specified address has been erased and 
the device is ready for another instruction. 

The ERASE cycle takes 4 ms per word {Typical). 

WRITE 
The WRITE instruction is followed by 16 bits (or by 8 bits) 
of data which are written into the specified address. 
After the last data bit is put on the DI pin, CS must be 
brought low before the next rising edge of the CLK clock. 
This falling edge of CS initiates the self-timed auto-erase 
and programming cycle. 
The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TesL). DO at logical •o• indicates that programming 
is still in progress. DO at logical '1' indicates that the 
register at the specified address has been written with 
the data specified and the device is ready for another 
instruction. 

The WRITE cycle takes 4 ms per word (Typical). 
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ERASE ALL 
The ERAL instruction will erase the entire memory array 
to the logical '1' state. The ERAL cycle is identical to the 
ERASE cycle exceptforthe different opcode. The ERAL 
cycle is completely self-timed and commences at the 
falling edge of the CS. Clocking of the CLK pin is not 
necessary after the device has entered the self clocking 
mode. The ERAL instruction is guaranteed at Vee= 
+4.5V to +6.0V. 

The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns low 
(TCSL). 

The ERAL cycle takes 15 ms maximum (8 ms typical). 

WRITE ALL 
The WRAL instruction will write the entire memory array 
with the data specified in the command. The WRAL 
cycle is completely self-timed and commences at the 
falling edge of the CS. Clocking of the CLK pin is not 
necessary after the device has entered the sett clocking 
mode. The WRAL command does include an automatic 
ERALcycle for the device. Therefore, the WRAL instruc
tion does not require an ERAL instruction but the chip 
must be in the EWEN status. The WRAL instruction is 
guaranteed at Vee= +4.5V to +6.0V. 

The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns low 
(TCSL). 

The WRAL cycle takes 30 ms maximum (16 ms typical). 

PIN DESCRIPTION 

Chip Select (CS) 

A HIGH level selects the device. A LOW level deselects 
the device and forces it into standby mode. However, a 
programming cycle which is already initiated and/or in 
progress will be completed, regardless of the CS input 
signal. If CS is brought LOW during a program cycle, the 
device will go into standby mode as soon as the program
ming cycle is completed. 

CS must be LOW for 250 ns minimum (TCSL) between 
consecutive instructions. If CS is LOW, the internal 
control logic is held in a RESET status. 

Serial Clock (CLK) 

The Serial Clock is used to synchronize the communica
tion between a master device and the 93LCXX. Opcode, 
address, and data bits are clocked in on the positive edge 
of CLK. Data bits are also clocked out on the positive 
edge of CLK. 

C 1994 Microchip Technology Inc. 
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CLK can be stopped anywhere in the transmission 
sequence (at HIGH or LOW level) and can be continued 
anytime with respect to clock HIGH time (TCKH) and 
clock LOW time (TCKL). This gives the controlling 
master freedom in preparing opcode, address, and 
data. 

CLK is a 'Don't Care' if CS is LOW (device deselected). 
If CS is HIGH, but START condition has not been 
detected, any number of clock cycles can be received by 
the device without changing its status (i.e., waiting for 
START condition). 

CLKcycles are not required during the sett-timed WRITE 
(i.e., auto ERASE/WRITE) cycle. 

After detection of a start condition the specified number 
of clock cycles (respectively LOW to HIGH transitions of 
CLK) must be provided. These clock cycles are required 
to clock in all required opcode, address, and data bits 
before an instruction is executed (see instruction set 
truth table). CLK and DI then become don't care inputs 
waiting for a new start condition to be detected. 

Note: CS must go LOW between consecutive instruc
tions. 

Data In (Pl) 

Data In is used to clock in a START bit, opcode, address, 
and data synchronously with the CLK input. 

Data Out (DO) 

Data Out is used in the READ mode to output data 
synchronously with the CLK input (TPD after the positive 
edge of CLK). 

This pin also provides READY/BUSY status information 
during ERASE and WRITE cycles. READY/BUSY sta
tus information is available on the DO pin if CS is brought 
HIGH after being LOW for minimum chip select LOW 
time (TcsL) and an ERASE or WRITE operation has 
been initiated. 

Organization (ORG) 

When ORG is connected to Vee or floated, the (x16) 
memory organization is selected. When ORG is tied to 
Vss, the (x8) memory organization is selected. ORG 
can only be floated for clock speeds of 1 MHz or less for 
the (X16) memory organization. For clock speeds 
greater than 1 MHz, ORG must be tied to Vee or Vss. 
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TIMING DIAGRAMS 

SYNCHRONOUS DATA TIMING 

VIH 

cs 
VL Tess Ta<tt 

VIH 

CU< 
VL------< 

V1H 

DI 
VL 

i----1TFD 
Tcz 

DO VOH--1-------,1 

(READ) VOL 

DO VOH 
(PROGRAM) VOL-------'<,,_ _________ s_T_A_Tu_s_v_AL_l_D __________ J 

• The memory automatically cycles to the next register. 

READ 
,.---------l'>----------1~-------1~------1r---,.TCS1. 

cs 

CUC 

DI 

DO-------'TR"""-'~ST~A~TE"'=--------,. 

Tri-state is a trademark of National Semiconductor. 

EWEN cs__/ 

Cl.K 

DI 0 0 

EWDS cs__/ 

CUC 

DI ~~o __ o __ o __ o~~-x~ ::: ~-x--''----------~ 
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TIMING DIAGRAMS (Cont.) 

WRITE 
cs Tes. STANDBY 

CU< 

DI 

THI-STATE « \ 1iiiSY J1 oo~~~~~-""-=..c~~~~~-,\}-~~~~~-llu'--~-!-~~~I READY 

Tw;: 

'-- THl_STATE 

WRAL 
cs Teo. STANDBY 

CU< 

DI • 
Guarantee at Vee = +4.SV to +6.0V 

ERASE 
cs 

CU< 

DI 

ERAL 
cs STANDBY 

CU< 

DI 

Guarantee at Vee = +4.SV to +6.0V 
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SALES AND SUPPORT 
To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 

PART NUMBERS 

PACKAGE: p 
SN 
SM 
SL 

PLASTIC DIP 
PLASTIC SOIC (150 mil Body) 8·Lead 
PLASTIC SOIC (207 mil Body) 8·Lead 
PLASTIC SOIC (150 mil Body) 14-Lead 

o·cto+1o·c 
-4o·c to +as·c I TEMPERATURE Blank 

RANGE: I 

DEVICE TYPE: Configuration 

CMOS Serial EEPROM 93LC468/568/66B 
CMOS Serial EEPROM 93LC56X/66X 
In Alternate Pinouts_lSN..£159: o~ 
CMOS Serial EEPROM 93LC46T/56T/66T 
In Tape & Reel 
CMOS Serial EEPROM 93LC56XT/66XT 
In Tape & Reel 
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MICROCHIP 93LC46B/56B/66B 
1K/2K/4K 2.0V CMOS Serial EEPROM 

FEATURES 

• Single supply with programming operation down to 
2.0V (Commercial only) 

• Low power CMOS technology 
- 1 mA active current typical 
- 5 µA standby current (typical) at 3.0V 

• x16 bit organization 
• 64x16 (93LC46B) 
• 128x16 (93LC56B) 
• 256x16 (93LC66B) 
• Self-timed ERASE and WRITE cycles 

(including auto-erase) 
• Automatic ERAL before WRAL 
• Power on/off data protection circuitry 
• Industry standard 3-wire serial VO 
• Device status signal during ERASE/WRITE cycles 
• Sequential READ function 
• 1,000,000 ERASE/WRITE cycles (typical) 
• Data retention > 40 years 
• 8-pin PDIP/SOIC and 14-pin SOIC package 

(SOIC in JEDEC and EIAJ standards) 
• Available for extended temperature ranges: 

Commercial: o·c to +70"C 
- Industrial: -40"C to +85"C 

PIN CONFIGURATION 

DIP Package 

~o- ~o-CU< 2 7 NU CU<_2 7 NU 

DI 3 8 NC DI 3 8 NC 

004 5Vss DO 4 5 Vss 

93LC46B 93LC46B 
93LC56B 93LC56B 
93LC66B 93LC66B 

0 1994 MicRJChip Technology Inc. 
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DESCRIPTION 

The Microchip Technology Inc. 93LC46B/56B/66B are 
1 K, 2K and 4K low voltage serial Electrically Erasable 
PROMs. The device memory is configured as x16. 
Advanced CMOS technology makes these devices ideal 
for low power non-volatile memory applications. The 
93LC Series is available in standard 8-pin DIP and 8/14-
pin surface mount SOIC packages. 

BLOCK DIAGRAM 

a 

CL.IC 

Vee Vss 

MEMORY 
ARRAY 

CLOCK 
GENERATOR 

SOIC Packages 

~o~ vm2 7vss 

CS 3 8 DO 

CU< 4 5 DI 

93LC46BX 
93LC56BX 
93LC66BX 

AOORESS 
DECODER 

AOORESS 
COUNTER 

1-----+-i ~= 

NC 

cs 

CU< 

NC 11 

DI 

DO 

NC 

93LC56B 
93LC66B 

DO 

NC 

Vee 

NU 

NC 

NC 

Vss 

NC 
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ELECTRICAL CHARACTERISTICS PIN FUNCTION TABLE 

Maximum Ratings* Name Function 
Vcc ............................................................................................ 7.0V 
All inputs and outputs w.r.t. Vss .... -0.6V to Vee+ 1.0V cs Chip Select 
Storage temperature ....................... -65'C to +150'C CLK Serial Data Clock 
Ambient temp. with power applied ..... -65'C to + 125'C DI Serial Data Input 
Soldering temperature of leads (10 seconds) .. +300'C DO Serial Data Output 
ESD protection on all pins .................................... 4 kV Vss Ground 
'Notice: Stresses above those listed under "Maximum ratings" m~ NC No Connect cause permanent damage to the device. This is a stress rating on~ 

NU Not Utilized ll',.,~0i~igg:1ti~~ "6~:i~i:,:lt1~r~C: gi'Yll"~~~~d:~g~Ts no~ 
implied. ~sure to maximum rating conctttions for extencted periods Vee Power Supply 
may affect evice reliabiltty. 

DC AND AC ELECTRICAL Commercial Vee= +2.0V to +6.0V (C): Tamb = O'Cto+70'C 
CHARACTERISTICS Industrial Vee = +2.5V to +6.0V (I) : Tamb = -40'C to +85'C 

Parameter Symbol Min Max 
High level input voltage VIH1 2.0 Vcc+1 

VIH2 0.7Vcc Vcc+1 

Low level input voltage V1L1 -0.3 0.8 

V1L2 -0.3 0.2Vcc 

Low level output voltage VOL1 - 0.4 

VOL2 - 0.2 

High level output voltage VOH1 2.4 -
VOH2 Vcc-0.2 -

Input leakage current lu -10 10 

Output leakage current ILO -10 10 
Internal capacitance Ci NT - 7 

(all inputs/outputs) 

Operating current Ice write - 3 

Ice read - 1 

500 

Standby current Ices - 100 

30 
Endurance - 100,000 

Clock frequency FCLK - 2 

1 

Clock high time TCKH 250 -
Clock low time TCKL 250 -
Chip select setup time Tess 50 -
Chip select hold time TCSH 0 -
Chip select low time TCSL 250 -
Data input setup time TDIS 100 -
Data input hold time TOIH 100 -
Data output delay time TPD - 400 

Data output disable time Tcz - 100 

Status valid time Tsv - 500 

Program cycle time Twc - 10 

TEC - 15 

TWL - 30 

Note 1: This parameter is tested at Tamb = 25'C and FCLK = 1 MHz. 
Note 2: Typical program cycle time is 4 ms per word. 
Note 3: This parameter is periodically sampled and not 100% tested. 
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Units Conditions 

v Voo~2.5V 

v VDD<2.5V 

v Voo~2.5V 

v VDD< 2.5V 

v IOL= 2.1 mA· Vee= 4.5V 

v IOL =100 µA; Vee= Vee Min. 

v IOH = -400 µA; Vee = 4.5V 

v loH = -100 µA; Vee =Vee Min. 

µA VIN= 0.1V to Vee 

µA VOUT= 0.1V to Vee 

pF ViNNOUT = 0 v (Note 1 & 3) 

Tamb = +25'C, FCLK = 1 MHz 

mA FCLK = 2 MHz; Vee= 6.0V (Note 3) 

mA FCLK = 2 MHz; Vee= 6.0V 

µA FCLK = 1 MHz; Vee = 3.0V 

µA CLK = cs = OV; Vee = 6.0V 

µA CLK = cs = OV; Vee = 3.0V 

EN/~les 1,000,000 ENI ¥1es.!}'E!cal 

MHz Vcc~4.5V 

MHz VCC<4.5V 

ns 

ns 

ns Relative to CLK 

ns Relative to CLK 

ns 

ns Relative to CLK 

ns Relative to CLK 

ns CL= 100 pF 

ns CL = 1 OOpF j_Note ~ 

ns CL= 100 pF 

ms ERASEN/RITE mode (Note 2) 

ms ERALmode 

ms WRALmode 
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INSTRUCTION SET FOR 93LC46B 

Instruction SB Opcode Address Data In Data Out Req. CLK ~cles 

READ 1 10 AS A4 A3 A2 A 1 AO - D1S- DO 2S 
EWEN 1 00 1 1 x x x x - Hig_h-Z 9 
ERASE 1 11 ASA4A3A2A1 AO - _JRDY/BSYl 9 
ERAL 1 00 10XXXX - _{_RDY/BS'Q: 9 
WRITE 1 01 AS A4 A3 A2 A 1 AO D1S - DO _{_RDY/BSYl 2S 
WRAL 1 00 0 1 x x x x D1S - DO lRDY/BSY} 2S 
EWDS 1 00 ooxxxx - Hig_h-Z 9 

INSTRUCTION SET FOR 93LC56B 

Instruction SB O_.e._code Address Data In Data Out R~ CLK C_ycles 

READ 1 10 XA6ASA4A3A2A1 AO - D1S - DO 27 
EWEN 1 00 1 1 x x x x x x - Hig_h-Z 11 
ERASE 1 11 X A6 AS A4 A3 A2 A1 AO - J_RDY/BS'(} 11 
ERAL 1 00 10XXXXXX - _{_RDY/BSYl 11 
WRITE 1 01 XA6ASA4A3A2A1 AO D1S - DO lRDY/BSY} 27 
WRAL 1 00 01XXXXXX D1S - DO JRDY/BSYl 27 
EWDS 1 00 ooxxxxxx - Hig_h-Z 11 

INSTRUCTION SET FOR 93LC66B • Instruction SB Opcode Address Data In Data Out R1!9: CLK ~les 

READ 1 i.Q: A7~&A4A3A2A1 ~ - D1S- ®- ~ 
EWEN 1 00 1 1 x x x x x x - HJgti-Z 11 
ERASE 1 11 A7 A6ASA4A3A2A1 AO - lRDY/BS-0:: 11 
ERAL 1 00 10XXXXXX - J_RDY/BS'O_ 11 
WRITE 1 01 A7A6ASA4A3A2A1 AO D1S-DO (RDY/BS'(}_ 27 
WRAL 1 00 01XXXXXX D1S - DO __{_RDY/BS'O_ 27 
EWDS 1 00 ooxxxxxx - H_ig_h-Z 11 
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93LC46B/56B/66B 

FUNCTIONAL DESCRIPTION 
Instructions, addresses and write data are clocked into 
the DI pin on the rising edge of the clock (CLK). The DO 
pin is normally held in a high-Z state except when 
reading data from the device, or when checking the 
ready/busy status during a programming operation. The 
ready/busy status can be verified during an EraseJWrite 
operation by polling the DO pin; DO low indicates that 
programming is still in progress, while DO high indicates 
the device is ready. The DO will enter the high-Z state 
on the falling edge of the CS. 

START Condjtjon 

The START bit is detected by the device If CS and DI are 
both HIGH with respect to the positive edge of CLK for 
the first time. 

Before a START condition is detected, CS, CLK, and DI 
may change in any combination (except to that of a 
ST ART condition), without resulting in any device opera
tion (READ, WRITE, ERASE, EWEN, EWDS, ERAL, 
and WRAL). As soon as CS is HIGH, the device is no 
longer in the standby mode. 

An instruction following a START condition will only be 
executed if the required amount of opcode, address and 
data bits for any particular instruction is clocked in. 

Alter execution of an instruction (i.e., clock in or out of the 
last required address or data bit) CLK and DI become 
don't care bits until a new start condition is detected. 

.l2!lQQ 
It is possible to connect the Data In and Data Out pins 
together. However, with this configuration it is possible 
for a "bus conflict" to occur during the 'dummy zero' that 
precedes the READ operation, if AO is a logic HIGH 
level. Under such a condition the voltage level seen at 
Data Out is undefined and will depend upon the relative 
impedances of Data Out and the signal source driving 
AO. The higher the current sourcing capability of AO, the 
higher the voltage at the Data Out pin. 

Data Protection 

During power-up, all programming modes of operation 
are inhibited until Vee has reached a level greater than 
1.4V. During power-down, the source data protection 
circuitry acts to inhibit all programming modes when Vee 
has fallen below 1.4V at nominal conditions. 

The EWEN and EWDS commands give additional pro
tection against accidentally programming during normal 
operation. 

After power-up, the device is automatically in the EWDS 
mode. Therefore, an EWEN instruction must be per
formed before any ERASE or WRITE instruction can be 
executed. 
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READ 
The READ instruction outputs the serial data of the 
addressed memory location on the DO pin. A dummy 
zero bit precedes the 16 bit (x16 organization) output 
string. The output data bits will toggle on the rising edge 
of the CLK and are stable after the specified time delay 
(TPo). Sequential read is possible when CS is held high. 
The memory data will automatically cycle to the next 
register and output sequentially. 

ERASE/WRITE ENABLE AND 
DISABLE 
The 93LC46B/56B/66B powers up in the EraseJWrite 
Disable (EWDS) state. All programming modes must be 
preceded by an Erase/Write Enable (EWEN) instruction. 
Once the EWEN instruction is executed, programming 
remains enabled until an EWDS instruction is executed 
or Vee is removed from the device. To protect against 
accidental data disturb, the EWDS instruction can be 
used to disable all EraseJWrite functions and should 
follow all programming operations. Execution of a 
READ instruction is independent of both the EWEN and 
EWDS instructions. 

ERASE 
The ERASE instruction forces all data bits of the speci
fied address to the logical •1 • state. CS is brought low 
following the loading of the last address bit. This falling 
edge of the CS pin initiates the self-timed programming 
cycle . 

The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TcsL). DO at logical •o• indicates that programming 
is still in progress. DO at logical '1' indicates that the 
register at the specified address has been erased and 
the device is ready for another instruction. 

The ERASE cycle takes 4 ms per word (Typical). 

WRITE 
The WRITE instruction is followed by 16 bits of data 
which are written into the specified address. After the 
last data bit is put on the DI pin, CS must be brought low 
before the next rising edge of the CLK clock. This falling 
edge of CS initiates the self-timed auto-erase and pro
gramming cycle. 
The DO pin indicates the READY/BUSY status of the 
device If CS is brought high after a minimum of 250 ns 
low (TCSL). DO at logical •o• indicates that programming 
is still in progress. DO at logical '1' indicates that the 
register at the specified address has been written with 
the data specified and the device is ready for another 
instruction. 

The WRITE cycle takes 4 ms per word (Typical). 
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ERASE ALL 
The ERAL instruction will erase the entire memory array 
to the logical '1' state. The ERAL cycle is identical to the 
ERASE cycle except for the different opcode. The ERAL 
cycle is completely self-timed and commences at the 
falling edge of the CS. Clocking of the CLK pin is not 
necessary after the device has entered the self clocking 
mode. The ERAL instruction is guaranteed at Vee = 
+4.5V to +6.0V. 

The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns low 
(TeSL). 

The ERAL cycle takes 15 ms maximum (8 ms typical). 

WRITE ALL 
The WRAL instruction will write the entire memory array 
with the data specified in the command. The WRAL 
cycle is completely self-timed and commences at the 
falling edge of the CS. Clocking of the CLK pin is not 
necessary after the device has entered the self clocking 
mode. The WRAL command does include an automatic 
ERALcycleforthe device. Therefore, the WRAL instruc
tion does not require an ERAL instruction but the chip 
must be in the EWEN status. The WRAL instruction is 
guaranteed at Vee = +4.5V to +6.0V. 

The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns low 
(TeSL). 

The WRAL cycle takes 30 ms maximum (16 ms typical). 

PIN DESCRIPTION 

Chip Select (CS) 

A HIGH level selects the device. A LOW level deselects 
the device and forces it into standby mode. However, a 
programming cycle which is already initiated and/or in 
progress will be completed, regardless of the CS input 
signal. If CS is brought LOW during a program cycle, the 
device will go into standby mode as soon as the program
ming cycle is completed. 

CS must be LOW for 250 ns minimum (TesL) between 
consecutive instructions. If CS is LOW, the internal 
control logic is held in a RESET status. 

Serial Clock (CLK) 

The Serial Clock is used to synchronize the communica
tion between a master device andthe 93LCXXB. Opcode, 
address, and data bits are clocked in on the positive edge 
of CLK. Data bits are also clocked out on the positive 
edge of CLK. 
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CLK can be stopped anywhere in the transmission 
sequence (at HIGH or LOW level) and can be continued 
anytime with respect to clock HIGH time (TeKH) and 
clock LOW time (TeKL). This gives the controlling 
master freedom in preparing opcode, address, and 
data. 

CLK is a 'Don't Care' if CS is LOW (device deselected). 
If CS is HIGH, but START condition has not been 
detected, any number of clock cycles can be received by 
the device without changing its status (i.e., waiting for 
START condition). 

CLK cycles are not required during the self-timed WRITE 
(i.e., auto ERASE/WRITE) cycle. 

After detection of a start condition the specified number 
ofclock cycles (respectively LOW to HIGH transitions of 
CLK) must be provided. These clock cycles are required 
to clock in all required opcode, address, and data bits 
before an instruction is executed (see instruction set 
truth table). CLK and DI then become don't care inputs 
waiting for a new start condition to be detected. 

Note: CS must go LOW between consecutive instruc
tions. 

Data In (DI) 

Data In is used to clock in a START bit, opcode, address, 
and data synchronously with the CLK input. 

Data Out (DO) 

Data Out is used in the READ mode to output data 
synchronously with the CLK input (TPD after the positive 
edge of CLK). 

This pin also provides READY /BUSY status information 
during ERASE and WRITE cycles. READY/BUSY sta
tus information is available on the DO pin if CS is brought 
HIGH after being LOW for minimum chip select LOW 
time (TesL) and an ERASE or WRITE operation has 
been initiated. 
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93LC46B/56B/66B 

TIMING DIAGRAMS 

SYNCHRONOUS DATA TIMING 
VIH 

cs 
VIL Tess TCl<H TCl<l. 

VIH 
CLK 

DI 

DO VOH--1-------,1 

(READ) Va. 

DO VOH 
(PROGRAM) Va. -----{'-_________ s_TA_TU_s_v_A_L_10 __________ _; 

• The memory automatically cycles to the next register. 

READ 

cs__j 

CLK 

DI 

l'l 

OO _____ TR_l-'·S_TA_TE_"'------~ 

Tri-State is a trademark of National Semiconductor. 

EWEN cs 

CLK 

DI 0 0 

EWDS cs__/ 

CLK 

DI 0 0 
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TIMING DIAGRAMS (Cont.) 

WRITE cs Tes. 

CU< 

DI 

~ SJ READY \_ 

Tue 

WRAL 
cs__/ 

Sf \:Y \_ 

CU< 

DI • 
ERASE 

ERAL cs 

CU< 

DI 

ml-STATE 

Guarantee at Vee = +4.SV to +6.0V 
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93LC46B/56B/66B 

SALES AND SUPPORT 
To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 

PART NUMBERS 

PACKAGE: p 
SN 
SM 
SL 

TEMPERATURE Blank 
RANGE: I 

~------1.J DEVICE TYPE: 

PLASTIC DIP 
PLASTIC SOIC (150 mil Body! 8-Lead 
PLASTIC SOIC 207 mil Body 8-Lead 
PLASTIC SOIC !1so mil Body 14-Lead (93LC56B/93LC66B) 

O"Cto+70"C 
-40°C to +85"C 

Configuration 

CMOS Serial EEPROM 93LC46B/56B/66B 
CMOS Serial EEPROM 93LC46BX/56BX/66BX 
In Alternate Pinouts_J_SN_!11<g. only}_ 
CMOS Serial EEPROM 93LC46BT/56BT/66BT 
In Tape & Reel 
CMOS Serial EEPROM 93LC46BXT/56BXT/66BXT 
In Tape & Reel 
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MICROCHIP 93AA46/56/66 
1K/2K/4K l.SV CMOS Serial EEPROM 

FEATURES 
• Single supply with programming operation down to 

1.8V 
• Low power CMOS technology 

- 70 µA typical active READ current at 1.8V 
- 2 µA typical standby current at 1.8V 

• ORG pin selectable memory configuration 
128 x 8 or 64 x 16 bit organization (93AA46) 
256 x 8 or 128 x 16 bit organization (93AA56) 
512 x 8 or 256 x 16 bit organization (93AA66) 

• Self-timed ERASE and WRITE cycles 
(including auto-erase) 

• Automatic ERAL before WRAL 
• Power on/off data protection circuitry 
• Industry standard 3-wire serial 1/0 
• Device status signal during ERASE/WRITE cycles 
• Sequential READ function 
• 1,000,000 ERASE/WRITE cycles (typical) 
• Data retention > 40 years 
• 8-pin PDIP/SOIC 

(SOIC in JEDEC and EIAJ standards) 

PIN CONFIGURATIONS 

DIP Package 

DESCRIPTION 

The Microchip Technology Inc. 93AA46/56/66 are 1 K, 
2K and 4K low voltage serial Electrically Erasable 
PROMs. The device memory is configured as x8 or x16 
bits depending on the ORG pin setup. Advanced CMOS 
technology makes these devices ideal for low power 
non-volatile memory applications. The 93AA Series is 
available in standard 8-pin DIP and surface mount SOIC 
packages. The rotated pin-out 93AA46X/56X/66X are 
offered in the "SN' package only. 

BLOCK DIAGRAM 

DI 

CU< 

Vee Vss 

MEMORY 
ARRAY 

CLOCK 
GENERATOR 

SOIC Packages 

ADDRESS 
DECODER 

ADDRESS 
COUNTER 

OUTPUT 
BUFFER DO 

CSOS Vee 
CU< 2 7 NU 

013 60RG 

DO 4 5 Vss 

CS08 Vex; 
CLK2 7NU 
OJ3 BORG 

DO 4 5 Vss 

NUOS OAG 
Vee 2 7 Vss CS 3 6 DO 

CLK4 501 

93AA46 
93AA56 
93AA66 

@ 1994 Microchip Technology Inc. 
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93AA46/56/66 

ELECTRICAL CHARACTERISTICS PIN FUNCTION TABLE 

Maximum Ratings* Name Function 
vee ............................................................................................ 7.0V 
All inputs and outputs w.r.t. Vss .•.• -0.6V to Vee+ 1.0V cs Chip Select 
Storage temperature •........•............. -65°C to +150"C CLK Serial Data Clock 
Ambient temp. with power applied ..... -65"C to +125"C DI Serial Data Input 
Soldering temperature of leads (10 seconds) .. +300"C DO Serial Data Output 
ESD protection on all pins ..............................•..... 4 kV Vss Ground 
"Notice: Stresses above those listed under "Maximum ratings" max ORG Memory Configuration cause permanent damage to the device. This is a stress rating onl~na 
ll',g~0i~igg~~gntg~t~~:~'!i"n:l'1~s~r ~Yri1~~~~~~g~~~s ~~ NU Not Utilized 
:;:r;i~.J"fe'v"~~eri.Y;!l:lf"~".'um rating conditions for extended periods Vee Power Supply 

DC AND AC ELECTRICAL CHARACTERISTICS Vee= +1.8V to +5.5V 
Commercial (C): Tamb= O"Cto+70"C 

Parameter Symbol Min Typ Max Units Conditions 

High level input voltage VIH1 2.0 - Vcc+1 v VDD?.2.5V 

VIH2 0.7Vcc - Vcc+1 v VDD<2.5V 

Low level input voltage V1u -0.3 - 0.8 v VDD?.2.5V 

VIL2 -0.3 - 0.2Vcc v VDD<2.5V 

Low level output voltage Vou - - 0.4 v IOL =2.1 mA; Vee = 4.5V 

VOL2 - - 0.2 v IOL =100µA; Vee= 1.8V 

High level output voltage VOH1 2.4 - - v IOH = -400 µA; Vee = 4.5V 

VOH2 Vcc-0.2 - - v IOH = -100 µA; Vee= 1.8V 

input leakage current ILi -10 - 10 µA VIN= 0.1V to Vee 

Output leakage current ILO -10 - 10 µA VOUT = 0.1V to Vee 

Internal capacitance CINT - - 7 pF VINNOUT = ov (Note 1 & 2) 

(all inputs/outputs) Tamb = +25"C, FCLK = 1 MHz 

Operating current Ice write - - 3 mA FCLK = 2 MHz; Vee = 5.5V (Note 2) 

Ice read - - 1 mA FCLK = 2 MHz; Vee = 5.5V 
500 µA FCLK = 1 MHz; Vee = 3.0V 

70 µA FCLK = 1 MHz; Vee = 1.8V 
Standby current Ices 100 µA CLK = cs= OV; Vee = 5.5V 

30 µA CLK = cs = OV; Vee = 3.0V 
2 µA CLK =cs= OV; Vee= 1.8V 

Endurance - 100,000 1,000,000 E/INCycles 
Clock frequency FCLK MHz Vee?. 4.5V 

2 MHz VCC<4.5V 
Clock high time TCKH 250 1 ns 
Clock low time TCKL 250 ns 
Chip select setup time Tess 50 ns Relative to CLK 
Chip select hold time TCSH 0 ns Relative to CLK 
Chip select low time TCSL 250 ns 
Data input setup time TDIS 100 ns Relative to CLK 
Data input hold time TDIH 100 ns Relative to CLK 
Data output delay time TPD 400 ns CL= 100 pF 
Data output disable time Tcz 100 ns CL = 100 pF (Note 2) 
Status valid time Tsv 500 ns CL=100pF 
Program cycle time Twc 4 10 ms ERASE/INRITE mode 

TEC 8 15 ms ERAL modelVcc = SV ± 10%1 
TWL 16 30 ms WRAL modeJ.Vcc = 5V ± 10°/~ 

Note 1: This parameter is tested at Tamb = 25"C and FCLK = 1 MHz. 
Note 2: This parameter is periodically sampled and not 100% tested. 
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INSTRUCTION SET FOR 93AA46: ORG = 1(x16 organization) 
Instruction SB Opcode Address Data In Data Out Req. CLK ~les 

READ 1 10 A5 A4 A3 A2 A 1 AO - D15- DO 25 
EWEN 1 00 1 1 x x x x - Hig_h-Z 9 
ERASE 1 11 A5 A4 A3 A2 A 1 AO - J_RDY/BSY) 9 
ERAL 1 00 1 0 x x x x - _{_RDY/BS'Q_ 9 
WRITE 1 01 A5 A4 A3 A2 A 1 AO D15- DO _{_RDY/BS'Q_ 25 
WRAL 1 00 01XXXX D15 - DO _{_ADY /BS'Q 25 
EWDS 1 00 ooxxxx - Hig_h-Z 9 

INSTRUCTION SET FOR 93AA46: ORG = 0 (x 8 organization) 
Instruction SB Opcode Address Data In Data Out Req. CLK Cycles 

READ 1 10 A6 A5 A4 A3 A2 A 1 AO - D7-DO 18 
EWEN 1 00 1 1 x x x x x - Hig_h-Z 10 
ERASE 1 11 A6 A5 A4 A3 A2 Al AO - J_RDY/BS'Q_ 10 
ERAL 1 00 10XXXXX - ]RDY/BSYl 10 
WRITE 1 01 A6 A5 A4 A3 A2 Al AO D7-DO _{_RDY/BSYl 18 
WRAL 1 00 0 1 x x x x x D7-DO _{_RDY/BS'Q_ 18 
EWDS 1 00 ooxxxxx - Hig_h-Z 10 

INSTRUCTION SET FOR 93AA56: ORG = 1(x16 organization) 
Instruction SB ~code Address Data In Data Out R~CLK~cles 

READ 1 10 X A6 A5 A4 A3 A2 A 1 AO - D15-DO 27 
EWEN 1 00 1 1 x x x x x x - Hig_h-Z 11 
ERASE 1 11 X A6 A5 A4 A3 A2 Al AO - J_RDY/BSYl_ 11 
ERAL 1 00 10XXXXXX - _{_ADY /BS'O_ 11 
WRITE 1 01 X A6 A5 A4 A3 A2 Al AO D15 - DO ]RDY/BS'Q 27 • WRAL 1 00 0 1 x x x x x x D15 - DO _(_RDY/BSYl_ 27 
EWDS 1 00 ooxxxxxx - Hig_h-Z 11 

INSTRUCTION SET FOR 93AA56: ORG = 0 (x 8 organization) 
Instruction SB Opcode Address Data In Data Out Req. CLK Cycles 

READ 1 10 X A7 A6 A5 A4 A3A2A1 AO - D7-DO 20 
EWEN 1 00 1 1 x x x x x x x - Hig_h-Z 12 
ERASE 1 11 X A7 A6 A5A4A3A2A1 AO - _{_RDY/BS'O_ 12 
ERAL 1 00 1 0 x x x x x x x - ]RDY/BS'Q 12 
WRITE 1 01 X A7 A6 A5A4A3A2A1 AO D7-DO J_RDY/BSYl 20 
WRAL 1 00 0 1 x x x x x x x D7-DO _{_RDY/BS'i1_ 20 
EWDS 1 00 0 0 x x x x x x x - Hig_h-Z 12 

INSTRUCTION SET FOR 93AA66: ORG = 1(x16 organization) 
Instruction SB O~ode Address Data In Data Out R~ CLK C_y_cles 

READ 1 10 A7A6A5A4A3A2A1 AO - D15- DO 27 
EWEN 1 00 1 1 x x x x x x - H_jg!J-Z 11 
ERASE 1 11 A7A6A5A4A3A2A1 AO - J_RDY/BSYl_ 11 
ERAL 1 00 10XXXXXX - _{_RDY/BS'O_ 11 
WRITE 1 01 A7A6A5A4A3A2A1 AO D15- DO ]RDY/BSYl_ 27 
WRAL 1 00 01XXXXXX D15- DO {RDY/BSY) 27 
EWDS 1 00 ooxxxxxx - H_ig_h-Z 11 

INSTRUCTION SET FOR 93AA66: ORG = 0 (x 8 organization) 
Instruction SB Opcode Address Data In Data Out Req. CLK Cycles 

READ 1 10 A8A7A6A5A4A3A2A1 ~ - D7-DO 20 
EWEN 1 00 1 1 x x x x x x x - H_ig_h-Z 12 
ERASE 1 11 A8A7 A6 A5 A4 A3 A2 Al~ - ]RDY/BS'Q 12 
ERAL 1 00 1 0 x x x x x x x - ]RDY/BS'Q 12 
WRITE 1 01 A8A7A6A5A4A3A2A1 ~ D7-DO j_RDY/BS'Q_ 20 
WRAL 1 00 0 1 x x x x x x x D7-DO _(RDY/BS'Q_ 20 
EWDS 1 00 0 0 x x x x x x x - H_ig_h-Z 12 
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FUNCTIONAL DESCRIPTION 
When the ORG pin is connected to Vee, the (x16) 
organization is selected. When it is connected to ground, 
the (xB) organization is selected. Instructions, ad
dresses and write data are clocked into the DI pin on the 
rising edge of the clock (CLK). The DO pin is normally 
held in a high-Z state except when reading data from the 
device, or when checking the READY/BUSY status 
during a programming operation. The ready/busy status 
can be verified during an Erase/Write operation by 
polling the DO pin; DO low indicates that programming 
is still in progress, while DO high indicates the device is 
ready. The DO will enter the high-Z state on the falling 
edge of the CS. 

START Condition 

The START bit is detected by the device if CS and DI are 
both HIGH with respect to the positive edge of CLK for 
the first time. 

Before a START condition is detected, CS, CLK, and DI 
may change in any combination (except to that of a 
START condition), without resulting in any device opera
tion (READ, WRITE, ERASE, EWEN, EWDS, ERAL, 
and WRAL). As soon as CS is HIGH, the device is no 
longer in the standby mode. 

An instruction following a START condition will only be 
executed if the required amount of opcode, address and 
data bits for any particular instruction is clocked in. 

After execution of an instruction (i.e., clock in or out of the 
last required address or data bit) CLK and DI become 
don't care bits until a new start condition is detected. 

DI/DO 

It is possible to connect the Data In and Data Out pins 
together. However, with this configuration it is possible 
for a 'bus conflict' to occur during the 'dummy zero" that 
precedes the READ operation, if AO is a logic HIGH 
level. Under such a condition the voltage level seen at 
Data Out is undefined and will depend upon the relative 
impedances of Data Out and the signal source driving 
AO. The higher the current sourcing capability of AO, the 
higher the voltage at the Data Out pin. 

Data Protection 

During power-up, all programming modes of operation 
are inhibited until Vee has reached a level greater than 
1.4V. During power-down, the source data protection 
circuitry acts to inhibit all programming modes when Vee 
has fallen below 1.4V at nominal conditions. 

The EWEN and EWDS commands give additional pro
tection against accidentally programming during normal 
operation. 

After power-up, the device is automatically in the EWDS 
mode. Therefore, an EWEN instruction must be per
formed before any ERASE or WRITE instruction can be 
executed. 
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READ 
The READ instruction outputs the serial data of the 
addressed memory location on the DO pin. A dummy 
zero bit precedes the 16 bit (x16 organization) or 8 bit (x8 
organization) output string. The output data bits will 
toggle on the rising edge of the CLK and are stable after 
the specified time delay (TPo). Sequential read is 
possible when CS is held high. The memory data will 
automatically cycle to the next register and output se
quentially. 

ERASE/WRITE ENABLE AND 
DISABLE 
The 93AA46/56/66 power up in the Erase/Write Dis
able (EWDS) state. All programming modes must be 
preceded by an Erase/Write Enable (EWEN) instruc
tion. Once the EWEN instruction is executed, program
ming remains enabled until an EWDS instruction is 
executed or Vee is removed from the device. To protect 
against accidental data disturb, the EWDS instruction 
can be used to disable all Erase/Write functions and 
should follow all programming operations. Execution of 
a READ instruction is independent of both the EWEN 
and EWDS instructions. 

ERASE 
The ERASE instruction forces all data bits of the speci
fied address to the logical '1" state. CS is brought low 
following the loading of the last address bit. This falling 
edge of the CS pin initiates the self-timed programming 
cycle. 

The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TesL). DO at logical 'O' indicates that programming 
is still in progress. DO at logical "1" indicates that the 
register at the specified address has been erased and 
the device is ready for another instruction. 

The ERASE cycle takes 4 ms per word typical. 

WRITE 
The WRITE instruction is followed by 16 bits (or by 8 bits) 
of data which are written into the specified address. 
After the last data bit is put on the DI pin, CS must be 
brought low before the next rising edge of the CLK clock. 
This falling edge of CS initiates the self-timed auto-erase 
and programming cycle. 
The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TesL). DO at logical 'O" indicates that programming 
is still in progress. DO at logical '1" indicates that the 
register at the specified address has been written with 
the data specified and the device is ready for another 
instruction. 

The WRITE cycle takes 4 ms per word typical. 
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ERASE ALL 
The ERAL instruction will erase the entire memory array 
to the logical '1" state. The ERAL cycle is identical to the 
ERASE cycle exceptforthe different opcode. The ERAL 
cycle is completely self-timed and commences at the 
falling edge of the CS. Clocking of the CLK pin is not 
necessary after the device has entered the self clocking 
mode. The ERAL instruction is guaranteed at 5V ± 10%. 

The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns low 
(TesL). 

The ERAL cycle takes 8 ms typical. 

WRITE ALL 
The WRAL instruction will write the entire memory array 
with the data specified in the command. The WRAL 
cycle is completely self-timed and commences at the 
falling edge of the CS. Clocking of the CLK pin is not 
necessary after the device has entered the self clocking 
mode. The WRAL command does include an automatic 
ERALcycleforthedevice. Therefore, theWRALinstruc
tion does not require an ERAL instruction but the chip 
must be in the EWEN status. The WRAL instruction is 
guaranteed at 5V ± 10%. 

The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns low 
(TeSL). 

The WRAL cycle takes 16 ms typical. 

PIN DESCRIPTION 

Chip Select (CS) 

A HIGH level selects the device. A LOW level deselects 
the device and forces it into standby mode. However, a 
programming cycle which is already initiated and/or in 
progress will be completed, regardless of the CS input 
signal. If CS is brought LOW during a program cycle, the 
device will go into standby mode as soon as the program
ming cycle is completed. 

CS must be LOW for 250 ns minimum (TesL) between 
consecutive instructions. If CS is LOW, the internal 
control logic is held in a RESET status. 

Serial Clock (CLK) 

The Serial Clock is used to synchronize the communica
tion between a master device and the 93AAXX. Opcode, 
address, and data bits are clocked in on the positive edge 
of CLK. Data bits are also clocked out on the positive 
edge of CLK. 

@ 1994 Microchip Technology Inc. 
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CLK can be stopped anywhere in the transmission 
sequence (at HIGH or LOW level) and can be continued 
anytime with respect to clock HIGH time (TeKH) and 
clock LOW time (TeKL). This gives the controlling 
master freedom in preparing opcode, address, and 
data. 

CLK is a 'Don't Care' if CS is LOW (device deselected). 
If CS is HIGH, but START condition has not been 
detected, any number of clock cycles can be received by 
the device without changing its status (i.e., waiting for 
START condition). 

CLK cycles are not required during the self-timed WRITE 
(i.e., auto ERASE/WRITE) cycle. 

After detection of a start condition the specified number 
of clock cycles (respectively LOW to HIGH transitions of 
CLK) must be provided. These clock cycles are required 
to clock in all required opcode, address, and data bits 
before an instruction is executed (see instruction set 
truth table). CLK and DI then become don't care inputs 
waiting for a new start condition to be detected. 

Note: CS must go LOW between consecutive instruc
tions. 

Data In (DI} 

Data In is used to clock in a ST ART bit, opcode, address, 
and data synchronously with the CLK input. 

Data Out (DO) 

Data Out is used in the READ mode to output data 
synchronously with the CLK input {TPD after the positive 
edge of CLK). 

This pin also provides READY/BUSY status information 
during ERASE and WRITE cycles. READY/BUSY sta
tus information is available on the DO pin if CS is brought 
HIGH after being LOW for minimum chip select LOW 
time (TesL) and an ERASE or WRITE operation has 
been initiated. 

Organization (ORG) 

When ORG is connected to Vee, the (x16) memory 
organization is selected. When ORG is tied to Vss, the 
(x8) memory organization is selected. ORG can only be 
floated for clock speeds of 1 MHz or less for the (x16) 
memory organization. For clock speeds greater than 1 
MHz, ORG must be tied to Vee or Vss. 

08200670-page 5 
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TIMING DIAGRAMS 

SYNCHRONOUS DATA TIMING 
VIH 

cs 
VIL Tess TO<H TO<!. 

VIH 
CU< 

V1L----~ 

DI 
VIL 

DO VOH--1-------.i 

(READ) VOL 

DO VOH 
(PROGRAM) VOL -------<~ _________ s_TA_T_u_s_v_A_L_ID __________ ~ 

• The memory automatically cycles to the next register. 

READ 

cs__} 

CU< 

DI 

DO TRI-STATE™ 

Tri-State is a trademark of National Semiconductor. 

EWEN cs__/ l'I \:::__/ 

CU< 

DI 0 0 

l'I 
EWDS cs__/ \:::__/ 

CU< 

DI 0 0 0 0 
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TIMING DIAGRAMS (Cont.) 

WRITE 

WRAL 

ERASE 

ERAL 

cs Tea 

Cl.K 

DI 

oo~~~~-"m~l~-ST~A~TE~~~~-«G~~~~~---~~~~~ 

Tw: 

cs Test. 

CU< 

DI 0 

• Guarantee at Vee = 5.0 V ± 10%. 

cs 

Cl.K 

DI 

cs 

CU< 

DI 

• Guarantee at Vee = 5.0 V ± 10%. 
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SALES AND SUPPORT 
To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 

PART NUMBERS 

PACKAGE: p 
SN 
SM 

TEMPERATURE Blank 
RANGE: 

PLASTIC DIP 
PLASTIC SOIC (150 mil Body) 8-Lead 
PLASTIC SOIC (207 mil Body) 8-Lead (93AA56/93AA66) 

O"Cto+70"C 

~----1-j DEVICE TYPE: Configuration (x16) or (x8) 

CMOS Serial EEPROM 93AA46/56/66 

CMOS Serial EEPROM 93AA46X/56X/66X 
in altemate pinouts (SN package only) 

CMOS Serial EEPROM (in Tape & Reel) 93AA46T/56T/66T 
CMOS Serial EEPROM]n Taoe & Reel}_ 93AA46XT/56XT/66XT 

DS20067D-page 8 C 1994 Microchip Technology Inc. 
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MICROCHIP 93LCS56/66 
2K/4K 2.SV CMOS Serial EEPROM with Software Wire Protect 

FEATURES 

• Single supply with programming operation down 
to2.5V 

• Low power CMOS technology 
- 1 mA active current typical 
- 5 µA standby current (typical) at 3.0V 

• x16 memory organization 
- 128x16 (93LCS56) 
- 256x16 (93LCS66) 

• Software write protection of user defined 
memory space 

• Self limed erase and write cycles 
• Automatic ERAL before WRAL 
• Power on/off data protection 
• Industry standard 3-wire serial VO 
• Device status signal during E/W 
• Sequential READ function 
• 1,000,000 E/W cycles (typical) 
• Data retention > 40 years 
• 8-pin PDIP/SOIC and 14-pin SOIC packages 
• Commercial: o·c to +70'C 
• Industrial: 40"C to +85'C 

PIN CONFIGURATION 

DIP Package 

8 Vee cs 

7 NU CLK 

8 ORG DI 

5 Vss DO 

93LCS56 
93LCS66 

C 1994 Microchip Technology Inc. 

93LCS56 
93LCS66 

Yee 

NU 

ORG 

Ysa 

DESCRIPTION 

The Microchip Technology Inc. 93LCS56/66 are low 
voltage Serial Electrically Erasable PROMs with memory 
capacities of 2K bits/4K bits respectively. A write protect 
register is included in order to provide a user defined 
region of write protected memory. All memory locations 
greater than or equal to the address placed in the write 
protect register will be protected from any attempted 
write or erase operation. It is also possible to protect the 
address in the write protect register permanently by 
using a one time only instruction (PROS). Any attempt 
to al1er data in a register whose address is equal to or 
greater than the address stored in the protect register 
will be aborted. Advanced CMOS technology makes 
this device ideal for low power non-volatile memory 
applications. 

BLOCK DIAGRAM 

IJ 

PRE 

CU< 

Vee Vss 

MEMORY 
ARRAY 

DATA REGISTER 

MOOE 
DECODE 
LOGIC 

CLOCK 
GENERATOR 

SOIC Packages 

NU 

Vee 

cs 

CLK 

93LCS56 
93LCS66 

Ollll'UT 
DO BUFFER 

NC NC 

cs Yee 

CLK PRE 

ORG NC 11 NC 

Ya DI PE 

DO DO Ya 

Ol NC NC 

93LCS56 
93LCS66 

!Prn~umill'1l~!i1f 
5-209 
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93LCS56/66 

ELECTRICAL CHARACTERISTICS 

Maximum Ratlngt'i* 

Vcc ............................................................................................ 7.0V 
All inputs and outputs w.r.t. Vss ..... -0.6V to Vee + 1.0V 
Storage temperature ....................... -ss·c to +1so·c 
Ambient temp. with power applied ..... -ss·c to + 12s·c 
Soldering temperature of leads (10 seconds) .. +30o·c 
ESD protection on all pins .................................... 4 kV 

~~~~~=~~~'m~i~~mra'l= ~ functioilal_aperation of llie device at those or B!lY. other conditions ali:e 
!hose indicated in the OJ>!lrational listings of this specification is not 
:=i~ec1"C~,:.Yi=".'um rating cclild1tions 1or extended periods 

DC AND AC ELECTRICAL 
CHARACTERISTICS 

Parameter Symbol Min 
High level input voltage VIH1 2.0 

VIH2 0.7Vee 
Low level input voltage VIL1 ·0.3 

VIL2 -0.3 
Low level output voltage VOL1 -

VOL2 -
High level output voltage VOH1 2.4 

VOH2 Vcc-0.2 
Input leakage current ILi ·10 
Output leakage current ILO ·10 
Internal capacitance CINT -
(all inputs/outputs) 
Operating current lee write -

Ice read -

Standby current tees -

Endurance - 100,000 
Clock frequency fCLK -

Clock h.![h time .IcKli 250 
Clock low time TCKL 250 
Ch.!e_ select set':!e_ time .n.ss. -50. 
Chip select hold time TCSH 0 
Chip select low time TCSL 250 
PRE setup time TPRES 100 
PE setup time TPES 100 
PRE hold time TPREH 0 
PE hold time TPEH 500 
Data i~ut set':!e_ time TDIS _100_ 

Data input hold time TDIH 100 
Data output delay time TPD -
Data output disable time Tcz -

PIN FUNCTION TABLE 

Name Function 

cs Chip Select 
CLK Serial Data Clock 
DI Serial Data Input 
DO Serial Data Output 
Vss Ground 
PE Program Enable 

PRE Protect Register Enable 
Vee Power Supply 

Vee= +2.5V to +6.0V 
Commercial (C): Tamb= o·cto+1o·c 
Industrial (I): Tamb = .4o·c to +as·c 

Max Units Conditions 
Vcc+1 v VDD~2.5V 

Vee+1 v VDD<2.5V 
0.8 v Voo~2.5V 

0.2Vee v VDD<2.5V 
0.4 v IOL = 2.1 mA; Vee= 4.5V 
0.2 v IOL =100 µA; Vee= 2.5V 
- v IOH = -400 µA; Vee = 4.5V 

- v IOH= -100 µA; Vee= 2.5V 
10 µA VIN= 0.1V to Vee 
10 µA Vour = 0.1V to Vee 
7 _Qf VINNOUT = ov J_Note 1 & 31_ 

Tamb = +2s·c, FCLK = 1 MHz 
3 mA FCLK = 2 MHz; Vee = 3.0V (Note 3) 
1 mA FCLK = 2 MHz; Vee = 6.0V 

500 µA FCLK = 1 MHz; Vee = 3.0V 
100 µA CLK =CS= OV; Vee= 6.0V 
30 µA CLK =CS= OV; Vee= 3.0V 
- EN/Cydes 1,000,000 ENI cycles typical 
2 MHz Vcc~4.5V 

1 MHz Vcc<4.5V 
- ns 

- ns 

- ns Relative to CLK 
- ns Relative to CLK 
- ns 

- ns Relative to CLK 

- ns Relative to CLK 

- ns Relative to CLK 

- ns Relative to CLK 
- ns Relative to CLK 
- ns Relative to CLK 
400 ns CL=100pF 
100 ns CL = 100 pf (Note 3) 

DS11181A-page2 1Prnlomo1111~!1'Y 
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93LCS56/66 

DC AND AC ELECTRICAL Vee= +2.5V to +6.0V 

CHARACTERISTICS (CONTINUED) 
Commercial (C): Tamb= o·cto+1o·c 
Industrial 

Parameter ~mbol Min Max 
Status valid time Tsv 500 

Program cycle time Twc 10 

TEC 15 

TwL 30 

Note 1: This parameter is tested at Tamb = 2s·c and FCLK = 1 MHz. 
Note 2: Typical program cycle time is 4 ms per word. 
Note 3: This parameter is periodically sampled and not 100°/o tested. 

INSTRUCTION SET FOR 93LCS56*/66 

(I): Tamb = -4o·c to +es·c 

Units Conditions 
ns CL=100pF 

ms ERASE/WRITE mode (Note 2) 

ms ERALmode 

ms WRALmode 

93LCS56/66 (x 16 organization) 

Instruction SB Opcode Address Data In 

READ 1 10 A7 -AO* -
EWEN 1 00 11XXXXXX -

ERASE 1 11 A7-AO* -

ERAL 1 00 10XXXXXX -
WRITE 1 01 A7-AO* 015- DO 
WRAL 1 00 01XXXXXX 015- DO 

EWDS 1 00 ooxxxxxx -

PR READ 1 10 xxxxxxxx -
PREN 1 00 11XXXXXX -

PRC LEAR 1 11 11111111 -

PRWRITE 1 01 A7-AO* -

PROS 1 00 00000000 -

*Address A7 bit is a "don't care• ON 93LCS56. 

C 1994 Microchip Technology Inc. 

Data Out PRE PE 

015- DO 0 

High-Z 0 

(RDY/BSY) 0 

(RDY/BSY) 0 

[iRDY/BSY}_ 0 
(RDY/BSY) 0 

High-Z 0 

A7-AO 1 
High - Z 1 

(RDY/BSY) 1 

(RDY/BSY) 1 

(RDY/BSY) 1 

IPir~~imhil~ir~ 
5-211 

x 

1 

1 

1 

1 
1 

x 

x 
1 

1 

1 

1 

Comments 

Reads data stored in memory, starting at 
specified address. 
Erase/Write Enable must precede all program-
mi'N_ modes. 
Erase data at specified address location If 
address Is Ul!Q.l'Otected. 
Erase all registers to 'FF'. Valid only when 
Protect Register is cleared. 
Writes r~ster if address is unprotected. 
Writes all registers. Valid only when Protect 
Register is cleared. 
Erase/Write Disable deactivates all program-
mil]Jl instructions. 
Reads address stored in Protect Rl!gister. 
Must immediately precede PRCLEAR, 
PRWRITE and PROS instructions. 
Clears the Protect Register such that all data 
are NOT writejlrotected. 
Programs address into Protect Register. 
Thereafter, memory addresses greater than or 
equal to the address in Protect Register are 
wrltejlrotected. 
ONE TIME ONLY instruction after which the 
address in the Protect Register cannot be 
altered. 

DS11181A-page 3 
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93LCS56/66 

FUNCTIONAL DESCRIPTION 

The 93LCS56/66 is organized as 128/256 registers by 
16 bits. Instructions, addresses and write data are 
clocked into the DI pin on the rising edge of the clock 
(CLK). The DO pin is normally held in a high-Z state 
except when reading data from the device, or when 
checking the ready/busy status during a programming 
operation. The ready/busy status can be verified during 
an Erase/Write operation by polling the DO pin; DO low 
indicates that programming is still in progress, while DO 
high indicates the device is ready. The DO will enterthe 
high-Z state on the falling edge of the CS. 

START Condition 

The START bit is detected by the device if CS and DI are 
both HIGH with respect to the positive edge of CLK for 
the first time. 

Before a START condition is detected, CS, CLK, and DI 
may change in any combination (except to that of a 
START condition), without resulting in any device opera
tion (READ, WRITE, ERASE, EWEN, EWDS, ERAL, 
WRAL, PRREAD, PREN, PRCLEAR, PRWRITE, and 
PROS). As soon as CS is HIGH, the device is no longer 
in the standby mode. 

An instruction following a START condition will only be 
executed if the required amount of opcode, address and 
data bits for any particular instruction is clocked in. 

After execution of an instruction (i.e., clock in or out of the 
last required address or data bit) CLK and DI become 
don't care bits until a new start condition is detected. 

DI/DO 

It is possible to connect the Data In and Data Out pins 
together. However, with this configuration it is possible 
for a 'bus conflict' to occur during the "dummy zero' that 
precedes the READ operation, if AO is a logic HIGH 
level. Under such a condition the voltage level seen at 
Data Out is undefined and will depend upon the relative 
impedances of Data Out and the signal source driving 
AO. The higher the current sourcing capability of AO, the 
higher the voltage at the Data Out pin. 

Data Protection 

During power-up, all programming modes of operation 
are inhibited until Vee has reached a level greater than 
1.4V. During power-down, the source data protection 
circuitry acts to inhibit all programming modes when Vee 
has fallen below 1.4V. 

The EWEN and EWDS commands give additional pro
tection against accidentally programming during normal 
operation. 

After power-up, the device is automatically in the EWDS 
mode. Therefore, an EWEN instruction must be per
formed before any ERASE or WRITE instruction can be 
executed. 

READ 
The READ instruction outputs the serial data of the 
addressed memory location on the DO pin. A dummy 
zero bit precedes the 16 bit output string. The output 
data bits will toggle on the rising edge of the CLK and are 
stable after the specified time delay (TPD). Sequential 
read is possible when CS is held high. The memory data 
will automatically cycle to the next register and output 
sequentially. 

ERASE/WRITE ENABLE AND 
DISABLE 
The 93LCS56/66 powers up in the Erase/Write Disable 
(EWDS) state. All programming modes must be pre
ceded by an Erase/Write Enable (EWEN) instruction. 
The PE pin MUST be held 'high" while loading the 
EWEN instruction. Once the EWEN instruction is ex
ecuted, programming remains enabled until an EWDS 
instruction is executed or Vee is removed from the 
device. To protect against accidental data disturb, the 
EWDS instruction can be used to disable all Erase/Write 
functions and should follow all programming operations. 
Execution of a READ instruction is independent of both 
the EWEN and EWDS instructions. 

ERASE 
The ERASE instruction forces all data bits of the speci
fied address to the logical "1" state. CS is brought low 
following the loading of the last address bit. This falling 
edge of the CS pin initiates the self-timed programming 
cycle. The PE pin MUST be latched 'high' during 
loading the ERASE instruction but becomes a 'don't 
care' after loading the instruction. 

The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TesL). DO at logical 'O' indicates that programming 
is still in progress. DO at logical '1' indicates that the 
register at the specified address has been erased and 
the device is ready for another instruction. ERASE 
instruction is valid if specified address is unprotected. 

The ERASE cycle takes 4 ms per word typical. 

DS111B1A-page 4 1Prn~fimfi1111~!f'Y 
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WRITE 
The WRITE instruction is followed by 16 bits of data 
which are written into the specified address. After the 
last data bit is put on the DI pin, CS must be brought low 
before the next rising edge of the CLK clock. This falling 
edge of CS initiates the self-timed auto-erase and pro
gramming cycle. The PE pin MUST be latched 'high' 
while loading the WRITE instruction but becomes a 
'don't care' thereafter. 

The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
(TcsL). DO at logical "O' indicates that programming is 
still in progress. DO at logical "1' indicates that the 
register at the specified address has been written with 
the data specified and the device is ready for another 
instruction. WRITE instruction is valid only if specified 
address is unprotected. 

The WRITE cycle takes 4 ms per word typical. 

ERASE ALL 
The ERAL instruction will erase the entire memory array 
to the logical '1'. The ERAL cycle is identical to the 
ERASE cycle exceptforthe different opcode. The ERAL 
cycle is completely self-timed and commences at the 
falling edge of the CS. PE pin MUST be held 'high' while 
loading the instruction but becomes 'don't care" thereaf
ter. Clocking of the CLK pin is not necessary after the 
device has entered the self clocking mode. The ERAL 
instruction is guaranteed at Vee = 4.5 to 6V and valid 
only when Protect Register is cleared. 

The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TesL). 

The ERAL cycle takes 15 ms maximum (8 ms typical). 

WRITE ALL 
The WRAL instruction will write the entire memory array 
with the data specified in the command. The WRAL 
cycle is completely self-timed and commences at the 
falling edge of the CS. PE pin MUST be held 'high' while 
loading the instruction but becomes 'don't care" thereaf
ter. Clocking of the CLK pin is not necessary after the 
device has entered the self clocking mode. The WRAL 
command does include an automatic ERAL cycle for the 
device. Therefore, the WRAL instruction does not 
require an ERAL instruction but the chip must be in the 
EWEN status. The WRAL instruction is guaranteed at 
Vee = 4.5 to 6V and valid only when Protect Register is 
cleared. 

The DO pin indicates the READY/BUSY status of the 
device if CS is brought high after a minimum of 250 ns 
low (TesL). 

The WRAL cycle takes 30 ms maximum ( 16 ms typical). 

93LCS56/66 

Note: In order to execute either READ, EWEN, ERAL, 
WRITE, WRAL, or EWDS instructions, the Protect Reg
ister Enable (PRE) pin must be held LOW. 

PROTECT REGISTER READ 

The Protect Register Read (PRREAD) instruction out
puts the address stored in the Protect Register on the 
DO pin. The PRE pin MUST be held HIGH when loading 
the instruction and remains HIGH until CS goes LOW. A 
dummy zero bit precedes the 8-bit output string. The 
output data bits in the memory Protect Register will 
toggle on the rising edge of the CLK as in the READ 
mode. 

PROTECT REGISTER ENABLE 

The Protect Register Enable (PREN) instruction is used 
to enable the PRCLEAR, PRWRITE, and PROS modes. 
Before the PREN mode can be entered, the device must 
be in the EWEN mode. Both PRE and PE pins MUST be 
held 'high' while loading the instruction. The PREN 
instruction MUST immediately precede a PRCLEAR, 
PRWRITE, or PROS instruction . 

PROTECT REGISTER CLEAR 

The Protect RegisterClear(PRCLEAR) instruction clears 
the address stored in the Protect Register and, there
fore, enables all registers for programming instructions 
such as ERASE, ERAL, WRITE, and WRAL. The PRE 
and PE pin MUST be held HIGH when loading the 
instruction. Thereafter, PRE and PE pins become 'don't 
care'. A PREN instruction must immediately precede a 
PRCLEAR instruction. 

PROTECT REGISTER WRITE 

The Protect Register Write (PRWRITE) instruction writes 
into the Protect Register the address of the first register 
to be protected. After this instruction is executed, all 
registers whose memory addresses are greater than or 
equal to the address pointer specified in the Protect 
register are protected from any programming instruc
tions. Note that a PREN instruction must be executed 
before a PRWRITE instruction and, the Protect Register 
must be cleared (by a PRCLEAR instruction) before 
executing the PRWRITE instruction. The PRE and PE 
pins MUST be held HIGH while loading PRWRITE 
instruction. After the instruction is loaded, they become 
'don't care'. 

PROTECT REGISTER DISABLE 

The Protect Register Disable (PROS) instruction is a 
ONE TIME ONLY instruction to permanently set the 
address specified in the Protect Register. Any attempts 
to change the address pointer will be aborted. The PRE 
and PE pins MUST be held HIGH while loading PROS 
instruction. After the instruction is loaded, they become 
'don't care'. Note that a PREN instruction must be 
executed before a PROS instruction. 

@ 1994 Microchip Technology Inc. IF'rni~~m~llli~try 
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93LCS56/66 

PIN DESCRIPTION 

Chip Select (C$) 

A HIGH level selects the device. A LOW level deselects 
the device and forces it into standby mode. However, a 
programming cycle which is already initiated and.for in 
progress will be completed, regardless of the CS input 
signal. If CS is brought LOW during a program cycle, the 
device will go into standby mode as soon as the program
ming cycle is completed. 

CS must be LOW for 250 ns minimum (TCSL) between 
consecutive instructions. If CS is LOW, the internal 
control logic is held in a RESET status. 

Serial Clock (CLK) 

The Serial Clock is used to synchronize the communica
tion between a master device and the 93LCS56/66. 
Opcode, address, and data bits are clocked in on the 
positive edge of CLK. Data bits are also clocked out on 
the positive edge of CLK. 

CLK can be stopped anywhere in the transmission 
sequence (at HIGH or LOW level) and can be continued 
anytime with respect to clock HIGH time (TCKH) and 
clock LOW time (TcKL). This gives the controlling master 
freedom in preparing opcode, address, and data. 

CLK is a "Don't Care" if CS is LOW (device deselected). 
If CS is HIGH, but START condition has not been 
detected, any number of clock cycles can be received by 
the device without changing its status (i.e., waiting for 
START condition). 

CLK cycles are not required during the self-timed WRITE 
O.e., auto ERASE/WRITE) cycle. 

After detection of a start condition the specified number 
of clock cycles (respectively LOW to HIGH transitions of 
CLK) must be provided. These clock cycles are required 
to clock in all required opcode, address, and data bits 
before an instruction is executed (see instruction set 
truth table). CLK and DI then become don't care inputs 
waiting for a new start condition to be detected. 

Note: CS must go LOW between consecutive instruc
tions. 

Pata In (Pl) 

Data In is used to clock in a START bit, opcode, address, 
and data synchronously with the CLK input. 

Data Out (QO) 

Data Out is used in the READ and PRREAD mode to 
output data synchronously with the CLK input (TPD after 
the positive edge of CLK). 

This pin also provides READY/BUSY status information 
during ERASE and WRITE cycles. READY/BUSY sta
tus information is available on the DO pin if CS is brought 
HIGH after held LOW for minimum chip select low time 
(TCSL) and an ERASE or WRITE operation has been 
initiated. 

Program Enable (PE) 

This pin should be held HIGH in the programming mode 
or when executing the Protect Register programming 
instructions. 

Protect Register Enable (PRE) 

This pin should be held HIGH when executing all Protect 
Register instructions. Otherwise, it must be held LOW 
for normal operations. 

0811181 A-page 6 IPlf®~nmuirn~ll'Y 
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93LCS56/66 

TIMING DIAGRAMS (Cont.) 

SYNCHRONOUS DATA TIMING 

PE VH 

VL 

VH 
cs 

VIL 

VH 
CLK 

VIL 

VH 
DI 

VIL 

DO VOH----<f------~ 

(READ) Va_ 

DO VOH 

(PROGRAM) Va_----~----------------------~ 

READ 
cs__/ 

CU< 

DI 

DO _____ TR_l_-S_TA_TE_™-------~ 

• The memory automatically cycles to the next register. PRE = o 
Tri-State is a trademark of National Semiconductor. PE= x 

EWEN 

CLK 

01 

© 1994 Microchip Technology Inc. 

0 

6 DON'T CARE BITS 

Prn1~3mflillaJITY 
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·~ 

PRE=O 
DO= TRI-STATE 
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93LCS56/66 

TIMING DIAGRAMS (Cont.) 

EWDS 
cs_/ 

CU< 

01~~0~~0~~0~~0~~'---x-J 0: ~x~'--~~~~~~~~~
PRE=O 
PE=X 
DO= TRI-STATE 

6 DON'T CARE BITS 

WRITE 
$ SS 

~~~ PE 

cs : Test. 

CU< 

DI 

~1 DO 
TRI-STATE 

15 ! READY \_ 
\ 

: .. 
•Address bit A7 becomes a "don't care" for 93LCS56. PRE=O Tw: 

WRAL 

PE 

cs TCSI. 

DI 0 0 0 

'---v---J 
6 DON'T CARE BITS 

Guarantee at Vee = 4.5V to 6.0V 
Protect Register must be cleared PRE = o TWL 

DS11181A-page8 !PIJ'®~ijmij~~IJ'Y <!:> 1994 Microchip Technology Inc. 
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TIMING DIAGRAMS (Cont.) 

ERASE 

•Address bit A7 is a 'don't care' for 93LCS56. PRE = O 

ERAL 

PR READ 
PRE 

8 DON'T CARE BITS 

00 0 

•Address bit A7 is a 'don1 care' for 93LCS56. PE= X 

C 1994 Microchip Technology Inc. !Pm~~m~111~wy 
5-217 

93LCS56/66 

• 
TEC 

Guarantee at Vee = 4.5V to 6.0V 
PRE = o Protect Register must be cleared 
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93LCS56/66 

PREN 
PAE 

PE 

CU< 

DI 0 0 

DO= TRl-5TATE 
A EWEN cycle must precede a PREN cycle. 6 DON'T CARE BITS 

PRCLEAR 

PRE 

PE 

I 

..----------«1)--------~I I » }Tes./ 
~---J :\__/ 

cs 

CU< 

I 
I 
I 

I 

..---------~~~-------~! 
DI _J' 1 1 \,....___ ________ _ 

8BITSOF"1" 

TRl-5TATE 
00------------~---------1--~ 

A PREN cycle must Immediately precede a PRCLEAR cycle. 

DS11181A-page 10 Prnij!milrilairy 
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PRWRITE 

PROS 

PRE 

PE 

cs 

CU< 

ll 
PRE 

PE 

cs 

CU< 

Protect Register MUST be cleared before a PRWRITE cycle. 
A PREN cycle must immediately precede a PRWRITE cycle. 
Address bit A7 is a "doni care" for 93LCS56. 

93LCS56/66 

BUSY READY 

Tv.c 

I TCSL 

READY\___ 

ONE TIME ONLY instruction. A PREN cycle must immediately precede a PROS cycle. 

© 1994 Microchip Technology Inc. 1Pm~amh111'iliry 
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93LCS56/66 

SALES AND SUPPORT 
To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 

PART NUMBERS 

93LCS56/66 - /P 

DS11181A-page 12 

PACKAGE: P PLASTIC DIP 
PLASTIC SOIC 1150 mil Body) 8-Lead 
PLASTIC SOIC 207 mil Body) 8-Lead 
PLASTIC SOIC 150 mil Body) 14-Lead 

SN 
SM 
SL 

TEMPERATURE Blank o·cto+1o·c 
-4o·c to +05·c RANGE: I 

DEVICE TYPE: Configuration 

CMOS Serial EEPROM 
CMOS Serial EEPROM 
in alternate pinouts (SN package only) 
CMOS Serial EEPROM (in Tape & Reel) 
CMOS Serial EEPROM ]n T~ & Ree_[ 
CMOS Serial EEPROM 
CMOS Serial EEPROM 
CMOS Serial EEPROM_(jn T~& Ree_!}_ 
CMOS Serial EEPROM (in Tape & Reel) 

(x16) 

93LCS56 
93LCS56X 

93LCS56T 
93LCS56XT 
93LCS66 
93LCS66X 
93LCS66T 
93LCS66XT 

!Prn~imillil~rry 
5-220 
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MICROCHIP Serial EEPROM 
Serial EEPROM Cross Reference Guide 

The purpose of this document is to provide a quick way 
to detennine which Serial EEPROM parts are basically 
equivalent to which Microchip devices. The cross refer
ence section is broken down by manufacturer and lists 
all parts from that manufacturer , and the comparable 
Microchip part number. 

There are subtle differences from manufacturerto manu
facturer and device to device, so Microchip recom
mends consulting the respective manufacturer's 
databook for specific details. 

Microchip provides a wide selection of Serial EEPROM 
devices, both from a density and a packaging stand
point, as well as several different protocols. If you are 
interested in a part that is not listed in this book , please 
refer to the Microchip data book, or contact your local 
distributor or sales representative for assistance. 

The manufacturers included in this document are as 
follows: 

AKM 

Atmel 

Catalyst 

Exel 

ISSI 

Microchip 

Mitsubishi 

National 

Oki 

Philips 

Samsung 

SGS-Thomson 

Siemens 

Xicor 

The above trademarks are property of their respective companies. 

Cl 1994 Microchip Technology Inc. DS21090A-page 1 
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Serial EEPROM 

Closest Closest 
Manufacturer Part Number Microchip Size Manufacturer Part Number Microchip Size 

Equlvalent Equivalent 

AKM AK93C45 93C46 1K ATMEL AT24C04-2.7 24LC04B 4K 

AKM AK93C45L 93C46 1K ATMEL AT24C04-2.5 24LC04B 4K 

AKM AK93C55 93LC56 2K ATMEL AT24C04-1.S 24AA04 4K 

AKM AK93C55L 93AA56 2K ATMEL AT24COS 24LC08B SK 

AKM AK93C57 93LC56 2K ATMEL AT24COS-2. 7 24LC08B SK 

AKM AK6420 93LC56 2K ATMEL AT24C08-2.5 24LC08B SK 

AKM AK93C65 93LC66 4K ATMEL AT24C08-1.S 24AA08 SK 

AKM AK93C65L 93AA66 4K ATMEL AT24C16 24LC16B 16K 

AKM AK93C67 93LC66 4K ATMEL AT24C16-2.7 24LC16B 16K 

AKM AK6420 93LC66 4K ATMEL AT24C16-2.5 24LC16B 16K 

ATMEL AT24C01A 24LC01B/ 1K ATMEL AT24C16-1.S 24AA16 16K 
24C01A ATMEL AT24C164 24LC164* 16K 

ATMEL AT24C01A-2.7 24LC01B 1K ATMEL AT24C164-2.7 24LC164* 16K 
ATMEL AT24C01 A-2.5 24LC01B 1K ATMEL AT24C164-2.5 24LC164* 16K 
ATMEL AT24C01A-1.S 24AA01 1K ATMEL AT24C164-1.S 24AA164* 16K 
ATMEL AT59C11 59C11 1K Catalyst CAT59C11/l/A/Al/H 59C11 1K 
ATMEL AT59C11-2.7 59C11 1K Catalyst CAT33C101C/I 93LC46 1K 
ATMEL AT59C11-2.5 59C11 1K Catalyst CAT33C101 93LC46 1K 
ATMEL AT59C11-1.S 59C11 1K Catalyst CAT93C46/l/H 93LC46 1K 
ATMEL AT93C46 93C46 1K Catalyst CAT93C46Al/H 93LC46 1K 
ATMEL AT93C46-2. 7 93LC46 1K Catalyst CAT35C102H/I 93C56 2K 
ATMEL AT93C46-2.5 93LC46 1K Catalyst CAT93C5611 93C56 2K 
ATMEL AT93C46-1.S 93LC46 1K Catalyst CAT93LC56/l 93LC56 2K 
ATMEL AT93C56 93C56 2K Catalyst CAT24C02/1 24C02B/ 2K 
ATMEL AT93C56-2. 7 93LC56 2K 24LC02B 

ATMEL AT93C56-2.5 93LC56 2K Catal'l_st CAT24LC02/I 24LC02B 2K 

ATMEL AT93C56-1.S 93AA56 2K Catalyst CAT24C04.1 24C04A/ 4K 

ATMEL AT93C57 93C56 2K 24LC04B 

ATMEL AT93C57-2.7 93LC56 2K 
Catalyst CAT24LC04.1 24LC04B 4K 

ATMEL AT93C57-2.5 93LC56 2K Cata_!l.st CAT35C104/H/I 93C66 4K 

ATMEL AT93C57-1.7 93AA56 2K Catah'_st CAT33C104 93LC66 4K 

ATMEL AT24C02 24C02/ 2K 
Catah'_st CAT35C704/I 93C66 4K 

24LC02B Catakst CAT33C704/I 93LC66 4K 

ATMEL AT24C02-2.7 24LC02B 2K Catalyst CAT35CSO 93C66 4K 

ATMEL AT24C02-2.5 24LC02B 2K Catalyst CAT33CSO 93LC66 4K 

ATMEL AT24C02-1.S 24AA02 2K Catalyst CAT24COS 24LCOSB SK 

ATMEL AT93C66 93C66 4K Catalyst CAT24LC08 24LCOSB SK 

ATMEL AT93C66-2. 7 93LC66 4K Cataly_st CAT24C16 24LC16B 16K 

ATMEL AT93C66-2.5 93LC66 4K Catalyst CAT24LC16 24LC16B 16K 

ATMEL AT93C66-1.S 93AA66 4K Exel XL93LC06 93C06 256bit 

ATMEL AT24C04 24C04/ 4K Exel XL24C01A 24C01A/ 1K 
24LC04B 24LC01B 

•Release mid 1994 

DS21090A-page 2 C 1994 Microchip Technology Inc. 
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Serial EEPROM 

Closest Closest 
Manufacturer Part Number Microchip Size Manufacturer Part Number Microchip Size 

Equlvalent Equivalent 

Exel XL24C01-2.5 24LC01B 1K National NM24C04L 24LC04B 4K 

Exel XL93C CS LC 46 93C46 1K National NM24C05L 24LC04B 4K 

Exel XL93C CS LC 46-3 93LC46 1K National NM24C08 24LCOBB BK 

Exel XL24C01A-3 24LC01B 1K National NM24COBL 24LC08B BK 

Exel XL24C02 24C02N 2K National NM24C09 24LC08B BK 
24LC02B National NM24C09L 24LC08B BK 

Exel XL24C02-3 24LC02B 2K National NM24C16 24LC16B 16K 
Exel XL93C56,LC56 93C56/ 2K 

LC56 
National NM24C16L 24LC16B 16K 

Exel XL24C01-2.5 24LC02B 2K 
National NM24C17 24LC16B 16K 

Exel XL93LC56-3 93LC56 2K 
National NM24C17L 24LC16B 16K 

Exel XL93C66,LC66 93C66/ 4K 
Oki MSM16812 93C56 2K 

93LC66 Phillips- PCAB5B1 24C01A 1K 

Exel XL93C66-3,LC66-3 93LC66 4K 
Signetics 

Exel XL24C04 24C04A/ 4K 
24LC04B 

Phillips- PCFB5B2C2 B5CB2 2K 
Signetics 

Exel XL24C04-3 24LC04B 4K 

Exel XL24C04-2.5 24LC04B 4K 

Exel XL24C16 24LC16B 16K 

Phillips- PCDB5B202 B5CB2 2K 
Signe tics 

Phillips- PCFB5B2F2 B5C82 2K 
Signetics • Exel XL24C16-3 24LC16B 16K Phillips- PCFB594C-2 24AA04 4K 

ISSI IS93C46 93C46 1K Signetics 

ISSI IS93C46-3 93LC46 1K 

ISSI IS93C56 93C56 2K 

ISSI IS93C66 93C66 4K 

Phillips- PCDB594D-2 24LC04B 4K 
Signe tics 

Phillips- PCFB59BC-2 24LC08B BK 
Signetics 

National NM93C06 93C06 256bit Phillips- PCDB59BD-2 24LC08B BK 

National NM93C46 93C46 1K Signe tics 

National NM93C46LZ 93AA46 1K Phillips- PCDB5B9BF-2 24LC08B BK 

National NM93C56 93C56 2K 
Signetics 

National NM93C56LZ 93AA56 2K 
Samsung KM93C06 93C06 256 bit 

National NM93CS56 93LCS56 2K 
Samsung KM93C07 93C06 256 bit 

National NM93CS56L 93LCS56 2K 
Samsung KM93C46 93C46 1K 

National NM24C02 24C02N 2K 
Samsung KM94C46V 93C46 1K 

24LC02B Samsung KM93C56 93C56 2K 

National NM24C02L 24LC02B 2K Samsu~ KM93CS56 93LCS56 2K 

National NM24C03 24C02A 2K Samsung KM93C56V 93AA56 2K 

National NM24C03L 24LC02B 2K Samsung KM93C57 93C56 2K 

National NM93C66 93C66 4K Samsung KM93C57V 93AA56 2K 

National NM93CS66 93LCS66 4K Samsung KM93C66 93C66 4K 

National NM93C66L 93LC66 4K Samsung KM93CS66 93LCS66 4K 

National NM93CS66L 93LCS66 4K Samsung KM93C66V 93AA66 4K 

National NM93C66LZ 93AA66 4K Samsung KM93C67 93C66 4K 

National NM24C04 24C04A/ 4K Samsung KM93C67V 93AA66 4K 

24LC04B SEEQ 2913A 93C46 1K 

C 1994 Microchip Technology Inc. DS21090A-page 3 
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Serial EEPROM 

Closest Closest 
Manufacturer Part Number Microchip Size Manufacturer Part Number Microchip Size 

Equivalent Equivalent 

SEEQ 2913C 93C46 1K Siemens SDA2546 24C04A/ 4K 

SEEQ 2914A 93C46 1K 24LC04B 

SEEQ 2919G 93C46 1K Siemens SDA2586 24LC08B SK 

SEEQ 2922A 93LC56 2K Xicor X24C01A 24LC01B 1K 

SEEQ 2929G 93LC56 2K Xicor X2402 24C02A 2K 

SEEQ 2934A 93LC66 4K Xicor X24C02 24LC028 2K 

SEEQ 2929G 93LC66 4K Xicor X2404 24C04A/ 4K 
24LC04B 

SGS-Thomson ST93C06 93C06 256 bit 
Xicor X24C04 24LC04B 4K 

SGS-Thomson ST24C01 24LC01B 1K 
Xicor X24COS 24LC08B SK 

SGS-Thomson ST93C46A 93C46 1K 
Xicor X24C16 24LC16B 16K 

SGS-Thomson ST93C46T 93C46 1K 

SGS-Thomson ST93C46 93LC46 1K 

SGS-Thomson ST24W01 24LC01B 1K 

SGS-Thomson ST25W01 24LC01B 1K 

SGS-Thomson ST93C56 93C56 2K 

SGS-Thomson ST93CS56 93LCS56 2K 

SGS-Thomson ST93CS57 93LCS56 2K 

SGS-Thomson ST24C02A 24LC02B 2K 

SGS-Thomson ST24C02C 24LC02B 2K 

SGS-Thomson ST24W02C 24LC02B 2K 

SGS-Thomson ST25C02A 24LC02B 2K 

SGS-Thomson ST25W02C 24LC02B 2K 

SGS-Thomson ST93CS66 93LCS66 4K 

SGS-Thomson ST93CS67 93LCS66 4K 

SGS-Thomson ST24C04 24C04A/ 4K 
24LC04B 

SGS-Thomson ST24C04C 24LC04B 4K 

SGS-Thomson ST24Wo4C 24LC04B 4K 

SGS-Thomson ST25C04 24LC04B 4K 

SGS-Thomson ST25CORC 24LC04B 4K 

SGS-Thomson ST25W04C 24LC04B 4K 

SGS-Thomson ST24C06 24LC08B SK 

SGS-Thomson ST24C08C 24LCOSB SK 

SGS-Thomson ST25C08C 24LCOSB SK 

SGS-Thomson ST24C16C 24LC16B 16K 

SGS-Thomson ST24E16C 24LC16B 16K 

SGS-Thomson ST25C16C 24LC16B 16K 

SGS-Thomson ST25E16C 24LC16B 16K 

Siemens SDA2516-2 24C01A/ 1K 
24LC01B 

Siemens SDA2526-2 24C02A/ 2K 
24LC02B 

DS21090A-page 4 C 1994 Microchip Technology Inc. 
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MICROCHIP 

SECTION6 
PARALLEL EEPROM PRODUCT SPECIFICATIONS 

EEPROM 
28C04A 
28C16A 
28C17A 
28C64A 

Parallel EEPROM Selection Guide .......................•......•......••.....•.•....•....... 6- 1 
4K (512 x 8) CMOS EEPROM •......•.....•..............•....••.•.•.•.....................•... 6- 3 
16K (2K x 8) CMOS EEPROM ..••.•...••.....•.......••.....••................................. 6- 11 
16K(2Kx8) CMOS EEPROM ........•.....•.....•.•...............•....•••...••....•••.....•.• 6- 19 
64K (8K x 8) CMOS EEPROM ...•...•.........•......••.•...••.•...•..............•.....•...... 6- 27 

• 

C 1994 Microchip Technology Inc. DS00018G 
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MICROCHIP Parallel EEPROMs 
Parallel EEPROM Selection Guide 

Device Density/ 
Organization 

28C04A 4K bits (512 x B) 

28C16A 16K bits (2K x B) 

2BC17A 16K bits (2K x B) 

2BC64A 64K bits (BK x B) 

2BC64AX 64K bits (BK x B) 

2BC04AF 4K bits (512 x B) 

2BC16AF 16K bits (2K x B) 

2BC17AF 16K bits (2K x B) 

2BC64AF 64K bits (BK x B) 

P = Plastic DIP 
SN = .150" Bid SOIC 
S = Dice in Wafflepack 

CMOS Parallel EEPROMs 

Ice 
Access (Active/ 
Time(ns) Standby) 

150/200/250 30mA/100µA 

150/200/250 30mA/100µA 

150/200/250 30 mA/100 µA 

150/200/250 30 mA/100 µA 

150/200/250 30 mA/100 µA 

150/200/250 30 mA/100 µA 

150/200/250 30 mA/100 µA 

150/200/250 30 mA/100 µA 

150/200/250 30mA/100µA 

J = Ceramic DIP 
SM = .207" Bid SOIC 

Byte Endur-
Write ance Temp 
Time (cycles)* Range 

1 ms 10K C,I 

1 ms 10K C,I 

1 ms 10K C,I 

1 ms 10K C,I 

1 ms 10K C,I 

200µs 10K C,I 

200µs 10K C,I 

200µs 10K C,I 

200µs 10K C,I 

PACKAGES 

L = PLCC 
SL = .150' 141d SOIC 
W = Dice in Wafer Form 

tPins Package Operating 
Types Voltage 

24,32 P,J,L 4.5V-5.5V 

24,2B,32 P,J,TS,VS,L 4.5V-5.5V 

2B,32 P ,J,SO,TS,VS,L 4.5V-5.5V 

2B,32 P,J,SO,TS,VS,L 4.5V -5.5V 

2B,32 P,J,SO,TS,VS,L 4.5V-5.5V 

24,32 P,J,L 4.5V-5.5V 

24,2B,32 P,J,TS,VS,L 4.5V-5.5V 

2B,32 P,J,SO,TS,VS,L 4.5V-5.5V 

2B,32 P,J,SO,TS,VS,L 4.5V-5.5V 

K = Ceramic LCC 
SO = .300' 28ld SOIC 
TS = 281d TSOP (Bx20mm) 

VS = 2Bld VSOP (Bx13.4mm) 

• Endurance is guaranteed to 1 OK cycles at extended (-40°C to+ 125°C) temperature. 
NOTE: NOT ALL COMBINATIONS OF SPEEDITEMPERATURE RANGE/PACKAGE/ETC. ARE AVAILABLE. 

CONSULT FACTORY FOR SPECIFIC PART INFORMATION. 
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MICROCHIP 28C04A 
4K (512 x 8) CMOS EEPROM 

FEATURES 

• Fast Read Access Time-150 ns 
• CMOS Technology for Low Power Dissipation 

- 30 mA Active 
- 100 µA Standby 

• Fast Byte Write Time-200 µs or 1 ms 
• Data Retention > 1 O years 
• Endurance - Minimum 104 Erase/Write Cycles 
• Automatic Write Operation 

- Internal Control Timer 
- Auto-Clear Before Write Operation 
- On-Chip Address and Data Latches 

• DataPolling 
• Chip Clear Operation 
• Enhanced Data Protection 

- Vee Detector 
- Pulse Filter 
- Write Inhibit 

• 5-Volt-Only Operation 
• Organized 512x8 JEDEC standard pinout 

- 24-pin Dual-In-Line Package 
- 32-pin Chip Carrier (Leadless or Plastic) 

• Available for Extended Temperature Ranges: 
- Commercial: o·c to 1o·c 
- Industrial: -40"C to B5°C 

PIN CONFIGURATION 

Top View 

~!11 !11 ~~I~ !11 
Va; 
NJ 
NC 

we 
OE 
NC 

CE 

l/04 
l/03 

DIP PLCC 

•Pin 1 indicator on PLCC on top of package 

C 1994 Microchip Technology Inc. 
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DESCRIPTION 

The Microchip Technology Inc. 28C04A is a CMOS 4K 
non-volatile electrically Erasable and Programmable 
Read Only Memory (EEPROM). The 2BC04A is ac
cessed like a static RAM for the read or write cycles 
withoutthe need of external components. During a "byte 
write", the address and data are latched internally, 
freeing the microprocessor address and data bus for 
other operations. Following the initiation of write cycle, 
the device will go to a busy state and automatically clear 
and write the latched data using an internal control timer. 
To determine when a write cycle is complete, the 2BC04A 
uses Data polling. Data polling allows the user to read 
the location last written to when the write operation is 
complete. CMOS design and processing enables this 
part to be used in systems where reduced power con-
sumption and reliability are required. A complete family G 
of packages is offered to provide the utmost flexibility in 
applications. 

BLOCK DIAGRAM 

l/00 ••••••• l/07 

4Kbit 
Celt Matrix 
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28C04A 

ELECTRICAL CHARACTERISTICS 
MAXIMUM RATINGS* 

Vee and input voltages w.r.t. Vss ........ -0.SV to+ 6.25V 
Voltage on OE w.r.t. Vss ........................... -0.SV to +13.5V 
Output Voltage w.r.t. Vss .................... -0.SV to Vcc+O.SV 
Storage temperature ......••.....••.•.....•.••.. -65'C to 125'C 
Ambient temp. with power applied •.••••••• -50'C to 95'C 

*Notice: Stresses above those listed under"Maximum Ratings• 
may cause permanent damage to the device. This Is a stress 
rating only and functional operation of the device at those or any 
other conditions above those indicated in the operation listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

READ I WRITE OPERATION 
DC Characteristics 

Parameter Status Symbol 

Input Voltages Logic '1' VIH 
Logic 'O' VIL 

Input Leakage lu 

Input Capacitance CIN 

Output Voltages Logic '1' VOH 
Logic 'O' VOL 

Output Leakage ILO 

Output Capacitance Cour 

Power Supply Current, Active TTL input Ice 

Power Supply Current, Standby TTL input ICC(S)m 
TTL input ICC(S)m 

CMOS input ICC(S)CMOS 

Note: (1) AC power supply current above 5 MHz: 1 mAIMHz 

05111260-page 2 
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PIN FUNCTION TABLE 

Name Function 

AO-AB Address Inputs 
CE Chip Enable 
OE Output Enable 
WE Write Enable 

1100-1/07 Data Inputs/Outputs 
Vee +5V Power Supply 
vss Ground 
NC No Connect; No Internal 

Connection 
NU Not Used; No External 

Connection is Allowed 

Vee= +5V ±10% 
Commercial (C): Tamb= O'Cto70'C 
Industrial (I): Tamb= -40'C to 85'C 

Min Max Units Conditions 

2.0 Vcc+1 v 
-0.1 0.8 v 

-10 10 µA VIN= -0.1Vto Vcc+1 

10 pF VIN = OV; Tamb = 25'C; 
f= 1 MHz 

2.4 v IOH=-400 µA 
0.45 v IOL=2.1 mA 

-10 10 µA Vour = -0.1V to Vcc+0.1V 

12 pF VIN = OV; Tamb = 25'C; 
f= 1 MHz 

30 mA f = 5 MHz (Note 1) 
VCC=5.5V; 

-
2 mA CE= VIH (O'C to 70'C) 
3 mA CE= VIH {-40'C to 85'C) 

100 µA CE = V cc-0.3 to Vee+ 1 

C 1994 Microchip Technology Inc. 



28C04A 

READ OPERATION AC Testing Waveform: VIH = 2.4V; VIL= 0.45V; VOH = 2.0V; VOL= o.av 
AC Characteristics Output Load: 1 TTL Load+ 100pF 

Input Rise and Fall Times: 20 ns 
Ambient Temperature: Commercial (C): Tamb = O"Cto 70"C 

Industrial (I): Tamb = -40'C to 85'C 

Parameter Sym 28C04A-15 28C04A-20 28C04A-25 Units Conditions 

Min Max Min Max Min Max 

Address to Output Delay tACC 150 200 250 ns OE=CE=VIL 

CE to Output Delay tee 150 200 250 ns OE=VIL 

OE to Output Delay tOE 70 80 100 ns CE=VL 

CE or OE High to Output Float tOFF 0 50 0 55 0 70 ns 

Ou~t Hold from Address, CE tOH 0 0 0 ns 
or OE, whichever occurs first 

READ WAVEFORMS 

VIH 
Address Address Valid 

VIL 

VIH 
CE 

VL 
---- tCE(2) __ __. 

VIH 
OE 

VIL 
tOE(2) --

VOH 
HighZ Data Valid Output 

HighZ 

VOL 

VIH ---- tACC ----~• 
WE 

VIL 

Notes: (1) toFF is specified for OE or CE, whichever occurs first 
(2) OE may be delayed up to tCE - tOE after the falling edge of CE without impact on tcE 
(3) This parameter is sampled and is not 100% tested 

C 1994 Microchip Technology Inc. 
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28C04A 

BYTE WRITE 
AC Testing Waveform: VIH = 2.4V and VIL = 0.45V; V OH= 2.0V; VOL = 0.8V 
Output Load: 1 TTL Load+ 100 pF 

AC Characteristics Input Rise/Fall Times: 20nsec 
Ambient Temperature: Commercial (C): Tamb = o·cto 1o·c 

Industrial (I): Tamb = -40"C to 85'C 

Parameter Symbol Min Max Units Remarks 

Address Set-Up Time !AS 10 ns 

Address Hold Time !AH 50 ns 

Data Set-Up Time too 50 ns 

Data Hold Time !DH 10 ns 

Write Pulse Width !WPL 100 ns Note 1 

Write Pulse High Time tWPH 50 ns 

OE Hold Time !OEH 10 ns 

OE Set-Up Time toes 10 ns 

Data Valid Time tc:w 1000 ns Note2 

Write Cycle Time (28C04A) tw::: 1 ms 0.5 ms typical 

Write Cycle Time (28C04AF) tw::: 200 µs 100 µs typical 

Note: (1) A write cycle can be initiated be CE or WE going low, whichever occurs last. The data is latched on 
the positive edge of CE or WE, wichever occurs first. 

(2) Data must be valid within 1 OOOns max. after a write cycle is initiated and must be stable at least until 
!DH after the positive edge of WE or CE, whichever occurs first. 

PROGRAMMING WAVEFORMS 

VIH 

~" } Address 
VIL 

!AH 
VIH 

CE.WE 
VIL 

VIH 
Data In 

VIL 

VIH 
OE 

VIL 
!OEH 

DS 111260-page 4 C 1994 Microchip Technology Inc. 
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DATA POLLING WAVEFORMS 

VIH=x 
Address 

VIL 
Address Valid X.._ ___ _,{f )cl: 

'-----qlACC 

VIL 

V1H 
OE 

VIL 

V1H -----<~ 
Data 

VIL-----<~ 

CHIP CLEAR WAVEFORMS 

VIH --------~ 
CE 

VIL 

VH 

OE 
VIH --------~ 

VIH 
WE 

VIL 

~ 1994 Microchip Technology Inc. 

tee 

tWPH 

toe 

ts 1-4---- tw __ ___,_ 

6-7 

Last Written 
Address Valid 

tH 

tw = 10ms 

28C04A 

True Data Out 

ts =tH = 1µs 
VH = 12.0V ±0.5V 

DS11126D-page 5 
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28C04A 

DEVICE OPERATION 

The Microchip Technology Inc. 28C04A has four basic 
modes of operation-read, standby, write inhibit, and 
byte write-as outlined in the following table. 

Operation Mode CE OE WE 1/0 

Read L L H Dour 
Standby H x x HighZ 
Write Inhibit H x x HighZ 
Write Inhibit x L x HighZ 
Write Inhibit x x H HighZ 
Byte Write L H L DIN 
Byte Clear Automatic Before Each 'Write• 

X = Any TTL level. 

Read Mode 

The 2BC04A has two control functions, both of which 
must be logically satisfied in order to obtain data at the 
outputs. Chip enable (CE) is the power control and 
sbQuld be used for device selection. Output Enable 
(OE) is the output control and is used to gate data to the 
output pins independent of device selection. Assuming 
that addresses are stable, address access time (!Ace) is 
equal to the delay from CE to output (ICE). Data is 
available at the output !OE after the falling edge of OE, 
assuming that CE has been low and addresses have 
been stable for at least tAcc-toE. 

Standby Mode 

The 28C04A is placed in the standby mode by applying 
a high signal to the CE input. When in the standby mode, 
the ou1Ql!ts are in a high impedance state, independent 
of the OE input. 

Data Protection 

In order to ensure data integrity, especially during critical 
power-up and power-down transitions, the following 
enhanced data protection circuits are incorporated: 

First, an internal Vee detect (3.3 volts typical) will inhibit 
the initiation of non-volatile programming operation when 
Vee is less than the Vee detect circuit trip. 

Second, there is a WE filtering circuit that prevents WE 
pulses of less than 1 o ns duration from initiating a write 
cycle. 

Third, holding WE or CE high or OE low, inhibits a write 
cycle during power-on and power-off (Vee). 

06111260-page 6 
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Write Mode 

The 2BC04A has a write cycle similar to that of a Static 
RAM. The write cycle is completeluelf-timed and 
initiated by a IQJ!!..Qoing pulse on the WE pin. On the 
falling edge of WE, the address information is latched. 
On rising edge, the data and the control pins (CE and 
OE) are latched. 

Data Polling 

The 28C04A features Data polling to signal the comple
tion of a byte write cycle. During a write cycle, an 
attempted read of the last byte written results in the data 
complement of 1107 (1100 to 1/06 are indeterminable). 
After completion of the write cycle, true data is available. 
Data polling allows a simple read/compare operation to 
determine the status of the chip eliminating the need for 
external hardware. 

Chip Clear 

All data may be cleared to 1 's in a chU1.f!ear CYQle by 
raising OE to 12 volts and bringing the WE and CE low. 
This procedure clears all data. 

C 1994 Microchip Technology Inc. 



28C04A 

NOTES: 

• 
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6-9 



28C04A 

SALES AND SUPPORT 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 

PART NUMBERS 

28C04A F T - 15 I/ P 

Package: J Cerdip 
L Plastic Leaded Chip Carrier (PLCC) 
p Plastic DIP 

Temperature Blank o·c to7o·c 
Range: I -4o·c to a5·c 

Access Time: 15 150 ns 
20 200ns 
25 250 ns 

Shipping: Blank Tube 
T Tape and Reel "L" only. 

Option: =twc = 1 ms 
F =twc =200µs 

Device: 28C04A 512 x 8 CMOS EEPROM 

08111260-page 8 © 1994 Microchip Technology Inc. 
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MICROCHIP 28C16A 
16K (2K x 8) CMOS EEPROM 

FEATURES 

• Fast Read Access Time-150 ns 
• CMOS Technology for Low Power Dissipation 

- 30 mA Active 
- 100 µA Standby 

• Fast Byte Write Time-200 µs or 1 ms 
• Data Retention > 10 years 
• High Endurance - Minimum 104 Erase/Write Cycles 
• Automatic Write Operation 

- Internal Control Timer 
- Auto-Clear Before Write Operation 
- On-Chip Address and Data Latches 

• Data polling 
• Chip Clear Operation 
• Enhanced Data Protection 

-Vee Detector 
- Pulse Filter 
- Write Inhibit 

• Electronic Signature for Device Identification 
• 5-Volt-Only Operation 
• Organized 2Kx8 JEDEC Standard Pinout 

- 24-pin Dual-In-Line Package 
- 32-pin Chip Carrier (Leadless or Plastic) 
- 28-pin Thin Small Outline Package (TSOP) 

8x20mm 
- 28-pin Very Small Outline Package (VSOP) 

8x13.4mm 
• Available for Extended Temperature Ranges: 

- Commercial: o·c to 1o·c 
- Industrial: -40°C to 85°C 

DESCRIPTION 

The Microchip Technology Inc. 28C16A is a CMOS 16K 
non-volatile electrically Erasable PROM. The 28C16A 
is accessed like a static RAM for the read or write cycles 
withoutthe need of external components. During a "byte 
write", the address and data are latched internally, 
freeing the microprocessor address and data bus for 
other operations. Following the initiation of write cycle, 
the device will go to a busy state and automatically clear 
and write the latched data using an internal control timer. 
To determine when a write cycle is complete, the 28C16A 
uses Data polling. Data polling allows the user to read 
the location last written to when the write operation is 
complete. CMOS design and processing enables this 
part to be used in systems where reduced power con
sumption and reliability are required. A complete family 
of packages is offered to provide the utmost flexibility in 
applications. 

©1994 Microchip Technology Inc. 
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BLOCK DIAGRAM 

v 

1100 ••••••• 1107 

16Kblt 
Cell Matrix 

PIN CONFIGURATION 

•Pin 1 indicator on PLee on top of package 

OE 1., .2a A10 
NC2\ 21CE 
A93\ /26V07 

~::g: ;:· ·_·_·_·_·:_-._·~-·1 1:·:·:: .. J ~ 
TSOP ········21 Vss 

20 l/02 

~ ~~ ./ ~------~ \. ~= ~ 
A5 12 / \ 17 AO 
M~/ \fflM 
A3 14: "1s A2. 
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28C16A 

ELECTRICAL CHARACTERISTICS 

MAXIMUM RATINGS* 

Vee and input voltages w.r.t. Vss ........ -0.6V to+ 6.25V 
Voltage on OE w.r.t. Vss ........................... -0.SV to +13.5V 
Voltage on A9 w.r.t. Vss ............................ -0.SV to +13.5V 
Output Voltage w.r.t. Vss .................... -0.6V to Vcc+0.6V 
Storage temperature ............................ -65'C to 125'C 
Ambient temp. with power applied ......... -50'C to 95'C 

*Notice: Stresses above those listed under"Maximum Ratings• 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at those or any 
other conditions above those indicated in the operation listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

READ I WRITE OPERATION 
DC Characteristics 

Parameter Status Symbol 

Input Voltages Logic '1' VIH 
Logic •o• VIL 

Input Leakage - IU 

Input Capacitance - CIN 

Output Voltages Logic '1' VOH 
Logic ·o· VOL 

Output Leakage - ILO 

Output Capacitance - Coor 

Power Supply Current, Active TTL input Ice 

Power Supply Current, Standby TTL input ICC(S)TTL 
TTL input ICC(S)m 

CMOS input ICC(S)CMOS 

Note: (1) AC power supply current above 5 MHz: 1 mA/MHz 

OS11125E-page 2 
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PIN FUNCTION TABLE 

Name Function 

AO-A10 Address Inputs 
CE Chip Enable 
OE Output Enable 
WE Write Enable 

1/00-1/07 Data Inputs/Outputs 
Vee +5V Power Supply 
Vss Ground 
NC No Connect; No Internal 

Connection 
NU Not Used; No External 

Connection is Allowed 

Vee= +5V ±10% 
Commercial (C): Tamb= O'Cto70'C 
Industrial (1): Tamb= -40'C to 85'C 

Min Max Units Conditions 

2.0 Vcc+1 v 
-0.1 0.8 v 

-10 10 µA VIN= -0.1V to Vcc+1 

- 10 pF VIN = OV; Tamb = 25'C; 
f= 1 MHz 

2.4 v IOH= -400µA 
0.45 v IOL=2.1 mA 

-10 10 µA VOUT = -0.1V to Vcc+0.1V 

- 12 pF VIN = OV; Tamb = 25'C; 
f = 1 MHz 

- 30 mA f = 5 MHz (Note 1) 
Vcc=5.5V; 

- 2 mA CE= V1H (O'C to 70'C) 
3 mA CE= VIH (-40'C to 85'C) 

100 µA CE= Vcc-0.3 to Vcc+1 

C 1994 Microchip Technology Inc. 



28C16A 

READ OPERATION AC Testing Waveform: VIH = 2.4V; VIL = 0.45V; V OH= 2.0V; VOL = o.av 
AC Characteristics Output Load: 1 TIL Load+ 100 pF 

Input Rise and Fall Times: 20 ns 
Ambient Temperature: Commercial (C): Tamb = o· Cto1o·c 

Industrial (I): Tamb = -40° c to as·c 

Parameter Sym 28C16A·15 28C16A·20 28C16A·25 Untts Conditions 

Min Max Min Max Min Max 

Address to Output Delay tACC - 150 - 200 - 250 ns OE=CE=VIL 

CE to Output Delay tee - 150 - 200 - 250 ns OE=VIL 

OE to Output Delay toe - 70 - 80 - 100 ns CE=VL 

-
CE or OE High to Output Float !OFF 0 50 0 55 0 70 ns 

O~ut Hold from Address, CE !OH 0 - 0 - 0 - ns 
or OE, whichever occurs first. 

READ WAVEFORMS 

VIH 
Address Address Valid 

VIL 

VIH 
CE 

VIL 

VtH 
OE 

VIL 
!OE(2) --

VOH 
HighZ Data Valid Output 

HighZ 

VOL 

VtH 
WE 

VIL 

Notes: (1) tOFF is specified for OE or CE, whichever occurs first 
(2) OE may be delayed up to tee· toe after the falling edge of CE without impact on tee 
(3) This parameter is sampled and is not 100% tested 

© 1994 Microchip Technology Inc. DS11125E-page 3 



28C16A 

BYTE WRITE 
AC Testing Waveform: VIH = 2.4V and VIL = 0.45V; v OH= 2.0V; VOL= 0.8V 

AC Characteristics 
Output Load: 1 TTL Load+ 100 pF 
Input Rise/Fall Times: 20ns 
Ambient Temperature: Commercial (C): Tamb = 0°Cto70°C 

Industrial (I): Tamb = -40°C to 85°C 

Parameter Symbol Min Max Units Remarks 

Address Set-Up Time tAS 10 - ns 

Address Hold Time tAH 50 - ns 

Data Set-Up Time tos 50 - ns 

Data Hold Time tDH 10 - ns 

Write Pulse Width tWPL 100 - ns Note 1 

Write Pulse High Time tWPH 50 - ns 

OE Hold Time tOEH 10 - ns 

OE Set-Up Time tOES 10 - ns 

Data Valid Time tov - 1000 ns Note2 

Write Cycle Time (28C16A) tv..c - 1 ms 0.5 ms typical 

Write Cycle Time (28C16AF) tv..c - 200 µs 100 µs typical 

Note: (1) A write cycle can be initiated be CE or WE going low, whichever occurs last. The data is latched on 
the positive edge of CE or WE, wichever occurs first. 

(2) Data must be valid within 1 OOOns max. after a write cycle is initiated and must be stable at least until 
toH after the positive edge of WE or CE, whichever occurs first. 

PROGRAMMING WAVEFORMS 

VIH 1 .. } Address 
VIL 

tAH 
VIH 

CE,WE 
VIL 

VIH 
Data In 

VIL 

VIH 
OE 

VIL 
tOEH 

OS11125E-page 4 C 1994 Microchip Technology Inc. 
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DATA POLLING WAVEFORMS 

VtH=x 
Address 

VtL 
Address Valid x fr ~ Last Written 

" '""" ___ __," '--___ !\ddress Valid 
IACC --

_ VtH 
WE 

VtL 

VtH 
OE 

VtL 

VtH ----+-, 
Data 

VtL ------<-~ 

tWPH 

toe 

1/070ut 

1..-------- twc -------------i~ 

CHIP CLEAR WAVEFORMS 

VIH --------~ 
CE 

VIL 

VH 

OE 
VIH --------~ 

VIH 
WE 

ts tH 
t--.---tw-----1~ 

tw = 10ms 

28C16A 

>C 

True Data Out 

VIL 
ts =tH = 1µs 

VH = 12.0V ±0.5V 

SUPPLEMENTARY CONTROL 

Mode CE OE WE A9 Vee 1/01 
ChJ2.Clear VIL VH VIL x Vee 
Extra Row Read VIL VIL VIH A9=VH Vee Data Out 
Extra Row Write . VIH . A9=VH Vee Data In 

Note: VH = 12.0V ±0.5V • Pulsed per programming waveforms. 

Cl 1994 Microchip Technology Inc. DS11125E-page 5 
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28C16A 

DEVICE OPERATION 

The Microchip Technology Inc. 28C16A has four basic 
modes of operation-read, standby, write inhibit, and 
byte write-as outlined in the following table. 

Operation Mode 

Read 
Standby 
Write Inhibit 
Write Inhibit 
Write Inhibit 
Byte Write 
Byte Clear 

X = Any TTL level. 

Read Mocte 

CE OE WE VO 

L L H Dour 
H x x HighZ 
H x x HighZ 
x L x HighZ 
x x H HighZ 
L H L DIN 

Automatic Before Each 'Write' 

The 28C16A has two control functions, both of which 
must be logically satisfied in order to obtain data at the 
outputs. Chip enable (CE) is the power control and 
should be used for device selection. Output Enable 
(OE) is the output control and is used to gate data to the 
output pins Independent of device selection. Assuming 
that addresses are stable, address access time (tAee) is 
equal to the delay from CE to output (tee). Data is 
available at the 01.rtput toe after the falling edge of OE, 
assuming that CE has been low and addresses have 
been stable for at least tAee-toE. 

Standby Mo!fe 

The 28C16A is placed in the standby mode by applying 
a high signal to the CE input. When in the standby mode, 
the ou~ts are in a high impedance state, independent 
of the OE input. 

Data Protection 

In order to ensure data integrity, especially du ring critical 
power-up and power-down transitions, the following 
enhanced data protection circuits are incorporated: 

First, an internal Vee detect (3.3 volts typical) will inhibit 
the initiation of non-volatile programming operation when 
Vee is less than the Vee detect circuit trip. 

DS11125E-page6 
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Second, there is a WE filtering circuit that prevents WE 
pulses of less than 1 O ns duration from initiating a write 
cycle. 

Third, holding WE or CE high or OE low, inhibits a write 
cycle during power-on and power-off (Vee). 

Write Mo!fe 

The 28C16A has a write cycle similar to that of a Static 
RAM. The write cycle is complete~lf-timed and 
initiated by a l~oing pulse on the WE pin. On the 
falling edge of WE, the address information is latched. 
On rising edge, the data and the control pins (CE and 
OE) are latched. 

DaiiPo!!lnq 

The 28C16A features Data polling to signal the comple
tion of a byte write cycle. During a write cycle, an 
attempted read of the last byte written results in the data 
complement of 1/07 (1/00 to 1/06 are indeterminable). 
After completion of the write cycle, true data is available. 
Data polling allows a simple read/compare operation to 
determine the status of the chip eliminating the need for 
external hardware. 

Electronlc Signature for Device Identification 

An extra row of 32 bytes of EEPROM memory is avail
able to the user for device identification. By raising A9 
to 12V ±0.5V and using address locations 7EO to 7FF, 
the additional bytes can be written to or read from in the 
same manner as the regular memory array. 

Chip Clear 

All data may be cleared to 1's in a ch!Q_Qlear ~le by 
raising OE to 12 volts and bringing the WE and CE low. 
This procedure clears all data, except for the extra row. 

0 1994 Microchip Technology Inc. 



28C16A 

NOTES: 

.. 

@ 1994 Microchip Technology Inc. DS11125E-page 7 
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28C16A 

SALES AND SUPPORT 
To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 

PART NUMBERS 

28C16AF T-15 I/P 

OS11125E-page 8 

Package: 

Temperature 
Range: 

Access Time: 

Shipping: 

Option: 

Device: 

J 
L 
p 

TS 
vs 

Blank 
I 

15 
20 
25 

Blank 
T 

F 

28C16A 

6-18 

Cerdip 
Plastic Leaded Chip Carrier (PLCC) 
Plastic DIP 
Thin Small Outline Package (TSOP) 8x20mm 
Very Small Outline Package (VSOP) 8x13.4mm 

o·c 1o1o·c 
-40"C to 85°C 

150 ns 
200ns 
250ns 

Tube 
Tape and Reel 'L' only 

=Iv«:= 1 ms 
= Iv«: = 200 µs 

2K x 8 CMOS EEPROM 

C 1994 Microchip Technology Inc. 



MICROCHIP 28C17A 
16K (2K x 8) CMOS EEPROM 

FEATURES 

• Fast Read Access Time--150 ns 
• CMOS Technology for Low Power Dissipation 

- 30 mA Active 
- 100 µA Standby 
Fast Byte Write Time--200 µs or 1 ms 
Data Retention > 1 o years 

• High Endurance - Minimum 104 Erase/Write Cycles 
• Automatic Write Operation 

- Internal Control Timer 
- Auto-Clear Before Write Operation 
- On-Chip Address and Data Latches 

• Data Polling 
• Ready/Busy 
• Chip Clear Operation 
• Enhanced Data Protection 

- Vee Detector 
- Pulse Filter 
- Write Inhibit 

• Electronic Signature for Device Identification 
• 5-Volt-Only Operation 
• Organized 2Kx8 JEDEC Standard Pinout 

- 28 Pin Dual-In-Line Package 
- 32-Pin Chip Carrier (Leadless or Plastic) 
- 28-Pin Thin Small Outline Package (TSOP) 

8x20mm 
- 28-Pin Very Small Outline Package (VSOP) 

8x13.4mm 
• Available for Extended Temperature Ranges: 

- Commercial: o·c to 70°C 
- Industrial: -40°C to 85°C 

DESCRIPTION 
The Microchip Technology Inc. 28C17A is a CMOS 16K 
non-volatile electrically Erasable PROM. The 28C17A 
is accessed like a static RAM for the read or write cycles 
without the need of external components. During a "byte 
write", the address and data are latched internally, 
freeing the microprocessor address and data bus for 
other operations. Following the initiation of write cycle, 
the device will go to a busy state and automatically clear 
and write the latched data using an internal control timer. 
To determine when the write cycle is complete, the user 
has a choice of monitoring the Ready/Busy output or 
using Data polling. The Ready/Busy pin is an open drain 
output, which allows easy configuration in wired-or sys
tems. Alternatively, Data polling allows the user to read 
the location last written to when the write operation is 
complete. CMOS design and processing enables this 
part to be used in systems where reduced power con
sumption and reliability are required. A complete family 
of packages is offered to provide the utmost flexibility in 
applications. 

© 1994 Microchip Technology Inc. 
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BLOCK DIAGRAM 

Data Protection 
Circuitry 

Chip Enable/ 
Output Enable 
Control Logic 

PIN CONFIGURATION 

RDY/BSY 
NC 

A6 
A5 

A3 
A2 

A1 

AO 

1/00 ••••••• 1/07 

Input/Output 
Buffers 

YGating 

16Kblt 
Cell Matrix 

• Pin 1 indicator on PLCC on top of package 
OE 1, ,28 A10 
NC2\ /21CE 
A93\ /261/07 

~ ~ \.l 1·/ : : WE 6 23 1104 

Vee 7 ------- ------- 22 1103 

ADY~6 ~ ------ TSOP :.------ ~ ~ 
:~ ~~ / \ 18 : 
A5 12 / \ 17 AO 
A4 13 / \, 16 A1 
A3 14 : ' 15 A2. 

BE 22 • 21 A10 
~ ~\ . ~ m 

ROY:~ \GSOP : !~ ~ 
NC 2 13 l/02 
A7 3 12 l/01 
A8 .. 11 l/00 
A5 5 ,,' ',, 10 All 
A4 6 ,' ', 9 A1 
A3 7, '8 A2. 
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28C17A 

ELECTRICAL CHARACTERISTICS 

MAXIMUM RATINGS* 

Vee and input voltages w.r.t. Vss ........ -0.6V to+ 6.25V 
Voltage on OE w.r.t. Vss ........................... -0.6V to+ 13.5V 
Voltage on A9 w.r.t. Vss ............................ -0.SV to +13.5V 
Output Voltage w.r.t. Vss .................... -0.6V to Vee+0.6V 
Storage temperature ............................ -65"C to 12s·c 
Ambient temp. with power applied ......... -so·c to 95"C 

•Notice: Stresses above those listed under"Maximum Ratings" 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at those or any 
other conditions above those indicated in the operation listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

READ I WRITE OPERATION 
DC Characteristics 

Parameter Status Symbol 

Input Voltages Logic '1' VIH 
Logic ·o· VIL 

Input Leakage - IU 

Input Capacitance - CIN 

Output Voltages Logic'1' VOH 
Logic ·o· VOL 

Output Leakage - ILO 

Output Capacitance - Cour 

Power Supply Current, Active TTL input ICC 

Power Supply Current, Standby TTL input leC(S)TTL 
TTL input lee(S)TTL 

CMOS input lee(S)eMOS 

Note: AC power supply current above 5 MHz: 1 mA/MHz 

OS 11127E-page 2 
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PIN FUNCTION TABLE 

Name Function 

AO-A10 Address Inputs 
CE Chip Enable 
OE Output Enable -
WE Write Enable 

1/00-1/07 Data Inputs/Outputs 
ROY/Busy Ready/Busy 

Vee +5V Power Supply 
Vss Ground 
NC No Connect; No Internal 

Connection 
NU Not Used; No External 

Connection is Allowed 

Vee= +5V ±10% 
Commercial (C): Tamb= o·cto 1o·c 
Industrial (I): Tamb= -40"C to as·c 

Min Max Units Conditions 

2.0 Vee+1 v 
-0.1 0.8 v 

-10 10 µA VIN= -0.1V to Vee+ 1 

- 10 pF VIN = OV; Tamb = 25"C; 
f= 1 MHz 

2.4 v IOH=-400µA 
0.45 v IOL=2.1 mA 

-10 10 µA VOllT = -0.1V to Vee+0.1V 

- 12 pF VIN = OV; Tamb = 25"C; 
f= 1 MHz 

- 30 mA f = 5 MHz (Note 1) 
Vee=5.5V; 

- 2 mA CE= V1H (O"C to 70"C) 
3 mA CE= VIH (-40'C to 85°C) 

100 µA CE= Vee-0.3 to Vee+1 

Cl> 1994 Microchip Technology Inc. 



28C17A 

READ.OPERATION AC Testing Waveform: VIH = 2.4V; VIL = 0.45V; V OH= 2.0V; VOL = o.av 
AC Characteristics Output Load: 1 TTL Load+ 100 pF 

Input Rise and Fall Times: 20 ns 
Ambient Temperature: Commercial (C): Tamb = 0°Cto 70°C 

Industrial (I): Tamb = -40°C to 85"C 

Parameter Sym 28C17A-15 28C17A-20 28C17A-25 Units Conditions 

Min Max Min Max Min Max 

Address to Output Delay tACC - 150 - 200 - 250 ns OE=CE=VIL 

CE to Output Delay tee - 150 - 200 - 250 ns OE=VIL 

-
OE to Output Delay toe - 70 - 80 - 100 ns CE=VL 

CE or OE High to Output Float tOFF 0 50 0 55 0 70 ns 

Output Hold from Address, CE tOH 0 - 0 - 0 - ns 
or OE, whichever occurs first. 

READ WAVEFORMS 

VIH 
Address Address Valid 

VIL 

VIH 
CE 

VIL 

VIH 
OE 

VIL 
tOe(2) --

VOH 
HighZ Data HighZ 

Valid Output 
VOL 

VIH 
WE 

VOL 

Notes: (1) tOFF is specified for OE or CE, whichever occurs first 
(2) OE may be delayed up to tee - toe after the falling edge of CE without impact on tee 
(3) This parameter is sampled and is not 100% tested 

e 1994 Microchip Technology Inc. 
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28C17A 

BYTE WRITE 
AC Testing Waveform: VIH = 2.4V and VIL = 0.45V; V OH= 2.0V; v OL = o.av 
Output Load: 1 TTL Load + 100 pF 

AC Characteristics Input Rise/Fall Times: 20ns 
Ambient Temperature: Commercial {C): Tamb = O'Cto 70'C 

Industrial {I): Tamb = -40'C to 85'C 

Parameter Symbol Min Max Units Remarks 

Address Set-Up Time tAS 10 - ns 

Address Hold Time tAH 50 - ns 

Data Set-Up Time tos 50 - ns 

Data Hold Time tDH 10 - ns 

Write Pulse Width tWPL 100 - ns Note 1 

Write Pulse High Time tWPH 50 - ns 

OE Hold Time tOEH 10 - ns 

OE Set-Up nme tOES 10 - ns 

Data Valid Time trw - 1000 ns Note2 

Time to Device Busy too 2 50 ns 

Write Cycle Time (28C17A) tw:: - 1 ms 0.5 ms typical 

Write Cycle Time {28C17AF) tw:: - 200 µs 100 µs typical 

Note: {1) A write cycle can be initiated be CE or WE going low, whichever occurs last. The data is latched on 
the positive edge of CE or WE, wichever occurs first. 

(2) Data must be valid within 1000ns max. after a write cycle is initiated and must be stable at least until 
toH after the positive edge of WE or CE, whichever occurs first. 

PROGRAMMING WAVEFORMS 

~>t-tA ,_ -tAH_}~-
VIH 

Address 
VIL 

VIH 
CE,WE 

VIL 

VIH 
Data In 

VIL 

tOES 
VIH 

OE 
VIL 

tOEH 

VOH 
Ady/Busy 

VOL 
1-----twc 

DS11127E-page 4 C 1994 Microchip Technology Inc. 

6-22 



28C17A 

DATA POLLING WAVEFORMS 

VIH =>< Address 
VIL 

Address Valid X.._ ___ --Jf ( ~ ~~~:"~=~ )C 
'----q't-ACC--=.===...:.=-~ 

_ VIH 
WE 

VIL 

IWPH 

toe 
V1H -r-r-r-r--i----~~o-"<"""'<"'"~<""""'1:""""'"'7/~<""""'I:""'<"""\. 

OE 
VIL 

V1H ----+--... 
Data 

VIL----+-' 

CHIP CLEAR WAVEFORMS 

VIH --------~ 
CE 

VIL 

VH 

OE 
VIH ----------' 

ts 
----- tw __ __,,.., 

VIH -----------~• 
WE 

VIL 

SUPPLEMENTARY CONTROL 

Mode CE OE WE A9 
Ch.!Q_Clear VIL VH VIL x 
Extra Row Read VIL VIL VIH A9=VH 
Extra Row Write . VIH . A9=VH 

Note: VH = 12.0V ±0.5V * Pulsed per programming waveforms. 

C 1994 Microchip Technology Inc. 
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tH 

tw = 10ms 
ts =IH = 1µs 

VH = 12.0V ±0.5V 

Vee 1101 
Vee 
Vee Data Out 
Vee Data In 

DS11127E-page 5 
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28C17A 

DEVICE OPERATION 

The Microchip Technology Inc. 28C17A has four basic 
modes of operation-read, standby, write inhibit, and 
byte write-as outlined in the following table. 

Operation Mode CE OE WE 1/0 Rdy/Busy(1) 

Read L L H Dour H 
Standby H x x HighZ H 
Write Inhibit H x x HighZ H 
Write Inhibit x L x HighZ H 
Write Inhibit x x H HighZ H 
Byte Write L H L DtN L 
Byte Clear Automatic Before Each "Write• 

Note: (1) Open dram output. 
(2) X = Any TIL level. 

Bead Mode 

The 28C17A has two control functions, both of which 
must be logically satisfied in order to obtain data at the 
outputs. Chip enable (CE) is the power control and 
should be used for device selection. Output Enable (OE) 
is the output control and is used to gate data to the output 
pins independent of device selection. Assuming that 
addresses are stable, address access time (tAcc) equal 
to the delay from CE to output (tee). Data is available at 
the output toe after the falling edge of OE, assuming that 
CE has been low and addresses have been stable for at 
least IACC-tOE. 

Standby Mode 

The 28C17 A is placed in the standby mode by applying 
a high signal to the CE input. When in the standby mode, 
the outputs are in a high impedance state, independent 
of the OE input. 

Data Protection 

In order to ensure data integrity, especially during critical 
power-up and power-down transitions, the following 
enhanced data protection circuits are incorporated: 

First, an internal Vee detect (3.3 volts typical) will inhibit 
the initiation of non-volatile programming operation when 
Vee is less than the Vee detect circuit trip. 

DS11127E-page 6 
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Second, there is a WE filtering circuit that prevents WE 
pulses of less than 1 o ns duration from initiating a write 
cycle. 

Third, holding WE or CE high or OE low, inhibits a write 
cycle during power-on and power-off (Vee). 

Write Mode 

The 28C17A has a write cycle similar to that of a Static 
RAM. The write cycle is complete1UeH-timed and 
initiated by a l~oing pulse on the WE pin. On the 
falling edge of WE, the address information is latched. 
On rising edge, the data and the control pins (CE and 
OE) are latched. The Ready/Busy pin goes to a logic low 
level indicating that the 28C17A is in a write cycle which 
signals the microprocessor host that the system bus is 
free for other activity. When Ready/Busy goes back to 
a high, the 28C17 A has completed writing and is ready 
to accept another cycle. 

Dai8 Polllng 

The 28C17 A features Data polling to signal the comple
tion of a byte write cycle. During a write cycle, an 
attempted read of the last byte written results in the data 
complement of 1/07 (1/00 to 1/06 are indeterminable). 
After completion of the write cycle, true data is available. 
Data polling allows a simple read/compare operation to 
determine the status of the chip eliminating the need for 
external hardware. 

Electronic Signature for Device Identification 

An extra row of 32 bytes of EEPROM memory is avail
able to the user for device identification. By raising A9 
to 12V ±0.SV and using address locations 7EO to 7FF, 
the additional bytes can be written to or read from in the 
same manner as the regular memory array. 

Chip Clear 

All data may be cleared to 1's in a chiEE_lear ~e by 
raising OE to 12 volts and bringing the WE and CE low. 
This procedure clears all data, except for the extra row. 

0 1994 Microchip Technology Inc. 



28C17A 

NOTES: 
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28C17A 

SALES AND SUPPORT 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 

PART NUMBERS 

28C17AF T • 15 I/ P 

DS11127E-page 8 

Package: 

Temperature 
Range: 

Access Time: 

Shipping: 

Option: 

Device: 

J 
L 
p 

so 
TS 
vs 

Blank 
I 

15 
20 
25 

Blank 
T 

F 

28C17A 
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Cerdip 
Plastic Leaded Chip Carrier (PLCC) 
Plastic DIP 
Plastic Small Outline IC 
Thin Small Outline Package (TSOP) 8x20mm 
Very Small Outline Package (VSOP) Bx13.4mm 

o·c 101o·c 
-40"C to BS"C 

150 ns 
200 ns 
250 ns 

Tube 
Tape and Reel "L' and ·so• 

=tvle=1ms 
= \Vic = 200 µs 

2K x 8 CMOS EEPROM 

© 1994 Microchip Technology Inc. 



MICROCHIP 28C64A 
64K (SK x 8) CMOS EEPROM 

FEATURES 

• Fast Read Access Time-150 ns 
• CMOS Technology for Low Power Dissipation 

- 30 mA Active 
- 100 µA Standby 

• Fast Byte Write Time-200 µs or 1 ms 
• Data Retention > 1 O years 
• High Endurance - Minimum 1Cl4 Erase/Write Cycles 
• Automatic Write Operation 

- Internal Control Timer 
- Auto-Clear Before Write Operation 
- On-Chip Address and Data Latches 

• Data Polling 
• Ready/Busy 
• Chip Clear Operation 
• Enhanced Data Protection 

- Vee Detector 
- Pulse Filter 
- Write Inhibit 

• Electronic Signature for Device Identification 
• 5-Volt-Only Operation 
• Organized 8Kx8 JEDEC Standard Pinout 

- 28-pin Dual-In-Line Package 
- 32-pin Chip Carrier (Leadless or Plastic) 
- 28-pin Thin Small Outline Package (TSOP) 

8x20mm 
- 28-pin Very Small Outline Package (VSOP) 

8x13.4mm 
• Available for Extended Temperature Ranges: 

- Commercial: o·c to 70°C 

DESCRIPTION 
The Microchip Technology Inc. 28C64A is a CMOS 64K 
non-volatile electrically Erasable PROM. The 28C64A is 
accessed like a static RAM for the read or write cycles 
without the need of external components. During a "byte 
write", the address and data are latched internally, freeing 
the microprocessor address and data bus for other opera
tions. Following the initiation of write cycle, the device will 
go to a busy state and automatically clear and write the 
latched data using an internal control timer. To determine 
when the write cycle is complete, the user has a choice of 
monitoring the Ready/Busy output or using Data polling. 
The Ready/Busy pin is an open drain output, which allows 
~ configuration in wired-or systems. Alternatively, 
Data polling allows the user to read the location last 
written to when the write operation is complete. CMOS 
design and processing enables this part to be used in 
systems where reduced power consumption and reliabil
ity are required. A complete family of packages is offered 
to provide the utmost flexibility in applications. 

© 1994 Microchip Technology Inc. 
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BLOCK DIAGRAM 

v 
Data Protection 

Circuit 
Chip Enable/ 

Output Enable 
Control Logic 

Auto Erase/Write 
Timing 

PIN CONFIGURATION 

l/00 ..••••• 007 

lf"IJUl/Ou1put 
Buffe!S 

y Gating 

64Kbit 
Cell Matrix 

• Pin 1 indicator on PLCC on top of package 
OE 1.. • 28 A10 

A11 2 " / 27 CE 
A93\ /261/07 

~ L.:·~:1 TSOP 1~~---- ~ ~ 
ADY~~~ : HUH ------ ~~ ~~ 

A7 10 : . \ 19 V01 
A6 11 i ' 18 voo 
AS 12 / 17 AO 
A4 13 / 16 A1 
A3 14 1 "15 A2 

5E 22' 21 A10 
A11 23 .' 20 ce 
A9 24 

I~::J 
19 V07 

A8 25 18 l/06 
NC 28 17 VOS 
we 27 16 V04 

.lll<l< 28 15 V03 
RDY/BSY 1 14 v .. 

A12 2 13 V02 
A7 3 12 V01 
A6 4 11 voo 
AS 5 10 AO 
A4 6 ,' ', 9 A1 
A3 7 8 A2 
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28C64A 

ELECTRICAL CHARACTERISTICS 

MAXIMUM RATINGS* 

Vee and input voltages w.r.t. Vss ........ -0.6V to+ 6.25V 
Voltage on OE w.r.t. Vss ........................... -0.SV to +13.5V 
Voltage on A9 w.r.t. Vss ............................ -0.SV to +13.SV 
Output Voltage w.r.t. Vss .................... -0.6V to Vcc+0.6V 
Storage temperature .•.••....................... -65"C to 125"C 
Ambient temp. with power applied •........ -so·c to ss·c 

*Notice: Stresses above those listed under"Maximum Ratings" 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device atthose or any 
other conditions above those indicated in the operation listings 
of this specification Is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

READ I WRITE OPERATION 
DC Characteristics 

Parameter Status Symbol 

Input Voltages Logic '1' VIH 
Logic ·o· VIL 

Input Leakage - IU 

Input Capacitance - CIN 

Output Voltages Logic '1' VOH 
Logic •o• VOL 

Output Leakage - ILO 

Output Capacitance - Coor 

Power Suppy Current, Active TTL input Ice 

Power Supply Current, Standby TTL input leC(S)TTI. 
TTL input ICC(S)TTI. 

CMOS input leC(S)CMOS 

Note: (1) AC power supply current above 5 MHz: 2 mA/MHz. 
(2) Not 100% tested. 

DS11109F-page 2 
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PIN FUNCTION TABLE 

Name Function 

AO-A12 Address Inputs 
CE Chip Enable 
OE Output Enable 
WE Write Enable 

1/00-1/07 Data Inputs/Outputs 
ROY/Busy Ready/Busy 

Vee +5V Power Supply 
Vss Ground 
NC No Connect; No Internal Connection 
NU Not Used; No External Connection is 

Allowed 

Vee= +5V ±10% 
Commercial (C): Tamb= O"Cto70"C 
Industrial (1): Tamb= -40°C to 85"C 

Min Max Units Conditions 

2.0 Vec+1 v 
-0.1 0.8 v 

-10 10 µA VIN= -0.1V to Vee+1 

- 10 pf VIN = OV; Tamb = 25"C; 
f = 1 MHz (Note 2) 

2.4 v IOH=-400µA 
0.45 v IOL=2.1 mA 

-10 10 µA Vour = -0.1Vto Vee+0.1V 

- 12 pf VIN = OV; Tamb = 25"C; 
f = 1 MHz (Note 2) 

- 30 mA f = 5 MHz (Note 1) 
Vee=5.5V; 

- 2 mA CE= VIH (O"C to 70"C) 
3 mA CE= VIH (-40"C to 85"C) 

100 µA CE= Vcc-0.3 to Vcc+1 

C 1994 Microchip Technology Inc. 



28C64A 

READ OPERATION AC Testing Waveform: VIH = 2.4V; VIL = 0.45V; v OH= 2.0V; VOL = o.av 
AC Characteristics Output Load: 1 TTL Load+ 100 pF 

Input Rise and Fall Times: 20ns 
Ambient Temperature: Commercial (C): Tamb = O"Cto 70"C 

Industrial (I): Tamb = -40·c to ss·c 

Parameter Sym 28C64A-15 28C64A-20 28C64A-25 Units Conditions 

Min Max Min Max Min Max 

Address to Output Delay tACC - 150 - 200 - 250 ns OE=CE=VIL 

CE to Output Delay tee - 150 - 200 - 250 ns OE=VIL 

OE to Output Delay tOE - 70 - 80 - 100 ns CE=VL 

CE or OE High to Output Float tOFF 0 50 0 55 0 70 ns Note 1 

Output Hold from Address, CE tOH 0 - 0 - 0 - ns Note 1 
or OE, whichever occurs first. 

Note: (1) Not 100% tested. 

READ WAVEFORMS 

VIH 
Address Address Valid 

VIL 

VIH 
CE 

VIL 

VIH 
OE 

VIL 
tOE(2) --

VOH 
HighZ Data HighZ 

Valid Output 
VOL 

VIH ----- tACC ----~1 
WE 

VL 

Notes: (1) toFF is specified for OE or CE, whichever occurs first 
(2) OE may be delayed up to tCE - toE after the falling edge of CE without impact on tcE 
(3) This parameter is sampled and is not 100% tested 

C 1994 Microchip Technology Inc. 
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28C64A 

BYTE WRITE AC Testing Wavefonn: VIH = 2.4V and VIL = 0.45V; V OH= 2.0V; VOL= 0.8V 

AC Characteristics 
Output Load: 1 TTL Load+ 100 pF 
Input Rise/Fall Times: 20ns 
Ambient Temperature: Commercial (C): Tamb = o·cto1o·c 

Industrial {I): Tamb = -40·c to ss·c 

Parameter Symbol Min Max Units Remarks 

Address Set-Up Time tAS 10 - ns 

Address Hold Time tAH 50 - ns 

Data Set-Up Time tDS 50 - ns 

Data Hold Time tOH 10 - ns 

Write Pulse Width tWPL 100 - ns Note 1 

Write Pulse High Time tWPH 50 - ns 

OE Hold Time tOEH 10 - ns 

OE Set-Up Time tOES 10 - ns 
Data Valid Time trN - 1000 ns Note2 

Time to Device Busy till 2 50 ns 

Write Cycle Time (28C64A) tw:: - 1 ms .0.5 ms typical 

Write Cycle Time (28C64AF) tw:: - 200 µs 1 oo µs typical 

Note: {1) A write cycle can be initiated be CE or WE going low, whichever occurs last. The data is latched on 
the positive edge of CE or WE, wichever occurs first. 

(2) Data must be valid within 1000ns m~after a write cycle is initiated and must be stable at least until 
tOH after the positive edge of WE or CE, whichever occurs first. 

PROGRAMMING WAVEFORMS 

-~-t ~ -tAH_r--

VIH 
Address 

VIL 

VIH 
CE,WE 

VIL 

VIH 
Data In 

VIL 

VIH 
OE 

VIL 
tOEH 

VOH 
Ady/Busy 

VOL 
.-----twc 

DS11109F-page 4 C 1994 Microchip Technology Inc. 
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DATA POLLING WAVEFORMS 

VIH=x 
Address 

V1L 
Address Valid x f r ~ Last Written 

. ~· ----~ ~--- Address Valid 
IACC --

_ VIH 
WE 

VIL 

V1H 
OE 

VIL 

V1H -----1~ 
Data 

VIL 

IWPH 

!OE 

l/070ut 

,.._ ________ !we --------------i 

CHIP CLEAR WAVEFORMS 

VIH --------~ 
CE 

VIL 

VH 

OE 
VIH --------~ 

ts 

VIH ------------,1 
WE 

tH 
~--- tw ----I~ 

tw = 10ms 

28C64A 

>C 

True Data Out 

VIL 
ts =tH = 1µs 
VH = 12.0V ±0.SV 

SUPPLEMENTARY CONTROL 

Mode CE OE WE A9 Vee V01 
C~Clear VIL VH VIL x Vee 

Extra Row Read VIL VIL VIH A9=VH Vee Data Out 
Extra Row Write . VIH . A9=VH Vee Data In 

Note: VH = 12.0V ±0.SV • Pulsed per programming waveforms. 

C> 1994 Microchip Technology Inc. OS 11109F-page 5 
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28C64A 

DEVICE OPERATION 

The Microchip Technology Inc. 28C64A has four basic 
modes of operation-read, standby, write inhibit, and 
byte write-as outlined in the following table. 

Operation Mode CE OE WE 1/0 Rdy/Busy(1) 

Read L L H Dour H 
Standby H x x HighZ H 
Write Inhibit H x x HighZ H 
Write Inhibit x L x HighZ H 
Write Inhibit x x H HighZ H 
Byte Write L H L DIN L 
Byte Clear Automatic Before Each "Write" 

Note: (1) Open dram output. 
(2) X = Any TTL level. 

Read Mode 

The 28C64A has two control functions, both of which 
must be logically satisfied in order to obtain data at the 
outputs. Chip enable (CE) is the power control and 
should be used for device selection. Output Enable (OE) 
is the output control and is used to gate data to the output 
pins independent of device selection. Assuming that 
addresses are stable, address access time (tAee) is 
equal to the delay from CE to output (teE). Data is 
available at the output tOE after the falling edge of OE, 
assuming that CE has been low and addresses have 
been stable for at least tAee-toE. 

Standby Mode 

The 28C64A is placed in the standby mode by applying 
a high signal to the CE input. When in the standby mode, 
the ou!E!!!_ts are in a high impedance state, independent 
of the OE input. 

Data Protection 

In order to ensure data integrity, especially during critical 
power-up and power-down transitions, the following 
enhanced data protection circuits are incorporated: 

First, an internal Vee detect (3.3 volts typical) will inhibit 
the initiation of non-volatile programming operation when 
Vee is less than the Vee detect circuit trip. 
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Second, there is a WE filtering circuit that prevents WE 
pulses of less than 1 O ns duration from initiating a write 
cycle. 

Third, holding WE or CE high or OE low, inhibits a write 
cycle during power-on and power-off (Vee). 

Write Mode 

The 28C64A has a write cycle similar to that of a Static 
RAM. The write cycle is completeluelf-timed and 
initiated by a l~oing pulse on the WE pin. On the 
falling edge of WE, the address information is latched. 
On rising edge, the data and the control pins (CE and 
OE) are latched. The Ready/Busy pin goes to a logic low 
level indicating that the 28C64A is in a write cycle which 
signals the microprocessor host that the system bus is 
free for other activity. When Ready/Busy goes back to 
a high, the 28C64A has completed writing and is ready 
to accept another cycle. 

Data Polling 

The 28C64A features Data polling to signal the comple
tion of a byte write cycle. During a write cycle, an 
attempted read of the last byte written results in the data 
complement of 1/07 (1/00 to 1/06 are indeterminable). 
After completion of the write cycle, true data is available. 
Data polling allows a simple read/compare operation to 
determine the status of the chip eliminating the need for 
external hardware. 

Electronic Signature for Device Identification 

An extra row of 32 bytes of EEPROM memory is avail
able to the user for device identification. By raising A9 
to 12V ±0.SV and using address locations 1 FEO to 
1 FFF, the additional bytes can be written to or read from 
in the same manner as the regular memory array. 

Chip Clear 

All data may be cleared to 1 's in a chiQ..flear CEie by 
raising OE to 12 volts and bringing the WE and CE low. 
This procedure clears all data, except for the extra row. 

© 1994 Microchip Technology Inc. 



28C64A 

NOTES: 

II 
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28C64A 

SALES AND SUPPORT 

To order or to obtain infonnation, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 

PART NUMBERS 

28C64AF T - 15 I/ P 

OS 11109F-page 8 

Package: 

Temperature 
Range: 

Access Time: 

Shipping: 

Option: 

Device: 

J 
L 
p 

so 
TS 
vs 

Blank 
I 

15 
20 
25 

Blank 
T 

Blank 
F 
x 

28C64A 

6-34 

Cerdip 
Plastic Leaded Chip carrier (PLCC) 
Plastic DIP 
Plastic Small Outline IC 
Thin Small Outline Package (TSOP) 8x20mm 
Very Small Outline Package (VSOP) 8x13.4mm 

o·c to70'C 
-40'C to a5·c 

150 ns 
200ns 
250ns 

Tube 
Tape and Reel 'L' and 'SO' 

=IWC = 1 ms 
=IWC =200µs 
Pin 1 NC (Pin 2 PLCC), twc = 1 ms 

SK x 8 CMOS EEPROM 

C 1994 Microchip Technology Inc. 



MICROCHIP 

EPROM 
27C64 
27LV64 
27C128 
27C256 
27HC256 
27LV256 
27HC1616 
27C512 
27C512A 
27LV512 
37LV36/65/128 
EPROM 
EPROM 

© 1994 Microchip Technology Inc. 
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MICROCHIP EPROMs 
EPROM Selection Guide 

CMOSEPROMs 

PART QTP ACCESS SUPPLY TEMP STANDBY 
NUMBER AVAIL. SIZE ORG TIME (ns) VOLTAGE PACKAGE RANGE CURRENT 

27C64 YES 64K BKxB 120-250 +5V J,K,L,P,SO,TS C,I 2mA/100µA 

27C12B YES 12BK 16KxB 120-250 +5V J,K,L.P,SO C,I 2mA/100µA 

27C256 YES 256K 32KxB 90-200 +5V J,K,L,P,SO,TS,VS C,l,E 2mA/100µA 

27C512 YES 512K 64KxB 90-200 +5V J,K,L,P,SO,TS,VS C,l,E 2mA/100µA 

27C512A YES 512K 64KxB 70-150 +5V J,K,L,P,SO,TS,VS C,l,E 2mA/30µA 

27LV64 YES 64K BKxB 200-300 +3Vto+5V J,K,L,P,SO,TS C,I 1mA/100µA 

27LV256 YES 256K 32KxB 200-300 +3Vto +5V J,K,L,P,SO,TS,VS C,I 1mA/100µA 

27LV512 YES 512K 64KxB 200-300 +3Vto+5V J,K,L,P,SO,TS,VS C,I 1mA/100µA 

27HC256 NO 256K 32KxB 55-90 +5V J,K,L,P,SO,TS,VS C,l,E 35mA 

27HC256L NO 256K 32KxB 90 +5V J,K,L,P,SO,TS,VS C,I 2mA/100µA 

27HC1616 NO 256K 16Kx 16 55-70 +5V 40J, 44K C,I 50mA 

PACKAGES 
p = Plastic DIP J = Ceramic DIP L = PLCC K = Ceramic LCC • SN = .150' Bid SOIC SM = .207' Bid SOIC SL = .150" 141d SOIC so = .300" 2Bld SOIC 
s = Dice in Wafflepack w = Dice in Wafer Form TS = 2Bld TSOP (Bx20mm) 

vs = 2Bld VSOP (Bx13.4mm) 

• Endurance is guaranteed to 1 OK cycles at extended (-40°C to+ 125°C) temperature. 

NOTE: NOT ALL COMBINATIONS OF SPEEDITEMPERATURE RANGE/PACKAGE/ETC. ARE AVAILABLE. 
CONSULT FACTORY FOR SPECIFIC PART INFORMATION. 

© 1994 Microchip Technology Inc. DS21 OB9A-page 1 
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MICROCHIP 27C64 
64K (SK x 8) CMOS EPROM 

FEATURES 

• High speed performance 
-120 ns access time available 

• CMOS Technology for low power consumption 
-20 mA Active current 
-100 µA Standby current 

• Factory programming available 
• Auto-insertion-compatible plastic packages 
• Auto ID aids automated programming 
• Separate chip enable and output enable controls 
• High speed 'express' programming algorithm 
• Organized BK x B: JEDEC standard pinouts 

-2B-pin Dual-in-line package 
-32-pin Chip carrier (leadless or plastic) 
-2B-pin SOIC package 
-2B-pin TSOP package 
-Tape and reel 

• Available for the following temperature ranges: 
-Commercial: 0°C to 70°C 
-Industrial: -40°C to 85°C 
-Automotive: -40°C to 125°C 

PIN CONFIGURATIONS 

DESCRIPTION 

The Microchip Technology Inc. 27C64 is a CMOS 64K 
bit (electrically) Programmable Read Only Memory. The 
device is organized as BK words by 8 bits (BK bytes). 
Accessing individual bytes from an address transition or 
from power-up (chip enable pin going low) is accom
plished in less than 120 ns. CMOS design and process
ing enables this part to be used in systems where 
reduced power consumption and high reliability are 
requirements. 

A complete family of packages is offered to provide 
the most flexibility in applications. For surface mount 
applications, PLCC, SOIC, or TSOP packaging is 
available. Tape and reel packaging is also available 
for PLCC or SOIC packages. UV erasable versions 
are also available. 

Top View 

00 

01 
02 
Vss 

DIP/SOIC 

Vee 
PGM 

NC 

AB 
A9 

A11 
OE 

07 
06 

05 
04 
03 

© 1994 Microchip Technology Inc. 

A6 E1~Jt~Jl'.:'J~jt!:1Jl~Ji~Jfjj AB 

AS ~J f_2j A9 
A4 .!J f_2J A11 
A3 _ii~j fjj NC 
A2 _iJ fjj ~ 
A1 j§j fj~ A10 
AO jj"j f_2j CE 
NC jjj f_E 07 
00 jjj f.ii 06 

r;1r;:r;1r:::1ri1:;1 rg: 

PLCCILCC 

OE 1. ,28 A10 
A11 2 ,' 27 CE 
~ 3 : ~ ID 
AB4 / 2506 

~ ,i::::] r::: ~ ; 
~ 11 : '-----------' \ :: ~ 
AS 12 \ 17 AO 
Mg \reM 
A3 14' \15 A2 

TSOP 
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27C64 

PIN FUNCTION TABLE 

Name Function 

AO· A12 Address Inputs 
CE Chip Enable 
OE Output Enable 
PGM Program Enable 
VPP Programming Voltage 
00-07 Data Output 
Vee +5V Power Supply 
Vss Ground 
NC No Connection; No Internal 

Connections 
NJ Not Used; No External 

Connection Is Allowed 

READ OPERATION 
DC Characteristics 

Parameter Part* Status Symbol 

Input Voltages an Logic '1' VIH 
Lqg!c ·o· VIL 

Input Leakage an - lu 

Output Voltages all Logic '1" VOH 
Logic •o• VOL 

Output Leakage all - ILO 

Input Capacitance all - CIN 

Output Capacitance all - CouT 

Power Supply Current, c TTL input lee1 
Active l,E TTL input lee2 

Power Supply Current, c TTL input lee(S) 
Standby l,E TTL input -

an CMOS iflJJUt -
I PP Read Current all Read Mode IPP 
VPP Read Voltl!Q_e all Read Mode VPP 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings* 

Vee and input voltages w.r.t. Vss .......... -0.6V to +7.25V 
VPP voltage w.r.t. Vss during 
programming ....................................... -0.6V to +14V 

Voltage on A9 w.r.t. Vss ............................ -0.SV to +13.5V 
Output voltage w.r.t. Vss .................... -0.6V to Vee + 1.0V 
Storage temperature ............................ -65°C to 15o·c 
Ambient temp. with power applied ....... -65°C to 125°C 

*Notice: Stresses above those listed under "Maximum Ratings• 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at those or any 
other conditions above those indicated in the operation listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

Vee= +5V ±10% 
Commercial: Tamb= o·cto1o·c 
Industrial: Tamb= -40'C to ss·c 
Extended (Automotive): Tamb= -40'C to 125·c 

Min Max Units Conditions 

2.0 Vee+1 v 
-0.5 0.8 v 
-10 10 µA VIN= Oto Vee 

2.4 v IOH= -400 µA 
0.45 v IOL=2.1 mA 

-10 10 µA VOUT = ov to Vee 

- 6 pF VIN = OV; Tamb = 25°C; 
f = 1 MHz 

- 12 pF VOUT = OV; Tamb= 25'C; 
f= 1 MHz 

- 20 mA Vee = 5.5V; VPP = Vee; 
- 25 mA f= 1 MHz; 

OE=CE=VIL; 
lout= O mA; 
VIL = -0.1 to 0.8V; 
VIH = 2.0 to Vee; 
Note 1 

- 2 mA 
- 3 mA 
- 100 µ)\_ CE= Vee ±0.2V 

100 µA VPP=5.5V 
Vcc-0.7 Vee v Note2 

*Parts: C =Commercial Temperature Range; I, E =Industrial and Extended Temperature Ranges 
Notes: (1) Active current increases 8 mA per MHz up to operating frequency for all temperature ranges. 

(2) Vee must be applied before VPP, and be removed simultaneously or after VPP. 

OS 111071-page 2 © 1994 Microchip Technology Inc. 
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27C64 

READ OPERATION 
AC Testing Waveform: VIH = 2.4 v and VIL = 0.45V; V OH = 2.0V VOL =0.8V 
Output Load: 1 TIL Load+ 100 pF 

AC Characteristics Input Rise and Fall Times: 10 ns 
Ambient Temperature: Commercial: Tamb= o·cto1o·c 

Industrial: Tamb = -40°C to s5·c 
Extended (Automotive): Tamb= 

Parameter Sym 27C64-12 27C64-15 27C64-17 27C64-20 27C64-25 Units 

Min Max Min Max Min Max Min Max Min Max 

Address to Output Delay tACC - 120 - 150 - 170 - 200 - 250 ns 

-
CE to Output Delay ICE - 120 - 150 - 170 - 200 - 250 ns 

-
OE to Output Delay !OE - 65 - 70 - 70 - 75 - 100 ns 

CE or OE to O/P High tOFF 0 50 0 50 0 50 0 55 0 60 ns 
Impedance 

Output Hold fro!!!_ !OH 0 - 0 - 0 - 0 - 0 - ns 
Address CE or OE, 
whichever occurs first 

READ WAVEFORMS 

VIH 
Address Address Valid 

VIL 

VIH 
CE 

VIL 
!CE(2) 

VIH 

OE 
VIL 

Outputs 
VOH 

HighZ 
00-07 

VOL 
Valid Output 

----- tAcc ---~ 

Notes: (1) tOFF is specified for OE or CE, whichever occurs first 
(2) OE may be delayed up to tee - toe after the falling edge of CE without impact on tee 
(3) This parameter is sampled and is not 100% tested. 

© 1994 Microchip Technology Inc. 
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-4o·c to 125·c 

Conditions 

CE=OE=VIL 

-
OE=VIL 

CE=VL 

HighZ 
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27C64 

PROGRAMMING Ambient Temperature: Tamb = 2S°C ±S°C 

DC Characteristics Vee= 6.SV ± 0.2SV, VPP = VH = 13.0V ± 0.2SV 

Parameter Status Symbol Min Max Units Conditions 

Input Voltages Logic "1' VIH 2.0 Vcc+1 v 
Logic "O' VIL -0.1 0.8 v 

Input Leakage - lu -10 10 µA VIN= ov to Vee 

Output Voltages Logic '1' VOH 2.4 - v IOH = -400 µA 
Logic ·o· Va.. - 0.4S v IOL=2.1 mA 

Vee Current, program & verify - lee2 - 20 mA Note 1 

VPP Current.program - IPP2 - 2S mA Note 1 

A9 Product Identification - VH 11.S 12.S v 

Note: (1) Vee must be applied simultaneously or before VPP and removed simultaneously or after VPP 

PROGRAMMING AC Testing Waveform: VIH = 2.4V and VIL = 0.4SV; V OH= 2.0V; VOL= o.av 
AC Characteristics Ambient Temperature: Tamb = 2S°C ±S°C 
for Program, Program Verify Vee = 6.SV ± 0.2SV, VPP = VH = 13.0V ± 0.2SV 
and Program Inhibit Modes 

Parameter Symbol Min Max Units Remarks 

Address Set-Up Time !AS 2 - µs 

Data Set-Up Time IDS 2 - µs 

Data Hold Time !OH 2 - µs 

Address Hold Time !AH 0 - µs 

Float Delay (2) IDF 0 130 ns 

Vee Set-Up Time Ives 2 - µs 

Program Pulse Width (1) !PW 9S 10S µs 100 µs typical 

-
CE Set-Up Time ICES 2 - µs 

OE Set-Up Time tOES 2 - µs 

VPP Set-Up nme IVPS 2 - µs 

-
Data Valid from OE !OE - 100 ns 

Notes: (1) For express algorithm, initial programming width tolerance is 100 µs ±S%. 
(2) This parameter is only sampled and not 100% tested. Output float is defined as the point where data 

is no longer driven (see timing diagram). 

DS111071-page 4 © 1994 Microchip Technology Inc. 
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PROGRAMMING 
Waveforms (1) 

Address 

Data 

VPP 
5.0V 

Vee 
5.0V 

VIH 
CE 

Vil 

VIH 
PGM 

VIL 

VIH 
OE 

VIL 

27C64 

i-------Program------1-----Verify ------1~ 

HighZ 

tOES 
toe 
(2) 

Notes: (1) The input timing reference is 0.8 V for VIL and 2.0 V for V1H. 
(2) IDF and toe are characteristics of the device but must be accommodated by the programmer. 
(3) Vee= 6.5 V ±0.25 V, VPP = VH = 13.0 V ±0.25 V for Express algorithm. 

MODES 

Operation Mode CE OE PGM 

Read Vn. VIL ViH 
Program VIL VIH VIL 
Program Verify VIL VIL ViH 
Program Inhibit VIH x x 
Standby ViH x x 
Output Disable VIL VlH VIH 
Identity VIL V1L ViH 

X = Don~Care 

© 1994 Microchip Technology Inc. 

VPP A9 00-07 

Vee x Dour 
VH x DIN 
VH x Dour 
VH x HighZ 
Vee x HighZ 
Vee x HighZ 
Vee VH Identity Code 

7-7 

Read Mode 

(See Timing Diagrams and AC Characteristics) 

Read Mode is accessed when 

a) the CE pin is low to power up (enable) the chip 

b) the OE pin is low to gate the data to the output 
pins. 

For Read operations, if the addresses are stable, the 
address access time (!Ace) is equal to the delay from CE 
to output (tee). Data is transferred to the output after a 
delay from the falling edge of OE (toe). 

OS 111 071-page 5 
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27C64 

Standby Mode 

The standby mode is defined when the CE pin is high 
(V1H) and a program mode is not defined. 

When these conditions are met, the supply current will 
drop from 20 mA to 100 µA. 

Output Enable 

This feature eliminates bus contention in microproces
sor-based systems in which multiple devices may drive 
the bus. The outputs go into a high impedance state 
when the following condition is true: 

The OE and PGM pins are both high. 

Erase Mode CU.V. Windowed Versions) 

Windowed products offer the capability to erase the 
memory array. The memory matrix is erased to the all 
1's state when exposed to ultraviolet light. To ensure 
complete erasure, a dose of 15 watt-second/cm2 is 
required. This means that the device window must be 
placed within one inch and directly underneath an ultra
violet lamp with a wavelength of 2537 Angstroms, inten
sity of 12,000µW/cm2 for approximately 20 minutes. 

Programming Mode 

The Express Algorithm has been developed to improve 
the programming throughput times in a production envi
ronment. Up to ten 100-microsecond pulses are applied 
until the byte is verified. No overprogramming is re
quired. A flowchart of the express algorithm is shown in 
Figure 1. 

Programming takes place when: 
a) Vee is brought to the proper voltage, 
b) VPP is brought to the proper VH level, 
c) the CE pin is low, 
d) the OE pin is high, and 
e) the PGM pin is low. 

Since the erased state is "1" in the array, programming 
of "O" is required. The address to be programmed is set 
via pins AO-A 12 and the data to be programmed is 
presented to pins 00-07. When data and address are 
stable, OE is high, CE is low and a low-going pulse on the 
PGM line programs that location. 

08111071-page 6 
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After the array has been programmed it must be verified 
to ensure all the bits have been correctly programmed. 
This mode is entered when all the following conditions 
are met: 

a) Vee is at the proper level, 
b) VPP ~at the proper VH level, 
c) the CE line is low, 
d) the PGM line is high, and 
e) the OE line is low. 

When programmin.[_multiple devices in parallel with 
different data, only CE or PGM need be under separate 
control to each device. By pulsing the CE or PGM line 
low on a particular device in conjunction with the PGM or 
CE line low, that device will be programmed; all other 
devices with CE or PGM held high will not be pro
grammed with the data, although address and data will 
be available on their input pins (i.e., when a high level is 
present on CE or PGM); and the device is inhibited from 
programming. 

Identity Mode 

In this mode specific data is output which identifies the 
manufacturer as Microchip Technology Inc. and device 
type. This mode is entered when Pin A9 is taken to VH 
(11.5V to 12.5V). The CE and OE lines must be at VIL. 
AO is used to access any of the two non-erasable bytes 
whose data appears on 00 through 07. 

Pin--- Input Output 

Identity AO 0 0 0 0 0 0 0 0 H 

i 7 6 5 4 3 2 1 0 e 
x 

Manufacturer VIL 0 0 1 0 1 0 0 1 29 
Device Type* VIH 0 0 0 0 0 0 1 0 02 

• Code subject to change. 

© 1994 Microchip Technology Inc. 



FIGURE 1 • PROGRAMMING EXPRESS ALGORITHM 

Conditions: 
T amb = 25"C ±5"C 
Vee = 6.5 ±0.25V 
VPP = 13.0 ±0.25V 

© 1994 Microchip Technology Inc. 

ADDR = First Location 
Vee=6.5V 
VPP= 13.0V 

.-----~ Program one 100 µs pulse 
lncrementX 

Device 
Passed 

No 

Yes 

Increment Address 

Vee = VPP = 4.5V, 5.5V 

7-9 

Device 
Failed 

27C64 

• 
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27C64 

SALES AND SUPPORT 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 

factory or the listed sales offices. 

PART NUMBERS 

~-~I/~ 

1-' 

05111071-page 8 

_Jl Temperature 
Range: 

Access Time: 

-f Device: 

J 
K 
L 
p 

so 
TS 

I 
E 

12 
15 
17 
20 
25 

27C64 

7-10 

Cerdip 
Ceramic Leadless Chip Carrier 
Plastic Leaded Chip Carrier 
Plastic DIP 
Plastic SOIC 
Thin Small Outline Package (TSOP) 8x13.4mm 

o·c to 1o·c 
-40"C to 85"C 
-40"C to 125"C 

120 ns 
150 ns 
170 ns 
200ns 
250ns 

64K (SK x 8) CMOS EPROM 

© 1994 Microchip Technology Inc. 



MICROCHIP 27LV64 
64K (SK x 8) Low Voltage CMOS EPROM 

FEATURES 

• Wide voltage range 3.0V to 5.5V 
• High speed performance 

-200 ns access time available at 3.0V 
• CMOS Technology for low power consumption 

--8 mA active current at 3.0V 
-20 mA active current at 5.5V 
-100 µA standby current 

• Factory programming available 
• Auto-insertion-compatible plastic packages 
• Auto ID aids automated programming 
• Separate chip enable and output enable controls 
• High speed "express" programming algorithm 
• Organized SK x S: JEDEC standard pinouts 

-2S-pin Dual-in-line package 
-32-pin Chip carrier (leadless or plastic) 
-2S-pin SOIC package 
-2S-pin TSOP package 
-Tape and reel 

• Available for the following temperature ranges: 
--Commercial: O'C to 70'C 
-Industrial: -40'C to 85'C 

PIN CONFIGURATIONS 

DESCRIPTION 

The Microchip Technology Inc. 27LV64 is a low-voltage 
(3.0 volt) CMOS EPROM designed for battery powered 
applications. The device is organized as SK x s (SK
Byte) non-volatile memory product. The 27LV64 con
sumes only SmA maximum of active current during a 3.0 
volt read operation therefore improving battery perfor
mance. This device is designed for very low voltage 
applications where conventional 5.0 volt only EPROMs 
can not be used. Accessing individual bytes from an 
address transition or from power-up (chip enable pin 
going low) is accomplished in less than 200 ns at 3.0V. 
This device allows system designers the ability to use 
low voltage non-volatile memory with todays low voltage 
microprocessors and peripherals in battery powered 
applications. 

A complete family of packages is offered to provide the 
most flexibility in applications. For surface mount appli
cations, PLCC or SOIC packaging is available. Tape 
and reel packaging is also available for PLCC or SOIC 
packages. 

Top View 

DIP/SOIC 

Vee 
PGM 
NC 

AB 
A9 

A11 

Ce 
A10 

CE 
07 
06 
05 
04 

03 
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A4 EJ f.E A11 
A3 fJ f]j NC 
A2. ~] f~ OE 
A1 j§J f~ A10 
AO 1JJ f.?j CE 
NC 1~j f~ 07 
00 j~J fjj" 06 

r•1r<1:•1 ::;: r•:r~:ri:: 
o~~~8o<S 

PLCC/LCC 

7-11 

OE 1-. :28 A10 
A11 2 •• : 27 CE 
A93\\ /2507 

PG~~1ccPM= ;g: ·_-_-_-_-_-_-_ .. __ ·i i<---- E ~ 
--------~ ~": 

A7 10 : ~-------~. \ 19 01 
A6 11 / \ 18 00 
A5 12 : \ 17 AO 
A4 13 / \ 16 A1 
A3 14: \ 15 A2 

TSOP 
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27LV64 

PIN FUNCTION TABLE 

Name Function 

AO-A12 Address Inputs 
CE Chip Enable 
OE Output Enable 
PGM Program Enable 
VPP Programming Voltage 
00-07 Data Output 
Vee +5V Or +3V Power Supply 
Vss Ground 
l'C No Connection; No Internal 

Connections 
NJ Not Used; No External 

Connection Is Allowed 

READ OPERATION 
DC Characteristics 

Parameter Part• Status Symbol 

Input Voltages all Logic "1' VIH 
LQS.!c "O" VIL 

Input Leakage all - lu 

Output Voltages all Logic "1' VOH 
Logic ·o· VOL 

Output Leakage all - ILO 

Input Capacitance all - CIN 

Output Capacitance all - COUT 

Power Supply Current, c TTL input lee1 
Active 

I TTL input lee2 

Power Supply Current, c TTL input lee(S) 
Standby I TTL input 

all CMOS input 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings* 

Vee and input voltages w.r.t. Vss .......... -0.SV to +7.25V 
VPP voltage w.r.t. Vss during 
programming ....................................... -0.SV to +14V 

Voltage on A9 w.r.t. Vss ............................ -0.SV to +13.5V 
Output voltage w.r.t. Vss .................... -0.SV to Vee +1.0V 
Storage temperature ............................ -ss·c to 150°C 
Ambient temp. with power applied ....... -ss·c to 12s·c 

*Notice: Stresses above those listed under"Maximum Ratings• 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at those or any 
other conditions above those indicated in the operation listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

Vee= 3.0V to 5.5V unless otherwise specified 
Commercial: Tamb= o·cto1o·c 
Industrial: Tamb= -4o·c to ss·c 

Min Max Units Conditions 

2.0 Vee+1 v 
-0.5 0.8 v 
-10 10 µA VIN =Oto Vee 

2.4 v IOH= -400µA 
0.45 v IOL=2.1 mA 

-10 10 µA VOUT = OV to Vee 

- 6 pF VIN = OV; Tamb = 25°C; 
f= 1 MHz 

- 12 pF VOUT = OV;Tamb= 25°C; 
f = 1 MHz 

- 20@ 5.0V mA Vee= 5.5V; VPP = Vee; 
8 @3.0V mA f= 1 MHz; 

- 25 @5.0V mA OE= CE= VIL; 
10@ 3.0V mA lout=OmA; 

VIL = -0.1 to O.BV; 
VIH = 2.0 to Vee; 
Note 1 

- 1 @ 3.0V mA 
2@3.0V mA 

100@ 3.0V µA CE= Vee ±0.2V 

•Parts: C =Commercial Temperature Range; I= Industrial Temperature Range 
Notes: (1) Active current increases 8 mA per MHz up to operating frequency for all temperature ranges. 

DS11024C-page 2 © 1994 Microchip Technology Inc. 

7-12 



READ OPERATION 
AC Characteristics 

Parameter 

Address to Output Delay 

CE to Output Delay 

OE to Output Delay 

CE or OE to O/P High 
Impedance 

Output Hold fro!!!_ 
Address CE or OE, 
whichever goes first 

READ WAVEFORMS 

VIH 
Address 

VIL 

VIH 
CE 

VIL 

VIH 

OE 
VIL 

Outputs 
VOH 

00-07 
VOL 

Sym 

!ACC 

!CE 

!OE 

!OFF 

!OH 

HighZ 

AC Testing Waveform: 
Output Load: 
Input Rise and Fall Times: 
Ambient Temperature: 

27LV64 

VIH = 2.4V and VIL = 0.45V; V OH= 2.0V VOL =0.8V 
1 TTL Load+ 100 pF 
10 ns 
Commercial: Tamb = o·c to 70"C 
Industrial: Tamb = -40"C to 85"C 

27LV64-20 27LV64-25 27LV64-30 Units Conditions 

Min Max Min Max Min Max 

200 250 300 ns CE = OE = VIL 

200 250 300 ns OE=VIL 

100 125 125 

0 50 0 50 0 50 ns 

0 0 0 ns 

Address Valid 

!CE(2) 

Valid Output 
HighZ 

,__ ___ !ACC ---o~ 

Notes: (1) !OFF is specified for OE or CE, whichever occurs first 
(2) OE may be delayed up to !CE - !OE after the falling edge of CE without impact on !CE 
(3) This parameter is sampled and is not 100% tested. 

© 1994 Microchip Technology Inc. 
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27LV64 

PROGRAMMING Ambient Temperature: Tamb = 25"C ±5"C 

DC Characteristics Vee= 6.5V ± 0.25V, VPP = VH = 13.0V ± 0.25V 

Parameter Status Symbol Min Max Units Conditions 

Input Voltages Logic '1' VIH 2.0 Vee+1 v 
Logic 'O' VIL -0.1 0.8 v 

Input Leakage - lu -10 10 µA VIN= OV to Vee 

Output Voltages Logic '1' VOH 2.4 v IOH = -400 µA 
Logic 'O' VOl 0.45 v IOL=2.1 mA 

Vee Current, program & verify - lee2 - 20 mA Note 1 

VPP Current.program - IPP2 - 25 mA Note 1 

A9 Product Identification - VH 11.5 12.5 v 

Note: (1) Vee must be applied simultaneously or before VPP and removed simultaneously or after VPP 

PROGRAMMING AC Testing Waveform: VIH = 2.4V and VIL= 0.45V; v OH= 2.0V; VOL= o.av 
AC Characteristics Ambient Temperature: Tamb = 25"C ±5"C 
for Program, Program Verify Vee= 6.5V ± 0.25V, VPP = VH = 13.0V ± 0.25V 
and Program Inhibit Modes 

Parameter Symbol Min Max Units Remarks 

Address Set-Up Time !AS 2 - µs 

Data Set-Up Time IDS 2 - µs 

Data Hold Time tDH 2 - µs 

Address Hold Time !AH 0 - µs 

Float Delay (2) IDF 0 130 ns 

Vee Set-Up Time Ives 2 - µs 

Program Pulse Width (1) tPW 95 105 µs 100 µs typical 

CE Set-Up Time teES 2 - µs 

OE Set-Up Time !OES 2 - µs 

VPP Set-Up Time !VPS 2 - µs 

-
Data Valid from OE !OE 100 ns 

Notes: (1) For express algorithm, initial programming width tolerance is 100 µs ±5%. 
(2) This parameter is only sampled and not 100% tested. Output float is defined as the point where data 

is no longer driven (see timing diagram). 

0511024C-page 4 © 1994 Microchip Technology Inc. 
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PROGRAMMING 
Waveforms (1) 

VIH 
Address 

VIL 

VIH 
Data 

VIL 

13.0 v (3) 
VPP 

5.0V 

6.5 v (3) 
Vee 

5.0V 

VIH 
CE 

VIL 

VIH 
PGM 

VIL 

VIH 
OE 

VIL 

27LV64 

~-----Program ------1----- Verify ----~ 

Address Stable 

HighZ 

IDH 

!OE 
(2) 

IDF 

(2) 

Notes: (1) The input timing reference is a.av for VIL and 2.0V for V1H. 
(2) IDF and !OE are characteristics of the device but must be accommodated by the programmer. 
(3) Vee= 6.5V ±0.25V, V PP = VH = 13.0V ±0.25V for Express algorithm. 

MODES 

Operation Mode CE OE PGM 

Read VIL VIL VIH 
Program VIL VIH VIL 
Program Verify VIL VIL VIH 
Program Inhibit VIH x x 
Standby VIH x x 
Output Disable VIL VIH VIH 
Identity VIL VIL VIH 

X =Don, Care 

© 1994 Microchip Technology Inc. 

VPP A9 00-07 

Vee x Dour 
VH x OIN 
VH x Dour 
VH x HighZ 
Vee x HighZ 
Vee x HighZ 
Vee VH Identity Code 

7-15 

Read Mode 

(See Timing Diagrams and AC Characteristics) 

Read Mode is accessed when 

a) the CE pin is low to power up (enable) the chip 

b) the OE pin is low to gate the data to the output 
pins. 

For Read operations, if the addresses are stable, the 
address access time (~cc) is equal to the delay from CE 
to output (tcE). Data is transferred to the output after a 
delay from the falling edge of OE (toe). 

OS 11024C-page 5 
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27LV64 

Standby Mode 

The standby mode is defined when the CE pin is high 
(V1H) and a program mode is not defined. 

When these conditions are met, the supply current will 
drop from 20 mA to 100 µA. 

Output Enable 

This feature eliminates bus contention in microproces
sor-based systems in which multiple devices may drive 
the bus. The outputs go into a high impedance state 
when the following condition is true: 

The OE and PGM pins are both high. 

Erase Mode CU.V. Windowed Versions) 

Windowed products offer the ability to erase the memory 
array. The memory matrix is erased to the all 1's state 
as a result of being exposed to ultraviolet light. To 
ensure complete erasure, a dose of 15 watt-second/cm2 

is required. This means that the device window must be 
placed within one inch and directly underneath an ultra
violet lamp with a wavelength of 2537 Angstroms, inten
sity of 12,000µW/cm2 for approximately 20 minutes. 

Proarammina Mode 

The express algorithm has been developed to improve 
on the programming throughput times in a production 
environment. Up to ten 100-microsecond pulses are 
applied until the byte is verified. No overprogramming is 
required. A flowchart of the express algorithm is shown 
in Figure 1. 

Programming takes place when: 

a) Vee is brought to proper voltage, 
b) VPP is brought to proper VH level, 
c) the CE pin is low, 
d) the OE pin is high, and 
e) the PGM pin is low. 

Since the erased state is "1" in the array, programming 
of "O" is required. The address to be programmed is set 
via pins AO-A 12 and the data to be programmed is 
presented to pins 00-07. When data and address are 
stable, OE is high, CE is low and a low-going pulse on the 
PGM line programs that location. 

DS11024C-page 6 

7-16 

After the array has been programmed it must be verified 
to ensure all the bits have been correctly programmed. 
This mode is entered when all the following conditions 
are met: 

a) Vee is at the proper level, 
b) VPP ~at the proper VH level, 
c) the CE line is low, 
d) the PGM line is high, and 
e) the OE line is low. 

When programming multiple devices in parallel with 
different data, only CE or PGM need be under separate 
control to each device. By pulsing the CE or PGM line 
low on a particular device in conjunction with the PGM or 
CE line low, that device will be programmed; all other 
devices with CE or PGM held high will not be pro
grammed with the data, although address and data will 
be available on their input pins (i.e., when a high level is 
present on CE or PGM); and the device is inhibited from 
programming. 

Identity Mode 

In this mode specific data is outputted which identifies 
the manufacturer as Microchip Technology Inc and 
device type. This mode is entered when Pin A9 is taken 
to VH (11.SV to 12.SV). The CE and OE lines must be 
at VIL AO is used to access any of the two non-erasable 
bytes whose data appears on 00 through 07. 

Pin- Input Output 

Identity AO 0 0 0 0 0 0 0 0 H 

+ 
7 6 5 4 3 2 1 0 e 

x 

Manufacturer VIL 0 0 1 0 1 0 0 1 29 
Device Type* VIH 0 0 0 0 0 0 1 0 02 

• Code subject to change. 

© 1994 Microchip Technology Inc. 



FIGURE 1 - PROGRAMMING EXPRESS ALGORITHM 

Conditions: 
T arm = 25·c ±5"C 
Vee= 6.5 ±0.25V 
VPP = 13.0 ±0.25V 

C 1994 Microchip Technology Inc. 

Device 
Passed 

ADDR = First Location 
Vee=6.5V 
VPP= 13.0V 

Program one 100 µs pulse 
lncrementX 

No 

Yes 

Increment Address 

Vee= VPP = 4.5V, 5.5V ---~ 

7-17 

Device 
Failed 

27LV64 

• 
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27LV64 

SALES AND SUPPORT 

To order or to obtain infonnation, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 

PART NUMBERS 

~-~II~ I ... _ 

l 1 Temperature 
Range: 

1 Access Time: 

J 
K 
L 
p 

so 
lS 

20 
25 
30 

--------~ Device: 27LV64 

DS11024C-page 8 
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Cerdip 
Ceramic Leadless Chip Carrier 
Plastic Leaded Chip Carrier 
Plastic DIP 
Plastic SOIC 
Thin Small Outline Package 

o·c to1o·c 
-4o·c to ss·c 

200ns 
250ns 
300ns 

64K (SK x 8) Low voltage CMOS EPROM 

@ 1994 Microchip Technology Inc. 



MICROCHIP 27C128 
128K (16K x 8) CMOS EPROM 

FEATURES 

• High speed performance 
-120 ns access time available 

• CMOS Technology for low power consumption 
-20 mA Active current 
-100 µA Standby current 

• Factory programming available 
• Auto-insertion-compatible plastic packages 
• Auto ID aids automated programming 
• Separate chip enable and output enable controls 
• High speed "express" programming algorithm 
• Organized 16K x 8: JEDEC standard pinouts 

-28-pin Dual-in-line package 
-32-pin Chip carrier (leadless or plastic) 
-28-pin SOIC package 
-28-pin TSOP package 
-Tape and reel 

• Available for the following temperature ranges: 
-Commercial: o·c to 70°C 
-Industrial: -40°C to 85°C 
-Automotive: -40°C to 12s·c 

PIN CONFIGURATIONS 

DESCRIPTION 

The Microchip Technology Inc 27C 128 is a CMOS 128K 
bit (electrically) Programmable Read Only Memory. The 
device is organized as 16Kwords by 8 bits (16K bytes). 
Accessing individual bytes from an address transition or 
from power-up (chip enable pin going low) is accom
plished in less than 120 ns. CMOS design and process
ing enables this part to be used in systems where 
reduced power consumption and high reliability are 
requirements. 

A complete family of packages is offered to provide the 
most flexibility in applications. For surface mount appli
cations, PLCC, SOIC, or TSOP packaging is available. 
Tape and reel packaging is also available for PLCC or 
SOIC packages. UV erasable versions are also avail
able. 

Top View 

Vee 
PGM 

Na.. 8J::!E M 6E A13 
,.... ..... D... :J (!) ..... 1 \ '28 A10 <<>Z>O..< 

AG f [~J[~J[~J~j[,,J[~J[~J[~ A11 2 27 ce AB A9 3 \ 26 07 
A9 AB : 

AB 4 25 06 
A11 A5 _i] L~ A9 A13 ' l r ~ 05 
i5E A4 EJ L~ A11 PGM 04 
A10 A3 EJ L~ NC Vee 03 

A2 EJ fjj OE i5E 
A1 _1§J f~ A10 VPP ,; • :~ Vss 

07 AO _1j"J fE CE A12 02 
06 NC _1"ij Li; 01 A7 01 
05 oo EJ fjj 06 A6 11 \ 18 00 
04 r;1r~1ri;r~1r~1r;1 :g; AS 12 17 AO 

A4 13 
: 

16 A1 03 0~~~80<3 : 
A3 14' '15 A2 

DIP/SOIC PLCC/LCC TSOP 

© 1994 Microchip Technology Inc. DS 110031-page 1 

7-19 

• 



27C128 

PIN FUNCTION TABLE 

Name Function 

AO-A13 Address Inputs 
CE Chip Enable 
OE Output Enable 
PGM Program Enable 
VPP Programming Voltage 
00-07 Data Output 
Vee +5V Power Supply 
Vss Ground 
t-c No Connection; No 

Internal Connections 
NJ Not Used; No External 

Connection Is Allowed 

READ OPERATION 
DC Characteristics 

Parameter Part* Status 

Input Voltages all Logic '1" 
~ogic ·o· 

Input Leakage all -
Output Voltages all Logic '1' 

Logic 'O' 
Output Leakage all -

Input Capacitance all -

Output Capacitance all -

Power Supply Current, c TTL input 
Active l,E TTL input 

Power Supply Current, c TTL input 
Standby l,E TTL input 

all CMOS ir:!e_ut 
IPP Read Current all Read Mode 
VPP Read Volta__g_e all Read Mode 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings* 

Vee and input voltages w.r.t. Vss .......... -0.6V to +7.25V 
VPP voltage w.r.t. Vss during 
programming •.•.•..•.•.•.......•...........•....•.. -0.6V to+ 14V 

Voltage on A9 w.r.t. Vss ............................ -0.SV to +13.5V 
Output voltage w.r.t. Vss ...................... -0.6V to Vee+ 1V 
Storage temperature .....••.•.•.....••....••..•. -65'C to 150"C 
Ambie~t temp. with power applied ....... -65'C to 125'C 

*Notice: Stresses above those listed under "Maximum Ratings" 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device atthose or any 
other conditions above those indicated in the operation listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

Vee= +5V ±10% 
Commercial: Tamb= O'Cto 70'C 
Industrial: Tamb = -40·c to as·c 
Extended (Automotive): Tamb = -40'C to 125'C 

Symbol Min Max Units Conditions 

VIH 2.0 Vcc+1 v 
VIL -0.5 0.8 v 
lu -10 10 µA VIN =Oto Vee 

VOH 2.4 v IOH=-400µA 
VOL 0.45 v IOL=2.1 mA 
ILO -10 10 µA VOUT = OV to Vee 

CIN - 6 pf VIN= OV; Tamb = 25' C; 
f= 1 MHz 

COl1r - 12 pF Vour = OV;Tamb = 25' C; 
f= 1 MHz 

lee1 - 20 mA Vee= 5.5V; VPP = Vee; 
lee2 - 25 mA f=1MHz; 

OE=CE=VIL; 
lout=OmA; 
VIL = -0.1 to 0.8V; 
VIH = 2.0 to v cc; 
Note 1 

lee(S) - 2 mA 

- 3 mA 

- 100 µA CE= Vcc±0.2V 
IPP - 100 µA VPP=5.5V 
VPP Vee-0.7 Vee v Note2 

*Parts: C = Commercial Temperature Range; I, E = Industrial and Extended Temperature Ranges 
Notes: (1) Active current increases 8 mA per MHz up to operating frequency for all temperature ranges. 

(2) Vee must be applied before VPP, and be removed simultaneously or after VPP. 

08110031-page 2 C 1994 Microchip Technology Inc. 
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27C128 

READ OPERATION AC Testing Wavefonn: VIH = 2.4V and VIL= 0.45V; VOH = 2.0V VOL =0.BV 

AC Characteristics Output Load: 1 TTL Load + 100 pF 
Input Rise and Fall Times: 10ns 
Ambient Temperature: Commercial: Tamb= o·cto1o·c 

Industrial: Tamb = -40'C to as·c 
Extended (Automotive): Tamb = -40'C to 125'C 

Parameter Sym 27C128-12 27C128-15 27C128-17 27C128-20 27C128-25 Units 

Min Max Min Max Min Max Min Max Min Max 

Address to Output Del~ tACC - 120 - 150 - 170 - 200 - 250 ns 

CE to Output Delay tee - 120 - 150 - 170 - 200 - 250 ns 

OE to Output Delay toe - 65 - 70 - 70 - 75 - 100 ns 

CE or OE to O/P High tOFF 0 50 0 50 0 50 0 55 0 60 ns 
Impedance 

Output Hold fro!!!_ tOH 0 - 0 - 0 - 0 - 0 - ns 
Address CE or OE, 
whichever occurs first 

READ WAVEFORMS 

VIH 
Address Address Valid 

VIL 

VIH 
CE 

VIL 

VIH 
OE 

VIL 

VOH 
Outputs HighZ 

Valid Output 00-07 
VOL 

tAoc 

Notes: (1) tOFF is specified for OE or CE, whichever occurs first 
(2) OE may be delayed up to tee - toe after the falling edge of CE without impact on tee 
{3) This parameter is sampled and is not 100% tested. 

C 1994 Microchip Technology Inc. 
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Conditions 

CE=OE=VIL 

OE=VIL 

CE=VL 

HighZ 

05110031-page 3 
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27C128 

PROGRAMMING Ambient Temperature: Tamb = 25'C ±5'C 

DC Characteristics Vee= 6.5V ± 0.25V, v pp= 13.0V ± 0.25V 

Parameter Status Symbol Min Max Units Conditions 

Input Voltages Logic '1' VIH 2.0 Vcc+1 v 
Logic •o• Va. -0.1 0.8 v 

Input Leakage - lu -10 10 µA VIN= OV to Vee 

Output Voltages Logic '1' VOH 2.4 v IOH=-400µA 
Logic •o• VOL 0.45 v IOL=2.1 mA 

Vee Current, program & verify - lee2 - 20 mA Note 1 

VPP Current, program - IPP2 - 25 mA Note 1 

A9 Product Identification - VH 11.5 12.5 v 

Note: (1) Vee must be applied simultaneously or before VPP and removed simultaneously or after VPP 

PROGRAMMING AC Testing Waveform: VIH = 2.4V and VIL= 0.45V; VOH = 2.0V; VOL= O.BV 
AC Characteristics Ambient Temperature: Tamb = 25'C ±5°C 
for Program, Program Verify Vee= 6.5V±0.25V, VPP= 13.0V±0.25V 
and Program Inhibit Modes 

Parameter Symbol Min Max Units Remarks 

Address Set-Up Time tAS 2 - µs 

Data Set-Up Time tos 2 - µs 

Data Hold Time tDH 2 - µs 

Address Hold Time tAH 0 - µs 

Float Delay (2) tDF 0 130 ns 

Vee Set-Up Time tves 2 - µs 

Program Pulse Width (1) tPW 95 105 µs 100 µs typical 

-
CE Set-Up Time teES 2 - µs 

OE Set-Up Time tOES 2 - µs 

VPP Set-Up Time tVPS 2 - µs 

-
Data Valid from OE toe - 100 ns 

Notes: (1) For express algorithm, initial programming width tolerance is 100 µs ±5%. 
(2) This parameter is only sampled and not 100% tested. Output float is defined as the point where data 

is no longer driven (see timing diagram). 

05110031-page 4 C 1994 Microchip Technology Inc. 
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PROGRAMMING 
Waveforms (1) 

Address 

Data 

VPP 
5.0V 

Vee 
5.0V 

VIH 
CE 

VIL 

VIH 
PGM 

VIL 

V1H 
OE 

VIL 

27C128 

~-----Program------f----- Verify ----4~ 

HighZ 

toes 
toe 
(2) 

tOF 

(2) 

Notes: (1) The input timing reference is o.av for VIL and 2.0V for V1H. 
(2) toF and toe are characteristics of the device but must be accommodated by the programmer. 
(3) Vee= 6.5V ±0.25V, VPP = VH = 13.0V ±0.25V for Express algorithm. 

MODES 

Operation Mode CE OE PGM 

Read VIL VIL VIH 
Program VIL VIH VIL 
Program Verify VIL VIL VIH 
Program Inhibit VIH x x 
Standby VIH x x 
Output Disable VIL VIH VIH 
Identity VIL VIL VIH 

X= 0onieare 

© 1994 Microchip Technology Inc. 

VPP A9 00-07 

Vee x Dour 
VH x DIN 
VH x Dour 
VH x HighZ 
Vee x HighZ 
Vee x HighZ 
Vee VH Identity Code 

7-23 

Read Mode 

(See Timing Diagrams and AC Characteristics) 

Read Mode is accessed when 

a) the CE pin is low to power up (enable) the chip 

b) the OE pin is low to gate the data to the output pins. 

For Read operations, if the addresses are stable, the 
address access time (tACC) is equal to the delay from 
CE to output (tCE). Data is transferred to the output after 
a delay from the falling edge of OE (tOE). 

08110031-page 5 
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Standby Mode 

The standby mode is defined when the CE pin is high 
(V1H) and a program mode is not defined. 

When these conditions are met, the supply current will 
drop from 20 mA to 100 µA. 

Output Enable 

This feature eliminates bus contention in microproces
sor-based systems in which multiple devices may drive 
the bus. The outputs go into a high impedance state 
when the following condition is true: 

The OE and PGM pins are both high. 

Erase Mode lU.V. Windowed Versions> 

Windowed products offer the capability to erase the 
memory array. The memory matrix is erased to the all 
l's state when exposed to ultraviolet light. To ensure 
complete erasure, a dose of 15 watt-second/cm2 is 
required. This means that the device window must be 
placed within one inch and directly underneath an ultra
violet lamp with a wavelength of 2537 Angstroms, inten
sity of 12,000µW/cm2 for approximately 20 minutes. 

Programming Mode 

The Express Algorithm has been developed to improve 
the programming throughput times in a production envi
ronment. Up to ten 1 DO-microsecond pulses are applied 
until the byte is verified. No overprogramming is re
quired. A flowchart of the express algorithm is shown in 
Figure 1. 

Programming takes place when: 

a) Vee is brought to the proper voltage, 
b) VPP is brought to the proper VH level, 
c) the CE pin is low, 
d) the OE pin is high, and 
e) the PGM pin is low. 

Since the erased state is "1" in the array, programming 
of •o• is required. The address to be programmed is set 
via pins AO-A13 and the data to be programmed is 
presented to pins 00-07. When data and address are 
stable, OE is high, CE is low and a low-going pulse on the 
PGM line programs that location. 

DS110031-page 6 
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After the array has been programmed it must be verified 
to ensure that all the bits have been correctly pro
grammed. This mode is entered when all the following 
conditions are met: 

a) Vee is at the proper level, 
b) VPP is at the proper VH level, 
c) the CE line is low, 
d) the PGM line is high, and 
e) the OE line is low. 

When programming multiple devices in parallel with 
different data, only CE or PGM need be under separate 
control to each device. By pulsing the CE or PGM line 
low on a particular device in conjunction with the PGM or 
CE line low, that device will be programmed; all other 
devices with CE or PGM held high will not be pro
grammed with the data, although address and data will 
be available on their input pins (i.e., when a high level is 
present on CE or PGM); and the device is inhibited from 
programming. 

Identity Mode 

In this mode specific data is output which identifies the 
manufacturer as Microchip Technology Inc, and device 
type. This mode is entered when Pin A9 is taken to VH 
(11.5V to 12.5V). The CE and OE lines must be at VIL. 
AO is used to access any of the two non-erasable bytes 
whose data appears on 00 through 07. 

Pin-- Input Output 

Identity AO 0 00 0 0 0 0 0 H 

i 7 6 5 4 3 2 1 0 e 
x 

Manufacturer VIL 0 0 1 0 1 0 0 1 29 
Device Type* VIH 1 0 0 0 0 0 1 1 83 

• Code subject to change. 

© 1994 Microchip Technology Inc. 



FIGURE 1 - PROGRAMMING EXPRESS ALGORITHM 

Conditions: 
T amb = 2s·c ±5·c 
Vee = 6.5 ±0.25V 
VPP = 13.0 ±0.25V 

© 1994 Microchip Technology Inc. 

Device 
Passed 

ADDA = First Location 
Vee= 6.SV 
VPP= 13.0V 

Program one 100 µs pulse 
lncrementX 

No 

Yes 

Increment Address 

Vee= VPP = 4.5V,5.5V 

7-25 

Device 
Failed 

27C128 

• 
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27C128 

SALES AND SUPPORT 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 

factory or the listed sales offices. 

PART NUMBERS 

~-~I/~ 

I-

l_. Temperature 
Range: 

------11 Access Time: 

J 
K 
L 
p 

so 
TS 

I 
E 

12 
15 
17 
20 
25 

--------1~ Device: 27C128 

DS110031-page 8 

7-26 

Cerdip 
Ceramic Leadless Chip Carrier 
Plastic Leaded Chip Carrier 
Plastic DIP 
PlasticSOIC 
Thin Small Outline Package (TSOP) 8x13.4mm 

o·c to1o·c 
-40·c to s5·c 
-40"C to 125·c 

120 ns 
150 ns 
170ns 
200ns 
250ns 

128K (16K x 8) CMOS EPROM 

© 1994 Microchip Technology Inc. 



MICROCHIP 27C256 
256K (32K x 8) CMOS EPROM 

FEATURES 

• High speed performance 
- 90 ns access time available 

• CMOS Technology for low power consumption 
- 20 mA Active current 
-100 µA Standby current 

• Factory programming available 
• Auto-insertion-compatible plastic packages 
• Auto ID aids automated programming 
• Separate chip enable and output enable controls 
• High speed •express• programming algorithm 
• Organized 32K x 8: JEDEC standard pinouts 

- 28-pin Dual-in-line package 
- 32-pin Chip carrier (leadless or plastic) 
- 28-pin SOIC package 
- 28-pin Thin Small Outline Package (TSOP) 
- 28-pin Very Small Outline Package (VSOP) 
- Tape and reel 

• Available for extended temperature ranges: 
- Commercial: o·c to +70'C 
- Industrial: -40°C to +85°C 
-Automotive: -40°C to+ 12s·c 

DESCRIPTION 

The Microchip Technology Inc. 27C256 is a CMOS 
256K bit electrically Programmable Read Only Memory 
(EPROM). The device is organized as 32K words by 8 
bits (32K bytes). Accessing individual bytes from an 
address transition or from power-up (chip enable pin 
going low) is accomplished in less than 90 ns This very 
high speed device allows the most sophisticated micro
processors to run at full speed without the need for WAIT 
states. CMOS design and processing enables this part 
to be used in systems where reduced power consump
tion and reliability are requirements. 

A complete family of packages is offered to provide the 
most flexibility in applications. For surface mount appli
cations, PLCC, SOIC or TSOP packaging is available. 
Tape and reel packaging is also available for PLCC or 
SOIC packages. UV erasable versions are also avail
able. 

C 1994 Microchip Technology Inc. 
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PIN CONFIGURATION 

OE 1-. :28 A10 
A11 2 \ : ?:1 CE 
A93\ /2607 
A84 \ / 2506 

A:v)~22 ~859 -__ -_-_--_-_-_·~_I L : 5 
A7 10 .. i~. ___ T_s_o_P ___ ~t··----* ?," 
Ni 11 / \ 18 00 
AS 12 / \ 17 M 
A4 13 / \ 16 A1 
A3 14: "15 A2 

rc~l2Y~~ 

\lpp 

A12 

A7 
Ni 
AS 
A4 
A3 
A2 
A1 
M 
00 
01 
02 
Vss 

10 
11 

12 
13 
14 

DIP/ 
SOIC 

Vee 
A14 
A13 
AB 
A9 
A11 
CiE 
A10 
ce 
07 
06 
05 
04 
03 

5E 22. ,.21 

A11 23 \ ,/ 20 : ~ \ .....--------- :: 
~ 26 n 
A14 27 16 

~~ ~ VSOP ~~ 
A12 2 13 
A7 3 12 
A8 4 11 
A5 5 ' 10 
A4 6/ ~9 
~ 7' \8 

A10 
C'E 
07 
06 
06 
04 
03 
Vss 
02 
01 
00 
AO 
A1 
A2 

DS11001J-1 

• 



27C256 

PIN FUNCTION TABLE 

Name Function 

AO-A14 Address Inputs 
CE Chip Enable 
OE Output Enable 
VPP Programming Voltage 
00-07 Data Output 
Vee +5V Power Supply 
Vss Ground 
NC No Connection; 

No Internal Connection 
111..1 Not Used; No External 

Connection is Allowed 

READ OPERATION 
DC Characteristics 

Parameter Part• Status Symbol 

Input Voltages all Logic •1• VIH 
LQg)c ·o· Vu.. 

Input Leakage all - lu 

Output Voltages all Logic •1• VOH 
LQg)c ·o· VOL 

Output Leakage all - ILO 

Input Capacitance all - CIN 

Output Capacitance all - CoUT 

Power Suppy Current, c TTL input ICC1 
Active I, E TTL input lcc2 

Power Supply Current, c TTL input ICC(S) 
Standby l,E TTL input 

all CMOS il'!l2_ut 
I PP Read Current all Read Mode IPP 
VPP Read Volt~e all Read Mode VPP 

•Parts: c = Commercial Temperature Range 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings* 

Vee and input voltages w.r.t. Vss .......... -0.6V to +7.25V 
VPP voltage w.r.t. Vss during 
programming .................................... -0.6V to + 14.0V 

Voltage on A9 w.r.t. Vss ............................ -0.6V to +13.5V 
Output voltage w.r.t. Vss .................. -0.6V to Vee+ 1.0V 
Storage temperature ............................ -65°C to 150°C 
Ambient temp. with power applied ....... -65°C to 125°C 

*Notice: Stresses above those listed under"Maximum Ratings• 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at those or any 
other conditions above those indicated in the operation listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

Vee= +5V ±10% 
Commercial: Tamb= o·cto1o·c 
Industrial: Tamb = -40°C to 85°C 

Extended (Automotive): Tamb = -40°C to 125°C 

Min Max Units Conditions 

2.0 Vcc+1 v 
-0.5 0.8 v 
-10 10 µA VIN= Oto Vee 

2.4 v IOH= -400 µA 
0.45 v IOL=2.1 mA 

-10 10 µA VOUT = ov to Vee 

- 6 pF VIN= OV; Tamb = 25° C; 
f= 1 MHz 

- 12 pF VOUT = OV; Tamb= 25° C; 
f= 1 MHz 

- 20 mA Vee= 5.5V; VPP = Vee; 
- 25 mA f= 1 MHz; 

OE=CE=VIL; 
lout= OmA; 
VIL = -0.1 to 0.8V; 
VIH = 2.0 to v cc; 
Note 1 

- 2 mA 
3 mA 

100 -1IA CE= V cc ±0.2V 
- 100 µA VPP=5.5V 

Vcc-0.7 Vee v Note2 

I, E = Industrial and Extended Temperature Range 
Notes: (1) Active current increases 5 mA per MHz up to operating frequency for all temperature ranges. 

(2) Vee must be applied before VPP, and be removed simultaneously or after VPP. 

DS11001J-2 © 1994 Microchip Technology Inc. 
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READ OPERATION AC Testing Waveform: VIH = 2.4V and VIL = .45V; v OH= 2.0V VOL =0.BV 

AC Characteristics Output Load: 1 TTL Load+ 100 pF 
Input Rise and Fall Times: 10nsec 
Ambient Temperature: Commercial: Tamb = o·cto 1o·c 

Industrial: Tamb= -40'C to 85'C 
Automotive: Tamb= -40'C to 125'C 

Parameter Sym 27C256-90~ 27C256-10* 27C256-12 27C256-15 27C256-20 Units 

Min Max Min Max Min Max Min Max Min Max 

Address to Output Delay tACC - 90 - 100 - 120 - 150 - 200 ns 
-
CE to Output Delay tCE - 90 - 100 - 120 - 150 - 200 ns 

OE to Output Delay !OE - 40 - 45 - 55 - 65 - 75 ns 

CE or OE to O/P High !OFF 0 30 0 30 0 35 0 50 0 55 ns 
Impedance 

Output Hold fro!!!__ !OH 0 - 0 - 0 - 0 - 0 - ns 
Address CE or OE, 
whichever goes first 

• -10, -90 AC Testing Waveform: VIH = 2.4Vand VIL= .45V; VOH = 1.5V and VOL= 1.5V 
Output Load: 1 TTL Load + 30 pF 

READ WAVEFORMS 

VIH 
Address Address Valid 

VIL 

VIH 
CE 

VIL 
-- !CE(2) 

VIH 
OE 

VIL 

Outputs VOH 
HighZ 

00-07 
VOL 

Valid Output 

----- !ACC ---~ 

Notes: (1) !OFF is specified for OE or CE, whichever occurs first 
(2) OE may be delayed up to tcE - toE after the falling edge of CE without impact on !CE 
(3) This parameter is sampled and is not 100% tested. 

© 1994 Microchip Technology Inc. 
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Conditions 

- -
CE=OE=VIL 

-
OE=VIL 

-
CE=VL 

HighZ 

DS11001J-3 
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PROGRAMMING Ambient Temperature: Tamb = 25·c ±5°C 

DC Characteristics Vee= 6.5V ± 0.25V, V PP= 13.0V ± 0.25V 

Parameter Status Symbol Min Max Units Conditions 

Input Voltages Logic '1' VIH 2.0 Vcc+1 v 
Logic ·o· Vil -0.1 0.8 v 

Input Leakage - lu -10 10 µA VIN= ov to Vee 

Output Voltages Logic '1' VOH 2.4 v IOH = -400 µA 
Logic •o• VOL 0.45 v IOL=2.1 mA 

Vee Current, program & verify - ICC2 - 20 mA Note 1 

VPP Current, program - IPP2 - 25 mA Note 1 

A9 Product Identification - VH 11.5 12.5 v 

Note: (1) Vee must be applied simultaneously or before VPP and removed simultaneously or after VPP 

PROGRAMMING AC Testing Waveform: VIH = 2.4V and VIL = 0.45V; v OH= 2.0V; VOL= o.av 
AC Characteristics Output Load: 1 TTL Load+ 100 pF 
for Program, Program Verify Ambient Temperature: Tamb = 25°C ±5°C 
and Program Inhibit Modes Vee= 6.5V ±0.25V, VPP= 13.0V±0.25V 

Parameter Symbol Min Max Units Remarks 

Address Set-Up Time !AS 2 - µs 

Data Set-Up Time tos 2 - µs 

Data Hold Time !DH 2 - µs 

Address Hold Time !AH 0 - µs 

Float Delay (2) tDF 0 130 ns 

Vee Set-Up Time tvcs 2 - µs 

Program Pulse Width (1) !PW 95 105 µs 100 µs typical 

-
CE Set-Up Time ICES 2 - µs 

OE Set-Up Time !OES 2 - µs 

VPP Set-Up Time tVPS 2 - µs 

Data Valid from OE !OE - 100 ns 

Notes: (1) For express algorithm, initial programming width tolerance is 100 µs ±5%. 
(2) This parameter is only sampled and not 100% tested. Output float is defined as the point where data 

is no longer driven (see timing diagram). 

DS11001J-4 © 1994 Microchip Technology Inc. 
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PROGRAMMING WAVEFORMS 

VIH 
Address 

VIL 

VIH 
Data 

VIL 

VPP 
5.0V 

Vee 
5.0V 

VIH 
CE 

VIL 

VIH 
OE 

VIL 

Program 

Address Stable 

HighZ 

!DH 

!OES 
toe 
(1) 

Verify 

27C256 

!OF 
(1) 

Notes: (1) 
(2) 

!DF and toe are characteristics of the device but must be accommodated by the programmer 
Vee= 6.5 V ±0.25V, VPP = VH = 13.0V ±0.25V for express algorithm 

MODES 

- -
Operation Mode CE OE VPP 

Read VIL VIL Vee 
Program VIL VIH VH 
Program Verify V1H VIL VH 
Program Inhibit VIH VIH VH 
Standby VIH x Vee 
Output Disable VIL VIH Vee 
Identity VIL VIL Vee 

X= DontCare 

© 1994 Microchip Technology Inc. 

A9 00-07 

x Dour 
x DIN 
x Dour 
x HighZ 
x HighZ 
x HighZ 

VH Identity Code 

7-31 

Read Mode 

(See Timing Diagrams and AC Characteristics) 

Read Mode is accessed when 

a) the CE pin is low to power up (enable) the chip 

b) the OE pin is low to gate the data to the output 
pins. 

For Read operations, if the addresses are stable, the 
address access time (!Ace) is equal to the delay from CE 
to output (tee). Data is transferred to the output after a 
delay from the falling edge of OE (!OE). 

DS11001J-5 
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Standby Mode 

The standby mode is defined when the CE pin is high 
(VIH) and a program mode is not defined. 

When these condition are met, the supply current will 
drop from 20 mA to 100 µA. 

Output Enable 

This feature eliminates bus contention in multiple bus 
microprocessor systems and the outputs go to a high 
impedance when the following condition is true: 

• The OE pin is high and program mode is not defined. 

Erase Mode (U.V. Windowed Versions.) 

Windowed products offer the ability to erase the memory 
array. The memory matrix is erased to the all 1 's state 
as a result of being exposed to ultraviolet light. To 
ensure complete erasure, a dose of 15 watt-second/cm2 

is required. This means that the device window must be 
placed within one inch and directly underneath an ultra
violet lamp with a wavelength of 2537 Angstroms, inten
sity of 12,000 µW/cm2 for approximately 20 minutes. 

Programming Mode 

The express algorithm has been developed to improve 
on the programming throughput times in a production 
environment. Up to 10 100-microsecond pulses are 
applied until the byte is verified. No over-programming 
is required. A flowchart of the express algorithm is 
shown in Figure 1. 

Programming takes place when: 

a) Vee is brought to proper voltage, 
b) VPP is brought to proper VH level, 
c) The OE pin is high and 
d) the CE pin is low. 

Since the erased state is "1" in the array, programming 
of "O" is required. The address to be programmed is set 
via pins AO-A14 and the data to be programmed is 
presented to pins 00-07. When data and address are 
stable, a low-going pulse on the CE line programs that 
location. 

DS11001J-6 
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After the array has been programmed it must be verified 
to ensure all the bits have been correctly programmed. 
This mode is entered when all the following conditions 
are met: 

a) Vee is at the proper level, 
b) VPP !!._at the proper VH level, 
c) The CE pin is high and 
d) the OE line is low. 

When programming multiple devices in parallel with 
different data, only CE need be under separate control 
to each device. By pulsing the CE line low on a particular 
device, that device will be programmed; all other devices 
with CE held high will not be programmed with the data, 
although address and data will be available on their input 
pins. 

ldentltv Mode 

In this mode specific data is outputted which identifies 
the manufacturer as Microchip Technology Inc. and 
device type. This mode is entered when Pin A9 is taken 
to VH (11.SV to 12.SV). The CE and OE lines must be 
at V1L. AO is used to access any of the two non-erasable 
bytes whose data appears on 00 through 07. 

Pin- Input Output 

Identity AO 00 0 0 0 0 0 0 H 

i 7 6 5 4 3 2 1 0 e 
x 

Manufacturer VIL 0 0 1 0 1 0 0 1 29 
Device Type* VIH 1 0 0 0 1 1 0 0 8C 

• Code subject to change. 

C 1994 Microchip Technology Inc. 



FIGURE 1 - PROGRAMMING EXPRESS ALGORITHM 

Conditions: 
T ern1> = 25·c ±5"C 
Vee= 6.5 ±0.25V 
VPP = 13.0 ±0.25V 

C 1994 Microchip Technology Inc. 

Device 
Passed 

ADDA = First Location 
Vee=6.5V 
VPP= 13.0V 

Program one 100 µs pulse 
Increment X 

No 

Yes 

Increment Address 

Vee= VPP = 4.5V, 5.5V 

7-33 

Device 
Failed 

27C256 

• 
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27C256 

SALES AND SUPPORT 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 

PART NUMBERS 

L__J=""'~ l .... ,.TI_, 

~---------1-f Device: 

DS11001J-8 

J 
K 
L 
p 

so 
TS 
vs 

I 
E 

90 
10 
12 
15 
20 

27C256 

7-34 

CERDIP 
Ceramic Leadless Chip Carrier 
Plastic Leaded Chip Carrier 
Plastic DIP 
PlasticSOIC 
Thin Small Outline Package (TSOP) 8x20mm 
Very Small Outline Package (VSOP) 8x13.4mm 

o·c to 1o·c 
-40°C to B5°C 
-4o·c to 125·c 

90ns 
100ns 
120 ns 
150 ns 
200ns 

256K (32K x 8) CMOS EPROM 

© 1994 Microchip Technology Inc. 



MICROCHIP 27HC256 
256K (32K x 8) High Speed CMOS EPROM 

FEATURES 
• High speed performance 

- 55 ns access time available 
• CMOS technology for low power consumption 

- 55 mA active current 
- 100 µA standby current (low power option) 

• OTP (one time programming) available 
• Auto-insertion-compatible plastic packages 
• Auto ID aids automated programming 
• Organized in 32K x 8 - JEDEC Standard Pinouts 

- 28-pin Dual-in-line and SOIC package 
- 32-pin Chip carrier (leadless or plastic) 
- 28-pin Very Small Outline package (VSOP) 

• Available for the following temperature ranges: 
-Commercial: o·c to +70°C 
-Industrial: -40°C to +as·c 
-Automotive: -40°C to + 125·c 

DESCRIPTION 
The Microchip Technology Inc. 27HC256 is a CMOS 
256K bit electrically Programmable Read Only Memory 
(EPROM). The device is organized into 32K words of 8 
bits each. Advanced CMOS technology allows bipolar 
speed with a significant reduction in power. A low power 
option (L) allows further reduction in the standby power 
requirement to 100 µA The 27HC256 is configured in a 
standard 256K EPROM pinout which allows an easy 
upgrade for present 27C256 users. A complete family 
of packages are offered to provide the utmost flexibility. 
The 27HC256 allows high performance microproces
sors to run at full speed without the need of wait states. 
CMOS design and processing makes this part suitable 
for applications where high reliability and reduced power 
consumption are essential. 

© 1994 Microchip Technologylnc. 
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PIN CONFIGURATIONS 

VPP 

A12 

Afj 

A3 
A2. 

A1 
AO 
00 
01 

02 
Vss 

,...~t=>8~~ 
<<>Z><< 

o!H!iHl<Hl 

VPP 28 
A12 27 

A7 26 
A6 25 
AS 24 
A4 23 
A3 SOIC 22 

A2. 
A1 
AO 10 
00 11 18 
01 12 
02 13 
Vss 14 

5E 22. 
A11 23 ' 

' A9 24 ' ' A8 25 
A13 26 
A14 27 
Vee 28 VSOP 
VPP 1 
A12 2 

A7 3 
A6 4 
AS 5 

, 

A4 6 , 
A3 7 

, 

Va; 

A14 
A13 
A8 
A9 
A11 
6E 
A10 
Ce 
07 
06 
05 
04 
03 

Vee 
A14 
A13 
A8 
A9 
A11 

OE 
A10 
CE 
07 
06 

05 
04 
03 

• 21 A10 

' ' 20 CE 

' 19 07 
18 06 
17 05 
16 04 
15 03 
14 Vss 
13 02 
12 01 
11 00 
10 AO 

' ', 9 A1 
'8 A2 

DS11124G-page 1 
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PIN FUNCTION TABLE 

Name Function 

AO-A14 Address Inputs 
CE Chip Enable 
OE Output Enable 
VPP Programming Voltage 
00-07 Data Output 
Vee +5V 
Vss Ground 
~ No Connection; No Internal Connection 
NJ Not Used; No External Connection Is 

Allowed 

READ OPERATION Vee= +5V ±10% 

DC Characteristics 

Parameter Part• Status ~mbol 

Input Voltages an Logic '1' VIH 
Lqg!c ·o· VIL 

Input Leakage all lu 

Output Voltages an Logic •1• VOH 
Logic ·o· VOL 

Output Leakage an - ILO 

Input Capacitance an - CIN 

Output Capacitance all - Cour 

Power Supply Current, c TTL input lee1 
Active l,E TTL input lee2 

Power Supply Current, c - lee(S)1 
Stand~Std l,E -
Power Supply Current, c TTL input lee(S)2 
Standby, 'L' version l,E TTL input 

J!ow _Q_owe!}_ l,E CMOS i'!Q_ut 
IPP Read Current all Read Mode IPP 
VPP Read Voltage an Read Mode VPP 

ELECTRICAL CHARACTERISTICS 
Maximum Ratings* 

Vee and input voltages w.r.t. Vss .......... -0.6V to +7.25V 
VPP voltage w.r.t. Vss during 
programming ......................•.................. -0.6V to +14V 
Voltage on As w.r.t. Vss ............................ -0.SV to +13.5V 
Output voltage w.r.t. Vss .................... -0.6V to Vee+1.0V 
Temperature under bias ....................... -65"C to 125"C 
Storage temperature ............................ -65°C to 150"C 
Maximum exposure to UV .................... 7258Wsec/cm2 

ESD protection on all pins .................................... 2 KV 

*Notice: Stresses above those listed under"Maximum Ratings• 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device atthose or any 
other conditions above those indicated in the operation listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

Commercial: Tamb= 0°Cto70°C 
Industrial: Tamb= -40"C to 85°C 
Extended (Automotive): Tamb= -40"C to 125"C 

Min Max Units Conditions 

.2.0 Vee+1 v 
-0.1 0.8 v 
-10 10 µA VIN= -0.1V to Vee+1.0V 

2.4 v IOH= -4 mA 
0.45 v IOL= 16 mA 

-10 10 µA Vour = -0.1 V to 
Vee+0.1V 

- 6 pF VIN = OV; Tamb = 25° C; 
f= 1 MHz 

- 12 pF Vour = OV; Tamb = 25°C; 
f = 1 MHz 

- 55 mA Vee= 5.5V; VPP = Vee 
- 65 mA f =2 MHz; 

OE=CE=VIL; 
lout=OmA; 
VIL = -0.1 to O.SV; 
VIH = 2.0 to v cc; 
Note 1 

- 35 mA 
40 mA 

- 2 mA 
3 mA -

100 µA CE = V cc ±:0.2V 
Vee 100 µA VPP=5.5V 
-0.7 Vee v Note2 

*Parts: C = Commercial Temperature Range; L = Low Power; I, E = Industrial and Extended Temperature 
Ranges; 

Notes: (1) Active current increases 3 mA per MHz for Commercial part or 5 mA per MHz for Industrial or 
Extended Temperature parts up to operating frequency. 

(2) Vee must be applied simultaneously or before VPP, and removed simultaneously or after VPP. 

DS11124G-page 2 © 1994 Microchip Technology Inc. 

7-36 



27HC256 

AC Testing Waveform: V1H = 3.0V and VIL = 0.0V; V OH= VOL = 1.5V 
READ OPERATION Output Load: 1 TTL Load + 30 pF 
AC Characteristics Input Rise and Fall Times: 5ns 

Ambient Temperature: Commercial: Tamb= o·c101o·c 
Industrial: Tamb = -40°C to B5°C 
Extended (Automotive): Tamb = -40°C to 125°C 

Parameter Part• Sym 27HC256·55 27HC256·70 27HC256-90 Units Conditions 

Min Max Min Max Min Max 

- -
Address to Output Delay all !Ace - 55 - 70 - 90 ns CE=OE=VIL 

- -
CE to Output Delay L !CE1 - 55 - 70 - 90 ns OE=VIL 

s !CE2 - 45 - 45 - 50 

-
30 35 40 CE=VL OE to Output Delay an !OE - - - ns 

-
OE to O/P High all !OFF 0 25 0 30 0 35 ns 
Impedance 

Output Hold fro!!!_ an !OH 0 - 0 - 0 - ns 
Address CE or OE, which-
ever goes first 

. Parts: S = Standard Power; L = Low Power 

READ WAVEFORMS 

VIH 
Address Address valid 

VIL 

VIH 

CE 
VIL 

VIH 

OE 
VIL 

VOH 
Outputs HighZ 
00- 07 

Valid Output 
VOL 

!ACC 

Notes: (1) !OFF is specified for OE or CE, whichever occurs first 
(2) OE may be delayed up to tcE - toE after the falling edge of CE without impact on tcE 
(3) This parameter is sampled and is not 100% tested. 

© 1994 Microchip Technology Inc. 
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PROGRAMMING Ambient Temperature: Tamb = 25·c ±5°C 
DC Characteristics Vee=6.5V±0.25V, VPP= 13.0V±0.25V 

Parameter Status Symbol Min Max Units Conditions 

Input Voltages Logic •1• VIH 2.0 Vee+1 v 
Logic •o• VIL -0.1 0.8 v 

Input Leakage - lu -10 10 µA VIN= ov to Vee 

Output Voltages Logic ·1· VOH 2.4 v IOH=-4mA 
Logic"O" VOL 0.45 v IOL= 16 mA 

Vee Current, - Ice - 55 mA 
program & verify 

VPP Current, program - IPP - 30 mA Note 1 

A9 Product Identification - VH 11.5 12.5 v 

Note: (1) Vee must be applied simultaneously or before VPP and removed simultaneously or after VPP. 

PROGRAMMING AC Testing Waveform: VIH = 2.4V and VIL= 0.45V; VOH = 2.0V; VOL= 0.8V 
AC Characteristics Ambient Temperature: Tamb = 25·c ±5°C 
for Program, Program Verify Vee= 6.5V ± 0.25V. v pp= 13.0V ± 0.25V 
and Program Inhibit Modes 

Parameter Symbol Min Max Units Remarks 

Address Set-Up Time tAS 2 - µs 

Data Set-Up Time tcs 2 - µs 

Data Hold Time tDH 2 - µs 

Address Hold Time tAH 0 - µs 

Float Delay (2) tDF 0 130 ns 

Vee Set-Up lime tvcs 2 - µs 

Program PulseWidth (1) tPW 95 105 µs 100 µs typical 

OE Set-Up lime toes 2 - µs 

VPP Set-Up Time tVPS 2 - µs 

Data Valid from OE toe - 100 ns 

Notes: (1) For express algorithm, initial programming width tolerance is 100 µs ±5%. 
(2) This parameter is only sampled and not 100% tested. Output float is defined as the point where data 

is no longer driven (see timing diagram). 

DS11124G-page 4 C 1994 Microchip Technology Inc. 
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PROGRAMMING WAVEFORMS 

VIH 
Address 

VIL 

VIH 
Data 

VIL 

VPP 
5.0V 

Vee 
5.0V 

VIH 
CE 

VIL 

VIH 
OE 

VIL 

Program 

Address Stable 

HighZ 

tDH 

tOE 

(1) 

Verify 

27HC256 

Notes: (1) 
(2) 

toF and toE are characteristics of the device but must be accommodated by the programmer 
Vee= 6.5V ±0.25V, VPP = VH = 13.0V ±0.25V for express algorithm 

FUNCTIONAL DESCRIPTION 

The 27HC256 has the following functional modes: 

--Operation: The 27HC256 can be activated for data 
read, be put in standby mode to lower its power 
consumption, or have the outputs disabled. 

-Programming: To receive its permanent data, the 
27HC256 must be programmed. Both a program and 
program/verify procedure are available. It can be 
programmed with the "Express' algorithm. 

The programming equipment can automatically recog
nize the device type and manufacturer using the identity 
mode. 

© 1994 Microchip Technology Inc. 
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Operation Mode 

Read 
Program 
Program Verify 
Program Inhibit 
Standby 
Output Disable 
Identity 

X = Don1 Care 

Operation 

•Read 
•Standby 

-
CE 

VIL 
VIL 
VIH 
VIH 
VIH 
VIL 
VIL 

• Output Disable 

-
OE VPP A9 00-07 

VIL Vee x Dour 
VIH VH x DIN 
VIL VH x Dour 
VIH VH x HighZ 
x Vee x HighZ 
VIH Vee x HighZ 
VIL Vee VH Identity Code 

Forthe general characteristics in these operation modes, 
refer to the table above. 

DS11124G-page 5 

• 



27HC256 

Read Mode 

For timing and AC characteristics refer to the tables 
Read Waveforms and Read Operation AC Characteris
tics. 

The 27HC256's memory data is accessed when 

- the chip is enabled by setting the CE pin low. 
- the data is gated to the output pins by setting the 

OE pin low. 

For Read operations on the Low Power version, once 
the addresses are stable, the address access time 
(!Ace) is equal to the delay from CE to output (!CE). A 
faster CE access time (!CE) is available on the standard 
part to provide the additional time for decoding the CE 
signal. Data is transferred to the output after a delay 
(!OE) from the falling edge of OE. 

Standby Mode 

The standby mode is entered when the CE pin is high, 
and a program mode is not defined. When these 
conditions are met, the supply current will drop from 55 
mA to 100 µA on !he !ow power part, and to 35 mA on !he 
standard part. 

Output Disable 

This feature eliminates bus contention in multiple bus 
microprocessor systems. The outputs go to a high 
impedance when the OE pin is high, and the program 
mode is not defined. 

Programming Algorithms 

The Express algorithm has been developed to improve 
programming throughput times in a production environ
ment. Up to 1 O pulses of 100 µsec each are applied until 
the byte is verified. No over-programming is required. A 
flowchart of this algorithm is shown in Figure 1. 

The programming mode is entered when: 

a) Vee is brought to the proper level 
b) VPP j§._brought to the proper VH level 
c) the OE pin is high 
d) the CE pin is low 

Since the erased state is '1" in the array, programming 
of 'O" is required. The address of the memory location 
to be programmed is set via pins AO - A 14, and the data 
is presented to pins 00 - 07. When data and address 
are stable, a low going pulse on the CE line programs 
that memory location. 

~ 

After the array has been programmed, it must be verified 
to make sure that all the bits have been correctly 
programmed. This mode is entered when all of the 
following conditions are met: 

a) Vee is at the proper level 
b) VPP is at the proper VH level 
c) the CE pin is high 
d) the OE line is low 

DS11124G-page 6 
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Inhibit Mode 

When Programmin9..._!!!ultiple devices in parallel with 
different data only CE needs to be under separate 
control to each device. By pulsing the CE line low on a 
particular device, that device will be programmed, and 
all other devices with CE held high will not be pro
grammed with the data although address and data are 
available on their input pins. 

ldentitv Mode 

In this mode specific data is read from the device that 
identifies the manufacturer as Microchip Technology, 
and the device type. This mode is entered whEill_Pin A9 
is taken to VH (11.5V to 12.5V). The CE and OE pins 
must be at VIL AO is used to access any of the two non
erasable bytes whose data appears on 00 - 07. 

Pin--- Input Output 

Identity AO 0 0 0 0 0 0 0 0 H 

i 7 6 5 4 3 2 1 0 e 
x 

Manufacturer VIL 0 0 1 0 1 0 0 1 29 
Device Type VIH 1 0 0 1 0 1 0 0 94 

Windowed products offer the ability to erase the memory 
array. The memory matrix is erased to the all "1"s state 
when exposed to ultraviolet light at wavelengths s 4000 
Angstroms (A). The recommended procedure is to 
expose the erasure window of device to a commercial 
UV source emitting at 2537 A with an intensity of 
12,000µW/cm2 at 1 ". The erasure time at that distance 
is about 15 to 20 min. 

Note: Fluorescent lights and sunlight emit rays at the 
specified wavelengths. The erasure time is about 3 
years or 1 week resp. in these cases. To prevent loss of 
data, an opaque label should be placed over the erasure 
window. 

© 1994 Microchip Technology Inc. 



FIGURE 1 • PROGRAMMING EXPRESS ALGORITHM 

Conditions: 
T amb = 25+/-5C 
Vee = 6.5+/-0.25V 
VPP = 13.0+/-0.25V 

© 1994 Microchip Technology Inc. 

Device 
Passed 

ADDA = First Location 
Vee=6.5V 
VPP= 13.0V 

Program one 100 µs pulse 
lncrementX 

No 

Yes 

Increment Address 

Vee= VPP = 4.5V, 5.5V ------' 
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Device 
Failed 

27HC256 
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SALES AND SUPPORT 

To order or to obtain information, e.g., on pricing, or delivery, please use the listed part numbers, and refer to the 

factory or the listed sales offices. 

PART NUMBERS 

27HC256 L -55 I/SO 

Package: 

I 

Temperature 
Range: 

~ 
Access Time: 

Power Type: 

Device: 

DS11124G-page 8 

J 
K 
L 
p 

so 
vs 

I 
E 

55 
70 
90 

L 

27HC256 
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Cerdip DIP 
Ceramic Leadless Chip Carrier 
PLCC 
Plastic DIP 
Plastic SOIC 
Very Small Outline Package (VSOP) 8x13.4mm 

o·cto+1o·c 
-4o·c to +a5·c 
-4o·c to+ 125·c 

55 ns 
70 ns 
90 ns (SOIC only) 

Standard Power 
Low Power 

256K (32K x 8) High Speed EPROM 
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MICROCHIP 27LV256 
256K (32K x 8) Low Voltage CMOS EPROM 

FEATURES 

• Wide voltage range 3.0V to 5.5V 
• High speed performance 

- 200 ns access time available at 3.0V 
• CMOS Technology for low power consumption 

- 8 mA Active current at 3.0V 
- 20 mA Active current at 5.5V 
-100 µA Standby current 

• Factory programming available 
• Auto-insertion-compatible plastic packages 
• Auto ID aids automated programming 
• Separate chip enable and output enable controls 
• High speed "Express· programming algorithm 
• Organized 32K x 8: JEDEC standard pinouts 

- 28-pin Dual-in-line package 
- 32-pin PLCC package 
- 28-pin SOIC package 
- 28-pin VSOP package 
- Tape and reel 

• Available for extended temperature ranges: 
- Commercial: 0°C to 70°C 
- Industrial: -40°C to 85°C 

DESCRIPTION 

The Microchip Technology Inc. 27LV256 is a low voltage 
(3.0 volt) CMOS EPROM designed for battery powered 
applications. The device is organized as a 32K x 8 (32K
Byte) non-volatile memory product. The 27LV256 con
sumes only 8 mA maximum of active current during a 3.0 
volt read operation therefore improving battery perfor
mance. This device is designed for very low voltage 
applications where conventional 5.0 volt only EPROMS 
can not be used. Accessing individual bytes from an 
address transition or from power-up (chip enable pin 
going low) is accomplished in less than 200 ns at 3.0V. 
This device allows systems designers the ability to use 
low voltage non-volatile memory with todays' low volt
age microprocessors and peripherals in battery pow
ered applications. 
A complete family of packages is offered to provide the 
most flexibility in applications. For surface mount appli
cations, PLCC or SOIC packaging is available. Tape 
and reel packaging is also available for PLCC or SOIC 
packages. 

© 1994 Microchip Technology Inc. 
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PIN CONFIGURATIONS 

Vee 
A14 
A13 
A8 

Afj A9 
A11 

A3 OE 
A2 

AO 07 
00 06 
01 05 
02 04 

03 

!<~~~~~~ 
/ l~Jl~Jt'.'J:-:t~Jl~Jl~J 

:~~j •. ~~= 
A4 _?] fj] A11 

A3 EJ f.!6 NC 
A2 ~~J PLCC fjj oe 
A1 1§j fjj A10 
AO ijj fjj CE 
NC "ijj fE 07 
00 1ij fjj 06 

fi1f~1filf~1fiilf~lf~1 

Vpp Vee 
A12 A14 

A7 A13 
AG 4 A8 
Afj 5 A9 
A4 A11 
A3 7 SOIC OE 
A2 A10 
A1 9 ce 
AO 10 07 
00 11 06 
01 12 05 
02 13 04 
Vss 14 03 

C5E 22. . 21 A10 
' A11 23 \ 20 CE 

A9 24 \ 19 07 
AS 25 18 06 

A13 26 17 05 
A14 27 16 04 
Vee 28 

VSOP 
15 03 

VPP 1 14 Vss 
A12 2 13 02 

A7 3 12 01 
AS 4 11 00 
A5 5 , ' ' 

10 AO 
A4 6 ' ' 9 A1 
A3 7 '8 A2 
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PIN FUNCTION TABLE 

Name Function 

AO -A14 Address Inputs 
CE Chip Enable 
OE Output Enable 
VPP Programming Voltage 
00-07 Data Output 
Vee +5V or +3V Power Supply 
Vss Ground 
re No Connection; 

No Internal Connection 
~ Not Used; No External 

Connection is Allowed 

READ OPERATION 
DC Characteristics 

Parameter Part• Status Symbol 

Input Voltages all Logic "1" VIH 
Lqg!c ·o· VIL 

Input Leakage aH lu 

Output Voltages aH Logic '1' VOH 
Logic •o• VOL 

Output Leakage all - I LD 

Input Capacitance all - CIN 

Output Capacitance all - CoUT 

Power Suppy Current, c TTL input ICC1 
Active 

I TTL input ICC2 

Power Supply Current, c TTL input I CC(S) 

Standby I TTL input 
all CMOS input 

•Parts: C =Commercial Temperature Range 
I = Industrial Temperature Range 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings* 

Vee and input voltages w.r.t. Vss .......... -0.SV to +7.25V 
VPP voltage w.r.t. Vss during 

programming .......•....•....•.........•....•.•• -0.6V to +14.0V 
Voltage on A9 w.r.t. Vss ............................ -0.SV to +13.5V 
Output voltage w.r.t. Vss .................. -0.6V to Vee+ 1.0V 
Storage temperature •................•...••..•.. -65"C to 150"C 
Ambient temp. with power applied .•..•.. -65"C to 125"C 

*Notice: Stresses above those listed under"Maximum Ratings" 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device alt hose or any 
other conditions above those indicated in the operation listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

Vee= +5V ±10% or 3.0V where indicated 
Commercial: Tamb= O"Cto 70"C 
Industrial: Tamb= -40"C to 85"C 

Min Max Units Conditions 

2.0 Vcc+1 v 
-0.5 0.8 v 
-10 10 µA VIN =Oto Vee 

2.4 v IOH= -400µA 
0.45 v IOL=2.1 mA 

-10 10 µA VOUT = OV to Vee 

- 6 pf VIN = OV; Tamb = 25"C; 
f = 1 MHz 

- 12 pf VOUT = OV;Tamb= 25"C; 
f= 1 MHz 

- 20@ 5.0V mA Vee = 5.5V; VPP = Vee; 
8 @3.0V mA f= 1 MHz; 

- 25 @5.0V mA OE= CE= VIL; 
10 @3.0V mA lout= OmA; 

VIL = -0.1 to 0.8V; 
VIH = 2.0 to Vee; 
Note 1 

- 1@ 3.0V mA 
2@3.0V mA 

100@ 3.0V µA CE = V cc ±0.2V 

Notes: (1) Active current increases 5 mA per MHz up to operating frequency for all temperature ranges. 

0$110200-2 © 1994 Microchip Technology Inc. 
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READ OPERATION AC Testing Waveform: VIH = 2.4V and VIL = 0.45V; V OH= 2.0V VOL =0.BV 

AC Characteristics Output Load: 1 TTL Load+ 100 pF 
Input Rise and Fall Times: 10 ns 
Ambient Temperature: Commercial: Tamb= o·c101o·c 

Industrial: Tamb= -40'C to 85°C 

Parameter Sym 27LV256-20 27LV256-25 27LV256-30 Units Conditions 

Min Max Min Max Min Max 

- -
Address to Output Delay IACC - 200 - 250 - 300 ns CE=OE=VIL 

-
CE to Output Delay tee - 200 - 250 - 300 ns OE=VIL 

-
OE to Output Delay !OE - 100 - 125 - 125 ns CE=VL 

CE or OE to O/P High !OFF 0 50 0 50 0 50 ns 
Impedance 

Output Hold fro.!!!_ !OH 0 - 0 - 0 - ns 
Address CE or OE, 
whichever goes first 

READ WAVEFORMS 

VIH 
Address Address Valid 

VIL 

VIH 
CE 

VIL 
- tCE(2) 

VIH 
OE 

VIL 

Outputs VOH 
HighZ 

00-07 
VOL 

Valid Output 
HighZ 

----- tACC ----1~ 

Notes: (1) tOFF is specified for OE or CE, whichever occurs first 
(2) OE may be delayed up to tcE - toe after the falling edge of CE without impact on ICE 
(3) This parameter is sampled and is not 100% tested. 

© 1994 Microchip Technology Inc. 
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PROGRAMMING Ambient Temperature: Tamb = 25"C ±5°C 

DC Characteristics Vee= 6.5V±0.25V, VPP= 13.0V ±0.25V 

Parameter Status Symbol Min Max Units Conditions 

Input Voltages Logic '1' VIH 2.0 Vcc+1 v 
Logic ·o· VIL -0.1 0.8 v 

Input Leakage - lu -10 10 µA VIN= OVto Vee 

Output Voltages Logic '1' VOH 2.4 v IOH = -400 µA 
Logic •o• VOL 0.45 v IOL=2.1 mA 

Vee Current, program and verify - lcc2 - 20 mA Note 1 

VPP Current, program - IPP2 - 25 mA Note 1 

A9 Product Identification - VH 11.5 12.5 v 

Note: (1) Vee must be applied simultaneously or before VPP and removed simultaneously or after VPP 

PROGRAMMING AC Testing Waveform: VIH = 2.4V and VIL = 0.45V; v OH= 2.0V; v OL = O.BV 
AC Characteristics Output Load: 1 TTL Load+ 100 pF 
for Program, Program Verify Ambient Temperature: Tamb = 25"C ±5°C 
and Program Inhibit Modes Vee= 6.5V ± 0.25V, v pp= 13.0V ± 0.25V 

Parameter Symbol Min Max Units Remarks 

Address Set-Up Time !AS 2 - µs 

Data Set-Up Time IDS 2 - µs 

Data Hold Time !DH 2 - µs 

Address Hold Time !AH 0 - µs 

Float Delay (2) tDF 0 130 ns 

Vee Set-Up Time tvcs 2 - µs 

Program Pulse Width (1) !PW 95 105 µs 1 oo µs typical 

-
CE Set-Up Time ICES 2 - µs 

OE Set-Up Time IOES 2 - µs 

VPP Set-Up Time tVPS 2 - µs 

-
Data Valid from OE !OE - 100 ns 

Notes: (1) For express algorithm, initial programming width tolerance is 100 µs ±5%. 
(2) This parameter is only sampled and not 100% tested. Output float is defined as the point where data 

is no longer driven (see timing diagram). 

08110200-4 © 1994 Microchip Technology Inc. 
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PROGRAMMING WAVEFORMS 

VIH 
Address 

VIL 

VIH 
Data 

VIL 

VPP 
5.0V 

Vee 
5.0V 

VIH 
CE 

VIL 

VIH 
OE 

VIL 

Notes: (1) 
(2) 

MODES 

Operation Mode CE 

Read VIL 
Program VIL 
Program Verify VIH 
Program Inhibit VIH 
Standby VIH 
Output Disable VIL 
Identity VIL 

X=Don~Care 

Program 

Address Stable 

tDH 

tOES 

HighZ 

tOE 
(1) 

Verify 

toF and tOE are characteristics of the device but must be accommodated by the programmer 
Vee= 6.5V ±0.25V, VPP = VH = 13.0V ±0.25V for express algorithm 

OE VPP A9 

VIL Vee x 
VIH VH x 
VIL VH x 
VIH VH x 
x Vee x 

VIH Vee x 
VIL Vee VH 

00-07 

Dour 
DIN 
Dour 
HighZ 
HighZ 
HighZ 
Identity Code 

Read Mode 

(See Timing Diagrams and AC Characteristics) 

Read Mode is accessed when 

a) the CE pin is low to power up (enable) the chip 

b) the OE pin is low to gate the data to the output 
pins. 

For Read operations, if the addresses are stable, the 
address access time (tAcc) is equal to the delay from CE 
to output (ICE). Data is transferred to the output after a 
delay from the falling edge of OE (toE). 

© 1994 Microchip Technology Inc. 05110200-5 
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Standby Mode 

The standby mode is defined when the CE pin is high 
(VIH) and a program mode is not defined. 

Output Enable 

This feature eliminates bus contention in multiple bus 
microprocessor systems and the outputs go to a high 
impedance when the following condition is true: 

• The OE pin is high and program mode is not defined. 

Programming Mode 

The Express algorithm has been developed to improve 
on the programming throughput times in a production 
environment. Up to 10 100-microsecond pulses are 
applied unti! the b}rte is verified. Ne ovar~programming 
is required. A flowchart of the express algorithm is 
shown in Figure 1. 

Programming takes place when: 

a) Vee is brought to proper voltage, 
b) VPP is brought to proper VH level, 
c) The OE pin is high and 
d) the CE pin is low. 

Since the erased state is "1" in the array, programming 
of "O" is required. The address to be programmed is set 
via pins AO-A 14 and the data to be programmed is 
presented to pins 00-07. When data and address are 
stable, a low-going pulse on the CE line programs that 
location. 

0$110200-6 
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After the array has been programmed it must be verified 
to ensure all the bits have been correctly programmed. 
This mode is entered when all the following conditions 
are met: 

a) Vee is at the proper level, 
b) VPP ~at the proper VH level, 
c) The CE pin is high and 
d) the OE line is low. 

When programming multiple devices in parallel with 
different data, only CE need be under separate control 
to each device. By pulsing the CE line low on a particular 
device, that device will be programmed; all other devices 
"·;ith CE held high wm not be piogiammed with the data, 
although address and data will be available on their input 
pins. 

Identity Mode 

In this mode specific data is outputted which identifies 
the manufacturer as Microchip Technology Inc. and 
device type. This mode is entered when Pin A9 is taken 
to VH (11.SV to 12.SV). The CE and OE lines must be 
at VIL. AO is used to access any of the two non-erasable 
bytes whose data appears on 00 through 07. 

Pin--- Input Output 

Identity AO 0 0 0 0 0 0 0 0 H 

J 7 6 5 4 3 2 1 0 e 
x 

Manufacturer VIL 0 0 1 0 1 0 0 1 29 
Device Type* VIH 1 0 0 0 1 1 0 0 8C 

* Code subject to change. 

© 1994 Microchip Technology Inc. 



FIGURE 1 • PROGRAMMING EXPRESS ALGORITHM 

Conditions: 
Tami>= 25"C ±5"C 
Vee = 6.5 ±0.25V 
VPP = 13.0 ±0.25V 

© 1994 Microchip Technology Inc. 

Device 
Passed 

ADDA = First Location 
Vee=6.5V 
VPP= 13.0V 

Program one 100 µs pulse 
lncrementX 

No 

Yes 

Increment Address 

Vee= VPP = 4.5V, 5.5V 
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Device 
Failed 

27LV256 
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SALES AND SUPPORT 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 

PART NUMBERS 

27LV256 -~ I/L 
1 

Package: 

08110200-8 

l Temperature 
Range: 

I Access Time: 

I 

1 Device: 

L Plastic Leaded Chip Carrier 
P Plastic DIP 

SO Plastic SOIC 
VS Very Small Outline Package (VSOP) 8x13.4mm 

20 
25 
30 

27LV256 

7-50 

o·c to1o·c 
-4o·c to as·c 

200ns 
250ns 
300ns 

256K (32K x 8) Low Voltage CMOS EPROM 

© 1994 Microchip Technology Inc. 



MICROCHIP 27HC1616 
256K (16K x 16) High Speed CMOS EPROM 

FEATURES 
• 16 bit configuration 
• High speed performance 

-55 ns access time available 
• CMOS Technology for low power consumption 

-90 mA Active current 
-50 mA Standby current 

• WordWide architecture offers space saving over 
Bytewide memories 

• Organized 16K x 16: JEDEC standard pinouts 
-40-Pin ceramic dual in line package 
-44-Pin ceramic leadless chip carrier 

• Temperature range available: 
-Commercial: o·c to +70"C 
-Industrial: -40"C to +85"C 

PIN CONFIGURATION 

v,.. 
CE 
Ot5 

Top View 

gg 51~ ~~~I~~~~ 
Ot2 

Ott 

Oto 

09 

08 

Vu 

07 
06 

05 

02 

01 

00 

i5E ._ ___ _. 

DIP 

AtO 

A9 

Vu 

A8 

A7 

A6 

AS 

A3 

A2 

6 5 4 3 2 14443424140 
012 7 39 
011 8 39 
010 9 37 
oo to 

0 
36 

08 t1 35 
Vss 12 34 
NC t3 33 
07 14 32 
06 15 31 
05 16 30 

04 1 ~,~~;1122232425262728 29 

88 081~~~< ~~: 

LCC 

© 1993 Microchip Technology Inc. 
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At2 
Att 
AtO 
A9 
Vss 
NC 
A8 
A7 
A6 
AS 
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DESCRIPTION 
The Microchip Technology Inc. 27HC1616 is a CMOS 
16K x 16 (256K) Programmable Read Only Memory. 
The device operates at Bipolar PROM speeds but uses 
far lesscurrentthan any Bipolar PROM. The 27HC1616 
is an excellent choice for any application requiring 
blazing speeds and low power consumption. The word 
wide (16 bit) architecture can replace two 8 bit EPROMS 
in any 16 bit application saving valuable printed circuit 
space and components costs. Typical applications for 
the 27HC1616 include automotive systems control, high 
speed modems, digital signal processing, or any appli
cation that uses the 80386, 68030, 29000, etc. high 
performance microprocessors. 

BLOCK DIAGRAM 

CE 

0E 
PGM 

VPP 

Vss 

Vee 

Chip Enable/ 
Output Enable 
Control Logic 

Programming 
Logic 

00 ............... 015 

Output Buffers 

AO~_J__r---,L_.r------ic__r------_., 

I 
I 
I 
I 

I 

A13 

YGating 

256Kbit 
Cell Matrix 
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PIN FUNCTION TABLE 

Name Function 

AO-A13 Address Inputs 
CE Chip Enable 
OE Output Enable 
PGM Program Enable 
VPP Programming Voltage 
00-015 Data Output 
Vee +5V Power Supply 
Vss Ground 
r-c No Connection; No 

Internal Connection 

READ OPERATION 
DC Characteristics 

Parameter Part Status Symbol 

Input Voltages all Logic '1' VIH 
LQgic ·o· VIL 

Input Leakage all - lu 

Output Voltages al Logic '1' VOH 
Loaic ·o· VOL 

Output Leakage all - ILO 

Input Capacitance all - GIN 

Output Capacitance al - Gour 

Power Supply Current, all TTL input ICC 
Active 

Power Supply Current, all - Ice 
Standl:>y_ 
I PP Read Current al Read Mode IPP 
VPP Read Voltage all Read Mode VPP 

ELECTRICAL CHARACTERISTICS 
Maximum Ratings* 

Vee and input voltages w.r.t. Vss .......... -0.SV to +7.25V 
VPP voltage w.r.t. Vss during 
programming .................................... -0.6V to +14.0V 

Voltage on A9 w.r.t. Vss ............................ -0.SV to +13.5V 
Output voltage w.r.t. Vss .................... -0.SV to Vee +1.0V 
Temperature under bias ....................... -65°C to 125°C 
Storage temperature ............................ -65°C to 1so·c 
ESD protection on all pins ..................................... 2KV 

*Notice: Stresses above those listed under"Maximum Ratings" 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device atthose or any 
other conditions above those indicated in the operation listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

Vee = +5V ±10% 
Commercial: Tamb= o·c to1o·c 
Industrial: Tamb= -40°C to ss·c 

Min Max Units Conditions 

2.0 Vcc+1 v 
-0.1 0.8 v 
-10 10 µA VIN = -0.1 to V CC+ 1.0V 

2.4 v IOH=-2 mA 
0.45 v IOL-8mA 

-10 10 µA VOUT = -0.1 to Vee+ 0.1V 

- 6 pF VIN = OV; Tamb = 25°C; 
f - 1_ ~ .. 11-1; 

- 12 pF Vour = OV;Tamb= 25°C; 
f= 1 MHz 

- 90 mA Vee = 5.5V; VPP = Vee 
f = 2 MHz; 
OE =CE =VIL; 
lout= 0 mA; 
VIL = -0.1 to 0.8V; 
VIH = 2.0 to Vee; 
Note 1 

- 50 mA 

100 µA VPP=5.5V 
Vcc-0.7 Vee v Note2 

Notes: (1) Active current increases 2 mA per MHz up to operating frequency. 
(2) Vee must be applied simultaneously or before VPP and be removed simultaneously or after VPP. 

DS11010E-page 2 © 1993 Microchip Technology Inc. 
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READ OPERATION AC Testing Waveform: VIH = 3.0V and VIL = O.OV; V OH= VOL = 1.5V 

AC Characteristics Output Load: 1 TTL Load + 30 pF 
Input Rise and Fall Times: 5 ns 
Ambient Temperature: Commercial: Tamb= O'Cto70'C 

Industrial: Tamb= -40'C to 85'C 

Parameter Part Sym 27HC1616-55 27HC1616-70 Units Conditions 

Min Max Min Max 

- -
Address to Output Delay an tACC - 55 - 70 ns CE =OE=VIL 

-
CE to Output Delay all tCE2 - 35 - 45 ns OE=VIL 

-
OE to Output Delay an toe - 30 - 35 ns CE=VL 

- -
CE or OE to O/P High an tOFF 0 20 0 25 ns 
Impedance 

Output Hold from_ all tOl-I 0 - 0 - ns 
Address CE or OE, which-
ever occurs first 

READ WAVEFORMS 

VIH 
Address Address valid 

VIL 

VIH 

CE 
VIL 

tCE(2) 

VIH 
OE 

VIL 

Outputs 
VOH 

HighZ 
00-015 VOL 

Valid Output 
HighZ 

----- tACC ----t~ 

Notes: (1) tOFF is specified for OE or CE, whichever occurs first 
(2) OE may be delayed up to tee - toe after the falling edge of CE without impact on tee 
(3) This parameter is sampled and is not 100% tested. 

© 1993 Microchip Technology Inc. DS11010E-page 3 
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PROGRAMMING Ambient Temperature: 25'C ±5'C 

DC Characteristics For VPP and Vee Voltages refer to Programming Algorithm 

Parameter Status Symbol Min Max Units Conditions 

Input Voltages Logic '1" VIH 2.0 Vcc+l v 
Logic ·o· VIL -0.1 0.8 v 

Input Leakage - IU -10 10 µA VIN=-.1V toVcc+l.OV 

Output Voltages Logic '1" VOH 2.4 v IOH=-2mA 
Logic 'O" VOL - 0.45 v IOL=BmA 

Vee Current, program & verify - Ice - 90 mA Note 1 

VPP Current.program - IPP - 50 mA Note 1 

A9 Product Identification - VH 11.5 12.5 v 

Note: (1) Vee must be applied simultaneously or before VPP and removed simultaneously or after VPP 

PROGRAMMING AC Testing Waveform: VIH = 2.4V; VIL= 0.45V; VoH = 2.0V and VOL= O.BV 
AC Characteristics Ambient Temperature: 25'C±5'C 

for Program, Program Verify For V PP and Vee Voltages, refer to Programming Algorithm 

and Program Inhibit Modes 

Parameter Symbol Min Max Units Remarks 

Address Set-Up Time !AS 2 - µs 

Data Set-Up Time IDS 2 - µs 

Data Hold Time !DH 2 - µs 

Address Hold Time !AH 0 - µs 

Float Delay (2) !OF 0 130 ns 

Vee Set-Up Time tvcs 2 - µs 

Program Pulse Width (1) !PW 95 105 µs 100 µs typical 

-
CE Set-Up Time ICES 2 - µs 

OE Set-Up Time !OES 2 - µs 

VPP Set-Up Time IVPS 2 - µs 

-
Data Valid from OE !OE - 100 ns 

Notes: (1) For express algorithm, initial programming width tolerance is 100 µs ±5%. 
(2) This parameter is only sampled and not 100% tested. Output float is defined as the point where data 

is no longer driven (see timing diagram). 

DS11010E-page 4 © 1993 Microchip Technology Inc. 
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PROGRAMMING 
Waveforms 

27HC1616 

------- Program -----*"'>-----Verify ----~ 

Address 

Data 

VPP 

Vee 

CE 

PGM 

OE 

5.0V 

5.0V 

VIH 

VIL 

VIH 

VIL 

V1H 

VIL 

HighZ 

tOE 
(1) 

Notes: (1) 
(2) 

toF and toE are characteristics of the device but must be accomodated by the programmer 
Vee= 6.5V ±0.25V, VPP = VH = 13.0V ±0.25V for express algorithm 

FUNCTIONAL DESCRIPTION 

The 27HC1616 has the following functional modes: 

-Operation: The 27HC1616 can be activated for data 
read, be put in standby mode to lower its power 
consumption, or have the outputs disabled. 

-Programming: To receive its permanent data, the 
27HC1616 must be programmed. Both a program 
and program/verify procedure is available. The Ex
press programming algorithm is recommended. 

The programming equipment can automatically recog
nize the device type and manufacturer using the identity 
mode. 

For the general characteristics in these operation and 
programming modes, refer to the table. 

© 1993 Microchip Technology Inc. 
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Operation Mode 

Read 
Program 
Program Verify 
Program Inhibit 
Standby 
Output Disable 
Identity 

X = Don't Care 
VH = 12.0 ±0.SV 

CE 

VIL 
VIL 
VIH 
VIH 
VIH 
x 

VIL 

-
OE PGM VPP A9 00- 015 

VIL VIH Vee x Ow 
VIH VIL VH x °" VIL VIH VH x Ow 
x x VH x HighZ 
x x Vee x HighZ 

VIH VIH Vee x HighZ 
VIL VIH Vee VH Identity Code 

DS11010E-page 5 
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OPERATION 

Read Mode 

For timing and AC characteristics refer to the tables 
Read Waveforms and Read Operation AC Characteris
tics. 

The 27HC1616's memory data is accessed when 

-the chip is enabled by setting the CE pin low. 
-the data is gated to the output pins by setting the OE 

pin low. 

Standby Mode 

The standby mode is entered when the CE pin is high, 
and the program mode is not defined. When these 
conditions are met, the supply current will drop from 90 mA 
to 50mA. 

Output Disable 

This feature eliminates bus contention in multiple bus 
microprocessor systems. The outputs go to a high 
impedance when the OE pin is high, and the program 
mode is not defined. 

ProgrammingNerification 

The 27HC1616 has to be programmed, and afterward 
the programmed information verified. Before these 
operations, the Identity Code can be read to properly set 
up automated equipment. Multiple devices in parallel 
can be programmed using the programming and inhibit 
modes. 

Programming Algorithm 

The 'Express' algorithm has been developed to improve 
programming through-put times in a production environ
ment. Up to 1 O pulses of 100 µs each are applied until 
the byte is verified. No overprogramming is required. A 
flowchart of this algorithm is shown in Figure 2. 

The programming mode is entered when: 

a) Vee is brought to the proper level 
b) VPP is brought to the proper VH level 
c) the OE: pin is high 
d) the Ci: pin is low, and 
e) the PGM pin is pulsed low. 

Since the erased state is "1" in the array, programming 
of "O" is required. The address of the memory location 
to be programmed is set via pins AO - A 13, and the data 
is presented to pins 00 - 015. When data and address 
are stable, a low going pulse on the CE line programs 
that memory location. 

Verify 

Afterthe array has been programmed, ii must be verified 
to make sure that all the bits have been correctly 
programmed. This mode is entered when all of the 
following conditions are met: 

a) Vee is at the proper level 
b) VPP .§_at the proper VH level 
c) the OE line is low 
d) the CE pin is low, and 
e) the PGM line is high. 

Inhibit Mode 

When Programming multiple devices in parallel with 
different data only PGM needs to be under separate 
control to each device. By pulsing the PGM line low on 
a particular device, that device will be programmed, and 
all other devices with corresponding PGM or CE held 
high will not be programmed with the data although 
address and data are available on their input pins. 

Identity Mode 

In this mode specific data is read from the device that 
identifies the manufacturer as Microchip Technology, 
and the device type. This mode is entered whe!!_Pin A9 
is taken to VH (11.5V to 12.5V). The CE and OE pins 
must be at VIL. AO is used to access any of the two non
erasable bytes whose data appears on 00 - 07. 

Pin--- Input Output" 

Identity AO 00 0 00 0 0 0 

i 7 6 5 4 3 2 1 0 

Manufacturer VIL 0 0 1 0 1 0 0 1 
Device Type* VIH 1 0 0 1 0 1 1 1 

*Code subject to change. 
Note: 015 - 08 are 00 for the manufacturer and 

device type code. 

Erasure 

H 
e 
x 

29 
97 

Windowed products offer the ability to erase the memory 
array. The memory matrix is erased to the all "1"s state 
as a result of being exposed to ultra-violet light at 
wavelengths s 4000 Angstroms (A). The recommended 
procedure is to expose the erasure window of device to 
a commercial UV source emitting at 2537A with an 
intensity of 12,000µW/cm2 at1 '. The erasure time atthat 
distance is about 15 to 20 minutes. 

Note: Fluorescent lights and sunlight emit rays at the 
specified wavelengths. The erasure time is about 
3 years or 1 week resp. in these cases. To 
prevent loss of data, an opaque label should be 
placed over the erasure window. 

DS11010E-page 6 © 1993 Microchip Technology Inc. 
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FIGURE 1 • PROGRAMMING EXPRESS ALGORITHM 

Conditions: 
T arrb = 25·c ±5°C 
Vee = 6.5 ±0.25V 
VPP = 13.0 ±0.25V 

© 1993 Microchip Technology Inc. 

ADDA = First Location 
Vee= 6.5V 
VPP= 13.0V 

~--• Program one 100 µs pulse 
Increment X 

Device 
Passed 

No 

Yes 

Increment Address 

Vee= VPP = 4.5V, 5.SV 
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Device 
Failed 

27HC1616 

.. 
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27HC1616 

SALES AND SUPPORT 
To order or to obtain infonnation, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 

PART NUMBERS 

27HC1616 - 5~ ~/ P 

~·~-
.ii Temperature 

Range: 

1 Access Time: 

J Cerdip DIP 
K Ceramic Leadless Chip Carrier 

o·c to 1o·c 
-40°C to ss·c 

55 55ns 
70 70ns 

'---------1 Device: 27HC1616 

DS11010E-page 8 © 1993 Microchip Technology Inc. 

7-58 



MICROCHIP 27C512 
512K (64K x 8) CMOS EPROM 

FEATURES 

• High speed performance 
-90 ns access time available 

• CMOS Technology for low power consumption 
-35 mA Active current 
-100 µA Standby current 

• Factory programming available 
• Auto-insertion-compatible plastic packages 
• Auto ID aids automated programming 
• High speed express programming algorithm 
• Organized 64K x 8: JEDEC standard pinouts 

-28-pin Dual-in-line package 
-32-pin Chip carrier (leadless or plastic) 
-28-pin SOIC package 
-28-pin TSOP package 
-Tape and reel 

• Available for the following temperature ranges: 
-Commercial: o·c to 1o·c 
-Industrial: -40°C to 85°C 
-Automotive: -40°C to 125·c 

PIN CONFIGURATIONS 

OEVPP 1.. ,' 28 A10 

~=\ ;:~ 
A84 \ 2506 

~ .i =].~ ________ [ ~ ~ 
A6 11 / ' 18 00 
A5 12 : 17 AO 
A4 13 / 16 A1 
A3 14·' • 15 A2. 

TSOP 

© 1994 Microchip Technology Inc. 

DESCRIPTION 

The Microchip Technology Inc. 27C512 is a CMOS 
512K bit (electrically) Programmable Read Only Memory. 
The device is organized into 64K words by 8 bits (64K 
bytes). Accessing individual bytes from an address 
transition or from power-up (chip enable pin going low) 
is accomplished in less than 90 ns. This very high speed 
device allows the most sophisticated microprocessors 
to run at full speed without the need for WAIT states. 
CMOS design and processing enables this part to be 
used in systems where reduced power consumption and 
high reliability are requirements. 

A complete family of packages is offered to provide the 
most flexability in applications. For surface mount 
applications, PLCC or SOIC packaging is available. 
Tape or reel packaging is also available for PLCC or 
SOIC packages. UV erasable versions are also avail
able. 

Top View 

l~J l~J l~J :-; l~Jt~Jl~J 
A6 EJ •. :~AB 
AS EJ f_2~ A9 

A4 .!~J Liff A11 
A3 8-i 126 NC 

A2 !~J f~ OE/VPP 
A1 j§j fj~ A10 
AO _ti] fjj CE 
NC jjj L~ 07 
00 j~j fjj 06 

filf~lfilf~lf~lf~lf&l 

PLCC/LCC 
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A15 

A12 

A7 

AS 

A5 
A4 

A3 

A2 

A1 

AO 
OD 
01 
02 13 

Vss 14 

DIP/SOIC 

Vee 
A14 

A13 

A8 

A9 
A11 

OENPP 
A10 

CE 
07 
06 
05 
04 
03 
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27C512 

PIN FUNCTION TABLE 

Name Function 

AO-A15 Address Inputs 
CE Chip Enable 
OEN PP Output Enable/ 

Programming Voltage 
00-07 Data Output 
Vee +5V Power Supply 
Vss Ground 
lie No Connection; No Internal 

Connection 
t.lJ Not Used; No External 

Connection Is Allowed 

READ OPERATION 
DC Characteristics 

Parameter Part* Status Symbol 

Input Voltages all Logic '1' VIH 
LQ!l.ic "O' VIL 

Input Leakage all lu 

Output Voltages all Logic'1' VOH 
Logic "O' V0t.. 

Output Leakage aR - ILO 

Input Capacitance al - CtN 

Output Capacitance all - CouT 

Power Supply Current, c TTL input Ice 
Active l,E TTL input Ice 

Power Supply Current, c TTL input lee(S)ffi 
Standby l,E TTL input ICC(S)TIL 

c CMOS input ICC(S)CMOS 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings* 

Vee and input voltages w.r.t. Vss .......... -0.6V to +7.25V 
VPP voltage w.r.t. Vss during 

programming •......•••.....•....•.•••.....•..... -0.6V to +14.0V 
Voltage on A9 w.r.t. Vss ............................ -0.ev to +13.5V 
Output voltage w.r.t. Vss .................. -0.6V to Vee+ 1.0V 
Storage temperature ....•.......•............•.. -65'C to 150'C 
Ambient temp. with power applied ..•...• -65'C to 125'C 

*Notice: Stresses above those listed under "Maximum Ratings" 
may caµse permanent damage to the device. This is a stress 
rating only and functional operation of the device at those or any 
other conditions above those indicated in the operation listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

Vee= +5V ±10% 
Commercial: Tamb= O'Cto70'C 
Industrial: Tamb = -40'C to 85'C 
Extended (Automotive): Tamb = -40'C to 12s·c 

Min Max Units CondHlons 

2.0 Vcc+1 v 
-0.5 0.8 v 
-10 10 µA VIN =Oto Vee 

2.4 v IOH=-400 µA 
0.45 v IOL=2.1 mA 

-10 10 µA Vour = ov to Vee 

- 6 pF VIN = OV; Tamb = 25'C; 
f= 1 MHz 

- 12 pF Vour = OV;Tamb= 25'C; 
f= 1 MHz 

- 35 mA Vcc=5.5V 
- 45 mA f= 1 MHz;_ 

OENPP= CE"' VIL; 
lout=OmA; 
VIL = -0.1 to 0.8V; 
VIH = 2.0to Vee; 
NoteJ.ll. 

- 2 mA 
- 3 mA 
- 100 µA CE= Vee ±0.2V 

*Parts: C = Commercial Temperature Range; I, E = Industrial and Extended Temperature Ranges 
Notes: (1) Active current increases 2 mA per MHz up to operating frequency for all temperature ranges. 

OS11006J-page 2 C 1994 Microchip Technology Inc. 
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27C512 

READ OPERATION AC Testing Waveform: VIH = 2.4V and VIL = .45V; V OH= 2.0V and VOL = O.BV 

AC Characteristics Output Load: 1 TTL Load+ 100 pF 
Input Rise and Fall Times: 1 Onsec 
Ambient Temperature: Commercial: Tamb= o·c101o·c 

Industrial: Tamb = -40"C to as·c 
Extended (Automotive): Tamb = -40"C to 125"C 

Parameter Sym 27C512·90* 27C512·10 27C512·12 27C512·15 27C512·20 Units 

Min Max Min Max Min Max Min Max Min Max 

Address to Output IACC - 90 - 100 - 120 - 150 - 200 ns 
Delay 

CEto Output Delay ICE - 90 - 100 - 120 - 150 - 200 ns 

OE to Output Delay toe - 40 - 40 - 50 - 60 - 75 ns 

OE to Output High !OFF 0 35 0 35 0 40 0 45 0 55 ns 
Impedance 

Output Hold from !OH 0 - 0 - 0 - 0 - 0 - ns 
Address, CE or 
OENPP, whichever 
occured first 

• -90 AC Testing Waveform: VIH = 2.4V and VL = .45V; VOH = 1.5V and v OL = 1.5V 
Output Load: 1 TTL Load + 30 pF 

READ WAVEFORMS 

VIH 
Address Address Valid 

VIL 

VIH 
CE 

VIL 
tcE(2) ----I~ 

VIH 
OEN PP 

VL 

Outputs 
VOH 

HighZ 
00-07 VOL 

Valid Output 

---- tACC ------I~ 

Notes: (1) !OFF is specified for OENPP or CE, whichever occurs first 
(2) OE may be delayed up to ICE - toE after the falling edge of CE without impact on ICE 
(3) This parameter is sampled and is not 100% tested. 

C 1994 Microchip Technology Inc. 
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Conditions 

- -
CE= OENPP =VIL 

OENPP=VIL 

CE=VL 

HighZ 
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27C512 

PROGRAMMING Ambient Temperature: 25'C ±5'C 

DC Characteristics Vee= 6.5V ± 0.25V, OEN PP= VH = 13.0V ± 0.25V 

Parameter Status Symbol Min Max Units Conditions (See Note 1) 

Input Voltages Logic '1' VIH 2.0 Vcc+1 v 
Logic •o• VIL -0.1 0.8 v 

Input Leakage - IU -10 10 µA VIN= ov to Vee 

Output Voltages Logic •1• VOH 2.4 v IOH = -400µA 

Logic •o• VOL - 0.45 v IOL=2.1 mA 

Vee Current, program & verify - ICC2 - 35 mA 

OEN PP Current, program - IPP2 - 25 mA CE=VL 

A9 Product Identification - VID 11.5 12.5 v 
Note: (1) Vee must be applied simultaneously or before the VPP voltage on OENPP and removed simultaneously 

or after the V PP voltage on OEN PP. 

PROGRAMMING AC Testing Waveform: VIH = 2.4V and VIL = 0.45V; v OH= 2.0V; v OL = O.BV 
AC Characteristics Ambient Temperatur~ 25'C ±5'C 
for Program, Program Verify Vee = 6.5V ± 0.25V' OEN pp = VH = 13.0V ± 0.25V 
and Program Inhibit Modes 

Parameter Symbol Min Max Units Remarks 

Address Set-Up Time tAS 2 - µs 

Data Set-Up Time tos 2 - µs 

Data Hold Time tDH 2 - µs 

Address Hold Time !AH 0 - µs 

Float Delay (2) !OF 0 130 ns 

Vee Set-Up Time tvcs 2 - µs 

Program Pulse Width (1) tPW 95 105 µs 100 µs typical 

-
CE Set-Up Time tCES 2 - µs 

OE Set-Up Time !OES 2 - µs 

OE Hold Time tOEH 2 - µs 

-
OE Recovery Time !OR 2 - µs 

-
OENPP Rise Time During Programming !PAT 50 - ns 

Notes: (1) For express algorithm, initial programming width tolerance is 100 µs ± 5%.~ is 100 µs ±5%. 
(2) This parameter is only sampled and not 100% tested. Output float is defined as the point where data 

is no longer driven (see timing diagram). 

DS11006J-page 4 © 1994 Microchip Technology Inc. 
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PROGRAMMING 
Waveforms (1) 

VIH 
Address 

VIL 

VIH 
Data 

VIL 

6.5 v (3) 
Vee 

5.0V 

VIH 
CE 

VIL 

13.0 v (3) 
OEN PP 

VIL 

!PRT 

27C512 

------- Program------1-----Verify ----~ 

Address Stable 

!DH- !OF 
(2) 

!PW 

!OEH 

tee 
(2) 

I'---- - - _ _;-

Notes: (1) The input timing reference level is 0.8V for VIL and 2.0V for VIH. 
(2) toF and !OE are characteristics of the device but must be accommodated by the programmer. 
(3) Vee= 6.5V ±0.25V, VPP = VH = 13.0V ±0.5V for express programming algorithm. 

MODES 

Operation Mode CE OEN PP 

Read VIL VIL 
Program VIL VH 
Program Verify VIL VIL 
Program Inhibit VIH VH 
Standby VIH x 
Output Disable VIL VIH 
Identity VIL VIL 

X =Don, Care 

© 1994 Microchip Technology Inc. 

A9 00-07 

x Dour 
x DIN 
x Dour 
x HighZ 
x HighZ 
x HighZ 
VH Identity Code 

Read Mode 

(See Timing Diagrams and AC Characteristics) 

Read Mode is accessed when 

a) the CE pin is low to power up (enable) the chip 

b) the OENPP pin is low to gate the data to the 
output pins. 

For Read operations, if the addresses are stable, the 
address access time (!Ace) is equal to the delay from CE 
to output (tcE). Data is transferred to the output after a 
delay (!OE) from the falling edge of OENPP. 

DS11006J-page 5 
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27C512 

Standby Mode 

The standby mode is defined when the CE pin is high 
and a program mode is not identified. 

When this condition is met, the supply current will drop 
from 35 mA to 100 µA. 

Output Enable OENee 

This multifunction pin eliminates bus connection in mul
tiple bus microprcessor systems and the outputs go to 
high impedance when: 

• the OE/Vee pin is high (V1H). 

When a VH input is applied to this pin, it supplies the 
programming voltage (Vee) to the device. 

Erase Mode (UV Windowed Version$) 

Windowed products offer the ability to erase the memory 
array. The memory matrix is erased to the all "1 's" state 
as a result of being exposed to ultraviolet light. To 
ensure complete erasure, a dose of 15 watt-second/cm2 

is required. This means that the device window must be 
placed within one inch and directly underneath an ultra
violet lamp with a wavelength of 2537 Angstroms, inten
sity of 12,000µW/cm2 for approximately 20 minutes. 

Programming Mode 

The Express algorithm has been developed to improve 
on the programming throughput times in a production 
environment. Up to 10 100-microsecond pulses are 
applied until the byte is verified. A flowchart of the 
Express algorithm is shown in Figure 1. 

Programming takes place when: 

a) Vee is brought to the proper voltage, 
b) OE/Vee is brought to the proper VH level, and 
c) CE line is low. 

OS 11006J-page 6 
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Since the erased state is "1" in the array, programming 
of "O" is required. The address to be programmed is set 
via pins AO - A 15 and the data to be programmed is 
presented to pins 00 - 07. When data and address are 
stable, a low going pulse on the CE line programs that 
location. 

After the array has been programmed it must be verified 
to ensure all the bits have been correctly programmed. 
This mode is entered when all the following conditions 
are met: 

a) Vee is at the proper level, 
b) the OE/Vee pin is low, and 
c) the CE line is low. 

When programming multiple devices in parallel with 
different data, only CE needs to be under separate 
control to each device. By pulsing the CE line low on a 
particular device, that device will be programmed; all 
other devices with CE held high will not be programmed 
with the data (although address and data will be avail
able on their input pins). 

Identity Mode 

In this mode specific data is output which identifies the 
manufacturer as Microchip Technology Inc and the 
device type. This mode is entered when Pin A9 is taken 
to VH (11.5V to 12.5V). The CE and OE/Vee lines must 
be at VIL. AO is used to access any of the two non
erasable bytes whose data appears on 00 through 07. 

Pin-- Input Output 

Identity AO 00 0 0 0 0 0 0 H 

i 7 6 5 4 3 2 1 0 e 
x 

Manufacturer VIL 0 0 1 0 1 0 0 1 29 
Device Type* V1H 0 0 0 0 1 1 0 1 OD 

• Code subject to change. 

© 1994 Microchip Technology Inc. 



FIGURE 1 - PROGRAMMING EXPRESS ALGORITHM 

Conditions: 
Tarro= 25·c ±5°C 
Vee = 6.5 ±0.25V 
VPP = 13.0 ±0.25V 

C 1994 Microchip Technology Inc. 

Device 
Passed 

ADDA = First Location 
Vee=6.5V 
VPP= 13.0V 

Program one 100 µs pulse 
lncrementX 

No 

Yes 

Increment Address 

Vee= VPP = 4.5V, 5.5V 14--~ 

Device 
Failed 

27C512 

.. 
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27C512 

SALES AND SUPPORT 
To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 

PART NUMBERS 

27C512 ·90 l/P 

DS11006J-page 8 

Package: J 
K 
L 
p 

so 
TS 

Temperature 
Range: I 

E 

Access Time: 90 
10 
12 
15 
20 

Device: 27C512 

7-66 

Cerdip 
Ceramic Leadless Chip Carrier 
Plastic Leaded Chip Carrier 
Plastic DIP 
Plastic SOIC 
Thin Small Outline Package (TSOP) 8x20mm 

o·c to7o·c 
-40"C to as·c 
-40"C to 125"C 

90 ns 
100 ns 
120 ns 
150 ns 
200 ns 

512K (64K x 8) CMOS EPROM 

© 1994 Microchip Technology Inc. 



MICROCHIP 27C512A 
512K (64K x 8) CMOS EPROM 

FEATURES 

• High speed performance 
- 70 ns access time available 

• CMOS Technology for low power consumption 
-25 mA Active current 
-30 µA Standby current 

• Factory programming available 
• Auto-insertion-compatible plastic packages 
• Auto ID aids automated programming 
• High speed express programming algorithm 
• Organized 64K x 8: JEDEC standard pinouts 

-28-pin Dual-in-line package 
-32-pin Chip carrier (leadless or plastic) 
-28-pin SOIC package 
-28-pin TSOP package 
-28-pin VSOP package 
-Tape and reel 

• Available for the following temperature ranges: 
-Commercial: o·c to 70"C 
-Industrial: -40"C to 85"C 
-Automotive: -40"C to 12s·c 

DESCRIPTION 

The Microchip Technology Inc. 27C512A is a CMOS 
512K bit electrically Programmable Read Only Memory 
(EPROM). The device is organized into 64K words by 8 
bits (64K bytes). Accessing individual bytes from an 
address transition or from power-up (chip enable pin 
going low) is accomplished in less than 70 ns This very 
high speed device allows the most sophisticated micro
processors to run atfull speed withoutthe need for WAIT 
states. CMOS design and processing enables this part 
to be used in systems where reduced power consump
tion and high reliability are requirements. 

A complete family of packages is offered to provide the 
most flexibility in applications. For surface mount appli
cations, PLCC or SOIC packaging is available. Tape or 
reel packaging is also available for PLCC or SOIC 
packages. UV erasable versions are also available. 

© 1994 Microchip Technology Inc. 
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PIN CONFIGURATIONS 

OE 1 .. :28 A10 
A11 2 .. 27 Ce 

A9 3 26 07 
AB 4 25 06 

A13 

.i J [~ 
05 

A14 04 
Vee 03 

TSOP 
VPP Vss 
A12 02 

A7 01 
A6 11 18 DO 
A5 12 17 AO 
A4 13 .. 16 A1 
A3 14:' '15 A2 

AG SJt~Jl:'Jt:"J~jt~Jt~J[~Jfjj A8 

A5 EJ fjj A9 
A4 EJ f.~! A11 
A3 EJ fjj NC 
A2 EJ PLCC/LCC fjj 5E 
A1 i§J rj~ A10 
AO 1IJ L~ CE 
NC Ji] fjj 07 
00 J§J fjj 06 

filf~lfl!!lf~lf~lf~lf~l 

Vpp Vee 
A12 2 A14 

A7 3 A13 
A6 4 A8 
A5 5 A9 
A4 6 DIP/ A11 
A3 7 

SOIC 
OE 

A2 8 21 A10 
A1 CE 
AO 10 07 
00 11 06 
01 12 05 
02 13 04 
Vss 14 03 

OEIVPP 22" '21 A10 
A11 23 \ 20 CE 

A9 24 : 19 07 
AB 25 18 06 

A13 26 17 05 
A14 27 16 04 
Vee 28 VSOP 

15 03 
A15 1 14 Vss 
A12 2 13 02 

A7 3 12 01 
A6 4 11 00 , 

10 AO A5 5 , , ' A4 6 , ' 9 A1 
A3 7' '8 A2 

DS 111736-page 1 
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27C512A 

PIN FUNCTION TABLE 

Name Function 

AO-A15 Address Inputs 
CE Chip Enable 
OEIVPP Output Enable/ 

Programming Voltage 
00-07 Data Output 
Vee +5V Power Supply 
Vss Ground 
l'C No Connection; No Internal 

Connection 
l'lJ Not Used; No External 

Connection Is Allowed 

READ OPERATION 
DC Characteristics 

Parameter Part* Status Symbol 

Input Voltages all Logic '1' VIH 
Logic ·o· VIL 

Input Leakage all - lu 

Output Voltages all Logic '1' VOH 
Lqg!c ·o· VOL 

Output Leakage all - ILO 

Input Capacitance all - CIN 

Output Capacitance all - CoUT 

Power Supply Current, c TTL input Ice 
Active l,E TTL input Ice 

Power Supply Current, c TTL input ICC(S)TTL 
Standby l,E TTL input ICC(S)TTL 

all CMOS input ICC(S)CMOS 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings* 

Vee and input voltages w.r.t. Vss .......... -0.6V to +7.25V 
VPP voltage w.r.t. Vss during 
programming ...................................... -0.6V to + 14.0V 
Voltage on A9 w.r.t. Vss ............................ -0.SV to +13.5V 
Output voltage w.r.t. Vss .................. -0.6V to Vee+ 1.0V 
Storage temperature ............................ -65°C to 150°C 
Ambient temp. with power applied ....... -65°C to 125°C 

*Notice: Stresses above those listed under"Maximum Ratings• 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device atthose or any 
other conditions above those indicated in the operation listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

Vee= +5V ±10% 
Commercial: Tamb= o·cto1o·c 
Industrial: Tamb= -4o·c to as·c 
Extended (Automotive): Tamb= -4o·c to 125·c 

Min Max Units Conditions 

2.0 Vcc+1 v 
-0.5 0.8 v 
-10 10 µA VIN= Oto Vee 

2.4 v IOH=-400µA 
0.45 v IOL=2.1 mA 

-10 10 µA Vour = ov to Vee 

- 6 pF VIN = OV; Tamb = 25°C; 
f= 1 MHz 

- 12 pF VOUT = OV; Tamb = 25°C; 
f = 1 MHz 

- 25 mA VCC=5.5V 
- 35 mA f= 1 MHz; 

OEIVPP =CE= VIL; 
lout=O mA; 
VIL = -0.1 to 0.8V; 
VIH = 2.0 to Vee; 
Note.fil 

1 - mA 
2 - mA 

30 - µA CE = V cc ±0.2V 

*Parts: C = Commercial Temperature Range; I, E = Industrial and Extended Temperature Ranges 
Notes: (1) Active current increases 2 mA per MHz up to operating frequency for all temperature ranges. 

OS 111736-page 2 © 1994 Microchip Technology Inc. 
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27C512A 

READ OPERATION AC Testing Waveform: VIH = 2.4V and VIL= .45V; VOH = 2.0Vand VOL= a.av 
Output Load: 1 TIL Load+ 100 pF 

AC Characteristics Input Rise and Fall Times: 10ns 
Ambient Temperature: Commercial: Tamb= o·c101o·c 

Industrial: Tamb = -4o·c to ss·c 
Extended (Automotive): Tamb = -4o·c to 12s·c 

Parameter Sym 27C512-70* 27C512-90* 27C512-10* 27C512-12 27C512-15 Units Conditions 

Min Max Mn Max Min Max Min Max Min Max 

Address to Output tACC - 70 - 9J - 100 - 120 - 150 ns CE = i5EJvpp = v IL 
Delay 

CE to Output Delay ICE - 70 - 9J - 100 - 120 - 150 ns OENPP=VIL 

OE to Output Delay IOE - 3l - 40 - 40 - 3J - 00 ns CE=VIL 

OE to Output High 
Impedance 

!OFF 0 3l 0 :l> 0 :l> 0 40 0 45 ns 

Output Hold from !OH 0 0 0 - 0 - 0 - 0 - ns 
Address, CE or 
OENPP, whichever 
occured first 

• -70/90/10 AC Testing Waveform: VIH = 3.0V and VIL= OV; VOH = 1.5V and VOL= 1.5V 
Output Load: 1 TIL Load + 30 pF 

READ WAVEFORMS 

VIH 
Address Address Valid 

VIL 

VIH 
CE 

VIL 

VIH 
OE 

VIL 

VOH 
Outputs HighZ HighZ 
00-07 Valid Output 

VOL 

tACC 

Notes: (1) !OFF is specified for OE or CE, whichever occurs first 
(2) OE may be delayed up to ICE - toE after the falling edge of CE without impact on ICE 
(3) This parameter is sampled and is not 100% tested. 

© 1994 Microchip Technology Inc. 
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27C512A 

PROGRAMMING Ambient Temperature: 25'C ±5'C 
DC Characteristics Vee= 6.5V ± 0.25V, OEN PP= VH = 13.0V ± 0.25V 

Parameter Status Symbol Min Max Units Conditions (See Note 1) 

Input Voltages Logic •1• VIH 2.0 Vcc+1 v 
Logic •o• VIL -0.1 0.8 v 

Input Leakage - lu -10 10 µA VIN= ov to Vee 

Output Voltages Logic •1• VOH 2.4 v IOH=-400µA 

Logic •o• Va. - 0.45 v la.=2.1 mA 

Vee Current, program and verify - ICC2 - 35 mA CE=VL 

OENPP Current, program - IPP2 - 25 mA 

A9 Product Identification - VID 11.5 12.5 v 
Note: (1) Vee must be applied simultaneously or before the VPP voltage on OEIVPP and removed simultaneously 

or after the V PP voltage on OENPP. 

PROGRAMMING AC Testing Wavefonn: VIH = 2.4Vand VIL= 0.45V; VOH=2.0V; VOL= 0.8V 
AC Characteristics Ambient TemperaturQ.;_25'C ±5'C 

for Program, Program Verify 
Vee =6.5V±0.25V, OE/VPP= VH= 13.0V±0.25V 

and Program Inhibit Modes 

Parameter Symbol Min Max Units Remarks 

Address Set-Up Time tAS 2 - µs 

Data Set-Up Time tcs 2 - µs 

Data Hold Time tDH 2 - µs 

Address Hold Time tAH 0 - µs 

Float Delay (2) tDF 0 130 ns 

Vee Set-Up Time tvcs 2 - µs 

Program Pulse Width (1) tPW 95 105 µs 100 µs typical 

CE Set-Up Time tCES 2 - µs 

OE Set-Up Time tOES 2 - µs 

OE Hold Time tOEH 2 - µs 

OE Recovery Time tOR 2 - µs 

OEN PP Rise Time During Programming tPRT 50 - ns 

Notes: (1) For express algorithm, initial programming width tolerance is 100 µs ± 5o/o. 
(2) This parameter is only sampled and not 100o/o tested. Output float is defined as the point where data 

is no longer driven (see timing diagram). 
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PROGRAMMING WAVEFORMS (1) 

Program Verify 

VIH 
Address Stable 

Address VIL 

VIH 

Data VIL Data In Stable 

6.5 v (3) 
tcs Ill-I 

Vee 5.0V 

VIH tvcs IFW 

CE VIL 
IOEH 

OENPP 
13.0 v (3) 

VIL I'------ - - _;-

IPRT 

Notes: (1) The input timing reference level is O.SV for VIL and 2.0V for VIH. 
(2) IOI= and IOE are characteristics of the device but must be accommodated by the programmer. 
(3) Vee= 6.5V ±0.25V, V PP= V H = 13.0V ±0.5V for express programming algorithm • 

MODES 

Operation Mode CE OEN PP 

Read VIL VIL 
Program VIL VH 
Program Verify VIL VIL 
Program Inhibit VIH VH 
Standby VIH x 
Output Disable VIL VIH 
Identity VIL VIL 

X = Don't Care 

© 1994 Microchip Technology Inc. 

A9 00-07 

x Dour 
x DIN 
x Dour 
x HighZ 
x HighZ 
x HighZ 
VH Identity Code 

Read Mode 

(See Timing Diagrams and AC Characteristics) 

Read Mode is accessed when 

a) the CE pin is low to power up (enable) the chip 

b) the OENPP pin is low to gate the data to the 
output pins. 

For Read operations, if the addresses are stable, the 
address access time (!Ace) is equal to the delay from CE 
to output (ICE). Data is transferred to the output after a 
delay (toE) from the faHing edge of OENPP. 

DS 111738-page 5 
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Standby Mode 

The standby mode is defined when the CE pin is high 
and a program mode is not identified. 

When this condition is met, the supply current will drop 
from 25 mA to 30 µA. 

Outcut Enable OE/Vee 

This multifunction pin eliminates bus connection in mul
tiple bus microprocessor systems and the outputs go to 
high impedance when: 

• the OENPP pin is high {VIH). 

When a VH input is applied to this pin, it supplies the 
programming voltage (VPP) to the device. 

Erase Mode CUV Windowed Versions) 

Windowed products offer the ability to erase the memory 
array. The memory matrix is erased to the all "1 's" state 
as a result of being exposed to ultraviolet light. To 
ensure complete erasure, a dose of 15 watt-second/cm2 

is required. This means that the device window must be 
placed within one inch and directly underneath an ultra
violet lamp with a wavelength of 2537 Angstroms, inten
sity of 12,000 mW/cm2 for approximately 40 minutes. 

Programming Mode 

The Express algorithm must be used for best results. It 
has been developed to improve programming yields and 
throughput times in a production environment. Up to 10 
100-microsecond pulses are applied until the byte is 
verified. A flowchart of the Express algorithm is shown 
in Figure 1. 

Programming takes place when: 

a) Vee is brought to the proper voltage, 
b) OENPP is brought to the proper VH level, and 
c) CE line is low. 

DS 111738-page 6 
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Since the erased state is "1" in the array, programming 
of "O" is required. The address to be programmed is set 
via pins AO - A 15 and the data to be programmed is 
presented to pins 00 - 07. When data and address are 
stable, a low going pulse on the CE line programs that 
location. 

After the array has been programmed it must be verified 
to ensure all the bits have been correctly programmed. 
This mode is entered when all the following conditions 
are met: 

a) Vee is at the proper level, 
b) the OENPP pin is low, and 
c) the CE line is low. 

When programming multiple devices in parallel with 
different data, only CE needs to be under separate 
control to each device. By pulsing the CE line low on a 
particular device, that device will be programmed; all 
other devices with CE held high will not be programmed 
with the data (although address and data will be avail
able on their input pins). 

Identity Mode 

In this mode specific data is output which identifies the 
manufacturer as Microchip Technology Inc. and the 
device type. This mode is entered when Pin A9 is taken 
to VH (11.5V to 12.5V). The CE and OENPP lines must 
be at V1L. AO is used to access any of the two non
erasable bytes whose data appears on 00 through 07. 

Pin--- Input Output 

Identity AO 0 00 0 0 0 0 0 H 

i 7 6 5 4 3 2 1 0 e 
x 

Manufacturer VIL 0 0 1 0 1 0 0 1 29 
Device Type• VIH 1 0 0 0 1 1 0 0 00 

• Code subject to change. 

© 1994 Microchip Technology Inc. 



FIGURE 1 • PROGRAMMING EXPRESS ALGORITHM 

Conditions: 
T arn1> = 2s·c ±5°C 
Vee = 6.5 ±0.25V 
VPP = 13.0 ±0.25V 

© 1994 Microchip Technology Inc. 

Device 
Passed 

ADDR = First Location 
Vee=6.5V 
VPP= 13.0V 

Program one 100 µs pulse 
Increment X 

No 

Yes 

Increment Address 

Vee= VPP = 4.5V, 5.5V 

7-7?. 

Device 
Failed 

27C512A 

• 

DS11173B-page 7 



27C512A 

SALES AND SUPPORT 
To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 

PART NUMBERS 

27C512A- 70 I/ P ,.. 
l 

Package: J Cerdip 
K Ceramic Leadless Chip Carrier 
L Plastic Leaded Chip Carrier 
p Plastic DIP 

so Plastic SOIC 
TS Thin Small Outline Package (TSOP) 8x20mm 
vs Very Small Outline Package (VSOP) 8x13.4mm 1 Temperature - o·c to 1o·c 

Range: I -4o·c to as·c 
E -40"C to 125·c 

I 
Access Time; 70 70ns 

90 90ns 
10 100 ns 
12 120 ns 
15 150 ns 

1 Device: 27C512A 512K (64K x 8) CMOS EPROM 

DS 111736-page 8 © 1994 Microchip Technology Inc. 

7-74 



MICROCHIP 27LV512 
512K (64K x 8) Low Voltage CMOS EPROM 

FEATURES 

• Wide voltage range 3.0V to 5.5V 
• High speed performance 

- 200 ns access time available at 3.0V 
• CMOS Technology for low power consumption 

-12 mA Active current at 3.0V 
- 35 mA Active current at 5.5V 
- 100 µA Standby current 

• Factory programming available 
• Auto-insertion-compatible plastic packages 

Auto ID™ aids automated programming 
• Separate chip enable and output enable controls 
• High speed "Express" programming algorithm 
• Organized 64K x 8: JEDEC standard pinouts 

- 28-pin Dual-in-line package 
- 32-pin PLCC package 
- 28-pin SOIC package 
- 28-pin TSOP package 
- 28-pin VSOP package 
-Tape and reel 

• Available for the following temperature ranges: 
- Commercial: o·c to 7o·c 
- Industrial: -40°C to 85°C 

DESCRIPTION 

The Microchip Technology Inc. 27LV512 is a low-volt
age (3.0 volt) CMOS EPROM designed for battery 
powered applications. The device is organized as a 64K 
x 8 (64K-Byte) non-volatile memory product. The 
27LV512 consumes only 12 mA maximum of active 
current during a 3.0 volt read operation therefore im
proving battery performance. This device is designed 
for very low-voltage applications where conventional 5.0 
volt only EPROMs can not be used. Accessing indi
vidual bytes from an address transition or from power-up 
(chip enable pin going low) is accomplished in less than 
200 ns at 3.0 volts. This device allows systems design
ers the ability to use low voltage non-volatile memory 
with today's low-voltage microprocessors and peripher
als in battery powered applications. 

A complete family of packages is offered to provide the 
most flexibility in applications. For surface mount appli
cations, PLCC, SOIC, or TSOP packaging is available. 
Tape and reel packaging is also available for PLCC or 
SOIC packages. 

© 1994 Microchip Technology Inc. 

PIN CONFIGURATIONS 

OENPP 1 \ : 28 A10 
A11 2 .. Z7 CE 

A9 3 : 26 07 
A8 4 .. : 25 06 

A13 ' 'l r~ 
05 

A14 04 
V<X 03 

,; TSOP 
A15 Vss 
A12 02 
A7 \ 19 01 
A6 11 : 18 00 
A5 12 17 AO 
A4 13 16 A1 
A3 14' • 15 A2 

L~Jt~Jt~!-!l?Jt~Jl~J 
AG 5:J 'ti' f_ij A8 
AS i] f~ A9 
M 7] f_2j A11 
A3 iiJ f_2j NC 
A2 ;:J PLCC/LCC fj,i OENPP 
At 1§j L~' A10 
AO 1iJ fjj CE 
NC 1~"j fjj 07 
00 1iJ f_2j 06 

r~:r~:r~: rt:1r~1ri1r21 

Vee 
A14 

A13 
A8 

A9 

A11 
OEN PP 

A10 

CE 
07 

06 
01 05 

02 04 
Vss 03 

OENPP 22. • 21 A10 
A11 23 20 Ce 
A9 24 \ 19 07 
A8 25 18 06 

A13 26 17 05 
A14 27 16 04 
Vee 28 
A15 1 VSOP 15 03 

14 Vss 
A12 2 13 02 
A7 3 12 01 
AS 4 11 00 
AS 10 AO 
A4 ' 9 A1 
A3 7 , 8 A2 

DS11021E-page1 
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PIN FUNCTION TABLE 

Name Function 

AO-A15 Address Inputs 
CE Chip Enable 
OEN PP Output Enable/ 

Programming Voltage 
00-07 Data Output 
Vee +3.0V To +5.5V Power Supply 
Vss Ground 
N::; No Connection; No Internal 

Connection 
NJ Not Used; No External 

Connection Is Allowed 

READ OPERATION 
DC Characteristics 

Parameter Part• Status Symbol 

Input Voltages all Logic ·1· V1H 
Logic "O" VIL 

Input Leakage all lu 

Output Voltages all Logic '1' VOH 
Logic ·o· VOL 

Output Leakage all - ILO 

Input Capacitance all - C1N 

Output Capacitance aB - Cour 

Power Supply Current, c TTL input lee1 
Active 

I TTL input lee2 

Power Supply Current, c TTL input lee(S)TIL 
Standby I TTL input ICC{S)TIL 

aD CMOS input lee(S)eMOS 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings* 

Vee and input voltages w.r.t. Vss .......... -0.SV to +7.25V 
VPP voltage w.r.t. Vss during 
programming ...................................... -0.6V to +14.0V 
Voltage on A9 w.r.t. Vss ............................ -0.SV to +13.5V 
Output voltage w.r.t. Vss .................. -0.6V to Vee + 1.0V 
Storage temperature ........................... -65°C to 15o·c 
Ambient temp. with power applied ...... -65°C to 125·c 

•Notice: Stresses above those listed under"Maximum Ratings• 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at those or any 
other cond~ions above those indicated in the operation listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

Vee = 3.0V to 5.5V unless otherwise specified 
Commercial: Tamb= o·cto 1o·c 
Industrial: Tamb = -40°C to 85°C 

Min Max Units Conditions 

2.0 Vcc+1 v 
-0.5 0.8 v 
-10 10 µA VIN =Oto Vee 

2.4 v IOH=-400µA 
0.45 v IOL=2.1 mA 

-10 10 µA Volff = ov to Vee 

- 6 pF VIN = OV; Tamb = 25'C; 
f = 1 MHz 

- 12 pF Volff = OV; Tamb= 25' C; 
f = 1 MHz 

- 35@ 5.0V mA Vee=5.5V 
12@ 3.0V mA f = 1 MHz; 

- 45@ 5.0V mA OENPP= CE= VIL; 
12@ 3.0V mA lout=OmA; 

VIL = -0.1 to 0.SV; 
VIH = 2.0 to Vee; 
Note (1) 

- 1@ 3.0V mA 
- 2@3.0V mA 
- 100@3.0V µA CE= Vee ±0.2V 

•Parts: C =Commercial Temperature Range; I= Industrial Temperature Range 
Note: (1) Active current increases 2 mA per MHz up to operating frequency for all temperature ranges. 

OS 11021 E-page 2 © 1994 Microchip Technology Inc. 
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READ OPERATION AC Testing Waveform: VIH = 2.4V and VIL = 0.45V; V OH= 2.0V VOL =0.8V 

AC Characteristics Output Load: 1 TTL Load+ 100 pF 
Input Rise and Fall Times: 10 ns 
Ambient Temperature: Commercial: Tamb = o·c to 1o·c 

Industrial: Tamb = -40'C to 85'C 

Parameter Sym 27LV512-20 27LV512-25 27LV512-30 Units 

Min Max Min Max Min Max 

Address to Output Delay tACC - 200 - 250 - 300 ns 

-
CE to Output Delay tCE - 200 - 250 - 300 ns 

-
OE to Output Delay tOE - 90 - 100 - 125 ns 

CE or OE to O/P High tOFF 0 50 0 50 0 50 ns 
Impedance 

Output Hold fro!!!._ tOH 0 - 0 - 0 - ns 
Address CE or OE, 
whichever goes first 

READ WAVEFORMS 

VIH 
Address Address Valid 

VIL 

ViH 
CE 

VIL 
-tCE(2) 

VIH 
OE/VPP 

VIL 
-- tOE(2) 

Outputs 
VbH 

HighZ 
00-07 VOL 

Valid Output 

----- IACc -----~ 

Notes: (1) tOFF is specified for OE/VPP or CE, whichever occurs first 
(2) OE may be delayed up to !CE - toE after the falling edge of CE without impact on tcE 
(3) This parameter is sampled and is not 100% tested. 

© 1994 Microchip Technology Inc. 
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Conditions 

- -
CE=OE=VIL 

-
OE=VIL 

-
CE=VL 

HighZ 

DS11021 E-page 3 
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PROGRAMMING Ambient Temperature: 25· C ±5° C 

DC Characteristics Vee= 6.5V ± 0.25V, OEN PP= VH = 13.0V ± 0.25V 

Parameter Status Symbol Min Max Units Conditions (See Note 1) 

Input Voltages Logic '1' VIH 2.0 Vcc+1 v 
Logic'O' Vil -0.1 0.8 v 

Input Current (all inputs) - IL -10 10 µA VIN= OVto Vee 

Output Voltages Logic '1' VOH 2.4 v IOH=-400µA 

Logic ·o· Va. - 0.45 v IOL=2.1mA 

Vee Current, program & verify - lcc2 - 35 mA 

OEN PP Current, program - IPP2 - 25 mA CE=VL 

A9 Product Identification - VID 11.5 12.5 v 
Note: (1) Vee must be applied simultaneously or before the VPP voltage on OENPP and removed simultaneously 

or after the VPP voltage on OENPP. 

PROGRAMMING AC Testing Waveform: VIH =2.4Vand VIL =0.45V; VOH=2.0V; Va.= 0.8V 
AC Characteristics Ambient Temperature: 25"C ±5°C 
for Program, Program Verify Vee= 6.5V ±0.25V, OEN PP= VH = 13.0V±0.25V 
and Program Inhibit Modes 

Parameter Symbol Min Max Units Remarks 

Address Set-Up Time tAS 2 - µs 

Data Set-Up Time tos 2 - µs 

Data Hold Time tDH 2 - µs 

Address Hold Time tAH 0 - µs 

Float Delay (2) tDF 0 130 ns 

Vee Set-Up Time tves 2 - µs 

Program Pulse Width (1) tPW 95 105 µs 100 µs typical 

-
CE Set-Up Time teES 2 - µs 

OE Set-Up Time toes 2 - µs 

OE Hold Time tOEH 2 - µs 

-
OE Recovery Time tOR 2 - µs 

-
OEN PP Rise Time During Programming tPRT 50 - ns 

Notes: (1) For Express algorithm, initial programming width tolerance is 100 µs ± 5%. 
(2) This parameter is only sampled and not 100% tested. Output float is defined as the point where 

data is no longer driven (see timing diagram). 

DS11021E-page 4 C 1994 Microchip Technology Inc. 
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READ WAVEFORMS 

VIH 
Address 

VIL 

VIH 
Data 

VIL 

6.5 v (3) 
Vee 

5.0V 

VIH 
CE 

VIL 

13.0 v (3) 
OEN PP 

VIL 

IPRT 

27LV512 

------- Program ------i-----Verify ------1~ 

Address Stable 

Data In Stable 

IOEH_.. 

ICE 
(2) 

IDF 
(2) 

Notes: (1) The input timing reference level is 0.8V for VIL and 2.0V for V!H. 
(2) IDF and !OE are characteristics of the device but must be accommodated by the programmer . 
(3) Vee= 6.5V ±0.25V, VPP = VH = 13.0V ±0.25V for express programming algorithm. 

MODES 

-
Operation Mode CE OEN PP 

Read VIL VIL 
Program VIL VH 
Program Verify VIL VIL 
Program Inhibit VIH VH 
Standby VIH x 
Output Disable VIL VIH 
Identity VIL VIL 

X= Don1Care 

© 1994 Microchip Technology Inc. 

A9 00-07 

x DouT 
x DIN 
x DouT 
x HighZ 
x HighZ 
x HighZ 
VH Identity Code 

Read Mode 

(See Timing Diagrams and AC Characteristics) 

Read Mode is accessed when 

a) the CE pin is low to power up (enable) the chip 

b) the OENPP pin is low to gate the data to the 
output pins. 

For Read operations, if the addresses are stable, the 
address access time (!Ace) is equal to the delay from CE 
to output (ICE). Data is transferred to the output after a 
delay (toE) from the falling edge of OENPP. 

DS11021 E-page 5 
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Standby Mode 

The standby mode is defined when the CE pin is high 
and a program mode is not identified. 

Oytput Enable OENPP 

This multifunction pin eliminates bus contention in 
microprocessor based systems in which multiple de
vices may drive the bus. The outputs go into a high 
impedance state when: 

•the OENPP pin is high {VIH). 

When a VH input is applied to this pin, it supplies the 
programming voltage (VPP) to the device. 

programmjng Mode 

The Express algorithm has been developed to improve 
on the programming throughput times in a production 
environment. Up to ten 100-microsecond pulses are 
applied until the byte is verified. A flowchart of the 
Express algorithm is shown in Figure 1. 

Programming takes place when: 

a) Vee is brought to the proper voltage, 
b) OENPP is brought to the proper VH level, and 
c) CE line is low. 

Since the erased state is •1• in the array, programming 
of "O" is required. The address to be programmed is set 
via pins AO - A 15 and the data to be programmed is 
presented to pins 00 - 07. When data and address are 
stable, a low going pulse on the CE line programs that 
location. 

os11021 E-page 6 

After the array has been programmed it must be verified 
to ensure all the bits have been correctly programmed. 
This mode is entered when all the following conditions 
are met: 

a) Vee is at the proper level, 
b) the OENPP pin is low, and 
c) the CE line is low. 

When programming multiple devices in parallel with 
different data, only CE needs to be under separate 
control to each device. By pulsing the CE line low on a 
particular device, that device will be programmed; all 
other devices with CE held high will not be programmed 
with the data (although address and data will be avail
able on their input pins). 

Identity Mode 

In this mode specific data is output which identifies the 
manufacturer as Microchip Technology Inc and the 
device type. This mode is entered when Pin A9 is taken 
to VH (11.5V to 12.5V). The CE and OENPP lines must 
be at VIL AO is used to access any of the two non
erasable bytes whose data appears on 00 through 07. 

Pin-- Input Output 

Identity AO 00 0 0 0 0 0 0 H 

~ 
7 6 5 4 3 2 1 0 e 

x 

Manufacturer VIL 0 0 1 0 1 0 0 1 29 
Device Type* VIH 0 0 0 0 1 1 0 1 OD 

• Code subject to change. 

C 1994 Microchip Technology Inc. 
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FIGURE 1 - PROGRAMMING EXPRESS ALGORITHM 

Conditions: 
T amb = 25·c ±5.C 
Vee= 6.5 ±0.25V 
VPP = 13.0 ±0.25V 

C 1994 Microchip Technology Inc. 

ADDA = First Location 
Vee=6.5V 
VPP= 13.0V 

~-..i Program one 100 µs pulse 

Device 
Passed 

lncrementX 

No 

Yes 

Increment Address 

Vee = VPP = 4.5V, 5.5V 

7-81 

Device 
Failed 

27LV512 

• 
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27LV512 

SALES AND SUPPORT 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 

PART NUMBERS 

27LV512 -~ l/P 

~·-· 

_JI Temperature 
Range: 

~"'-'Time• 

L 
p 

so 
J 
K 

TS 
vs 

20 
25 
30 

Plastic Leaded Chip Carrier 
Plastic DIP 
Plastic SOIC 
Ceramic DIP 
Ceramic Leadless Chip Carrier 
Thin Small Outline Package (TSOP) 8x20mm 
Very Small Outline Package (VSOP) 8x13.4mm 

0°C to 70°C 
-40°C to 85°C 

200ns 
250ns 
300ns 

.__--------ti Device: 27LV512 512K (64K x 8) Low Voltage CMOS EPROM 

DS11021 E-page 8 @1994 Microchip Technology Inc. 
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MICROCHIP 37LV36/65/128 

36K/64K/128K Serial EPROM Family 

FEATURES 
• Operationally equivalent to Xilinx XC1700 family 
• Wide voltage range 3.0V to 6.0V 
• Maximum read current 10 mA at 5.0 V 
• Standby current 100 µA typical 
• Industry standard Synchronous Serial Interface / 1 

bit per rising edge of clock 
• Full Static Operation 
• Sequential Read/Program 
• Cascadable Output Enable 
• 10 MHz Maximum Clock Rate@ 5.0 Vdc 
• Programmable Polarity on Hardware Reset 
• Programming with industry standard EPROM 

programmers 
• Electrostatic discharge protection > 2000 volts 
• 8-pin PDIP/SOIC and 20-pin PLCC packages 
• Temperature ranges: 

- Commercial: 0°c to +70°C 
- Industrial: -40°C to +85°C 

PIN CONFIGURATIONS 

PDIP Package 

DATAOB Vee 

CU< 2 7 Vpp 

RESET/OE 3 6 CEO 

CE 4 5 Vss 

SOIC Package 

DATAOB Vee 
CLK 2 7 Vpp 

RESET/OE 3 6 CEO 

CE 4 5 Vss 

PLCC Package 

C 1994 Microchip Technology Inc. 

DESCRIPTION 

The Microchip Technology Inc. 37LV36/65/128 is a 
family of Serial OTP EPROM devices organized inter
nally in a x32 configuration. The family also features a 
cascadable option for increased memory storage where 
needed. They are suitable for many applications in 
which look-up table information storage is desirable and 
provide full static operation in the 3.0V to 6.0V Vee 
range. The devices also support the industry standard 
serial interface to popular RAM-based Field Program
mable Gate Arrays (FPGA). Advanced CMOS technol
ogy makes this an ideal bootstrap solution for today's 
high speed RAM based FPGAs. The 37LV36/65/128 
family is available in the standard 8-pin plastic DIP, 8-pin 
SOIC and 20-pin PLCC packages. 

DEVICE BITS PROGRAMMING WORD 

37LV36 36,288 1134X32 

37LV65 65,536 2048x 32 

37LV128 131,072 4096x32 

FIGURE 1 • BLOCK DIAGRAM 

RESET/OE 

ADDRESS EPROM 
Counter ARRAY 

DATA 

CLK 
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37LV36/65/128 

SALES AND SUPPORT 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 

PART NUMBERS 

0521080A-page 2 

PACKAGE: 

l TEMPERATURE 
RANGE: 

l 
SHIPPING: 

DEVICE: 

p 
SN 

L 

Blank 
I 

Blank 
T 

37LV128 
37LV65 
37LV36 

Plastic DIP, 8 lead 
Plastic SOIC (150 mil Body), 8 lead 
Plastic Leaded Chip Carrier (PLCC), 20 lead 

0°Cto +70°C 
-40°C to +85°C 

Tube 
Tape and Reel 

128K Serial EPROM 
64K Serial EPROM 
36K Serial EPROM 

© 1994 Microchip Technology Inc. 



MICROCHIP EPROM 
EPROM Cross Reference Guide 

INTRODUCTION 

The purpose of this document is to provide a quick way 
to determine which EPROM parts are mechanical and 
electrical equivalents to Microchip devices. There is 
also a listing of manufacturer's part numbering schemes 
to assist in determining the specifications of a particular 
part. The cross reference section is broken down by 
manufacturer and lists all parts from that manufacturer, 
and the plug compatible Microchip part number. 

The one exception to plug compatibility listed in this 
cross-reference concerns the 28 pin SOIC package. 
Microchip, along with other manufacturers, make this 
part in a .300' (JEDEC Standard) width. There are other 
manufacturers that produce this device in a .330" (EIAJ 
Standard) wide package. In many cases, the PCB can 
be laid out to accommodate both versions. The devices 
that are offered in the .330" package are listed in this 
reference with an asterisk. 

Microchip provides a wide selection of EPROM devices, 
both from a density and a packaging standpoint. If you 
are interested in a part that is not listed in this book, 
please refer to the Microchip data book, or contact your 
local distributor or sales representative for assistance. 

© 1994 Microchip Technology Inc. 
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Legend: 

AMD'" 
T.I. 
SGS 
Intel" 
Toshiba'" 
National" 
Hitachi'" 
Atmel" 

Advanced Micro Devices 
Texas Instruments 
Sr» SGS-Thomson 
Intel Corporation 
Toshiba Corporation 
National Semiconductor<' Corporation 
Hitachi Corporation 
Atmel Corporation 

The information contained in this publication regarding com
petitor devices was obtained from the respective EPROM 
manufacturer's latest available published technical information 
and may be subject to updates 

AMO is a registered trademark of Advanced Micro Devices. 

ST is a registered trademark of SGS-Thomson. 

Intel is a registered trademark of Intel Corporation. 

Toshiba is a registered trademark of Toshiba Corporation. 

National and National Semiconductor are registered trade
marks of National Semiconductor Corporation. 

Hitachi is a registered trademark of Hitachi Corporation. 
Atmel is a registered trademark of Atmel Corporation. 
All other trademarks mentioned herein are property of their 
respective companies. 
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EPROM CROSS REFERENCE GUIDE 

CROSS REFERENCE OF MICROCHIP EPROM PRODUCTS TO THE COMPETITION 

HITACHI DESCRIPTION MICROCHIP PIN 

HN27C256AG·10 UV 256K EPROM, 1 OONS CERDIP28 27C256-10/J 
HN27C256HP-10 OTP 256K EPROM, 1 OONS PDIP28 27C256-10/P 
HN27C256FP-10T* OTP 256K EPROM, 100NS SOIC28 27C256-10/S0 
HN27C256AG-12 UV 256K EPROM, 120NS CERDIP28 27C256-12/J 
HN27C256AG-15 UV 256K EPROM, 1 SONS CERDIP28 27C256-15/J 
HN27C256FP-25T/-30T* OTP 256K EPROM,200NS SOIC28 27C256-20/SO 
HN27512G·25/·30 UV 512K EPROM,200NS CERDIP28 27C512·20/J 
HN27512P-25/-30 OTP 512K EPROM,200NS PDIP28 27C512·20/P 
HN27C256HG-70/-85 UV 256K HS EPROM,70NS CERDIP28 27HC256-70/J 
HN27C256HP-70/·85 OTP 256K HS EPROM, 70NS PDIP28 27HC256·70/P 
HN27C256HFP-85T* OTP 256K HS EPROM, 70NS SOIC28 27HC256-70/S0 

AMO DESCRIPTION MICROCHIP PIN 
Am27C64-120DC UV 64K EPROM, 120NS CERDIP28 27C64-12/J 
Am27C64-120LC UV 64K EPROM, 120NS LCC32 27C64-12/K 
Am27C64-120JC OTP 64K EPROM, 120NS PLCC32 27C64-12/L 
Am27C64-120PC OTP 64K EPROM, 120NS PDIP28 27C64-12/P 
Am27C64·150DC UV 64K EPROM, 150NS CERDIP28 27C64·15/J 
Am27C64-150LC UV 64K EPROM, 1 SONS LCC32 27C64-15/K 
Am27C64· 150JC OTP 64K EPROM, 1 SONS PLCC32 27C64-15/L 
Am27C64· 150PC OTP 54K EPROM, 1 SONS PD!P28 27C64-15.'P 
Am27C64-200DC UV 64K EPROM,200NS CERDIP28 27C64-20/J 
Am27C64·200LC UV 64K EPROM,200NS LCC32 27C64-20/K 
Am27C64·200JC OTP 64K EPROM,200NS PLCC32 27C64-20/L 
Am27C64-200PC OTP 64K EPROM,200NS PDIP28 27C64-20/P 
Am27C64·250DC UV 64K EPROM,250NS CERDIP28 27C64-25/J 
Am27C64-250LC UV 64K EPROM,250NS LCC32 27C64-25/K 
Am27C64·250JC OTP 64K EPROM,250NS PLCC32 27C64-25/L 
Am27C64-250PC OTP 64K EPROM,250NS PDIP28 27C64-25/P 
Am27C64·120DI UV 64K EPROM, 120NS,IND CERDIP28 27C64-1211J 
Am27C64-150DI UV 64K EPROM, 150NS,IND CERDIP28 27C64-1511J 
Am27C64·150LI UV 64K EPROM, 150NS,IND LCC32 27C64-1511K 
Am27C64-150JI OTP 64K EPROM, 1 SONS,IND PLCC32 27C64-1511L 
Am27C64-150PI OTP 64K EPROM, 1 SONS,IND PDIP28 27C64-1511P 
Am27C64-200DI UV 64K EPROM,200NS,IND CERDIP28 27C64-20llJ 
Am27C64-200LI UV 64K EPROM,200NS,IND LCC32 27C64-2011K 
Am27C64-200JI OTP 64K EPROM,200NS,IND PLCC32 27C64-201/L 
Am27C64·200PI OTP 64K EPROM,200NS,IND PDIP28 27C64-2011P 
Am27C64-250DI UV 64K EPROM,250NS,IND CERDIP28 27C64-2511J 
Am27C64·250LI UV 64K EPROM,250NS,IND LCC32 27C64-2511K 
Am27C64-250JI OTP 64K EPROM,250NS,IND PLCC32 27C64-251/L 
Am27C64·250PI OTP 64K EPROM,250NS,IND PDIP28 27C64-2511P 
Am27C128·120DC UV 128K EPROM, 120NS CERDIP28 27C128-12/J 
Am27C128-120LC UV 128K EPROM,120NS LCC32 27C128-12/K 
Am27C128·120JC OTP 128K EPROM,120NS PLCC32 27C128-12/L 
Am27C128-120PC OTP 128K EPROM, 120NS PDIP28 27C128-12/P 
Am27C128-150DC UV 128K EPROM, 1 SONS CERDIP28 27C128-15/J 
Am27C128·150LC UV 128K EPROM, 1 SONS LCC32 27C128-15/K 
Am27C128·150JC OTP 128K EPROM, 1 SONS PLCC32 27C128-15/L 
Am27C128·150PC OTP 128K EPROM, 1 SONS PDIP28 27C128-15/P 
Am27C128-200DC UV 128K EPROM,200NS CERDIP28 27C128-20/J 
Am27C128-200LC UV 128K EPROM,200NS LCC32 27C128-20/K 
Am27C128-200JC OTP 128K EPROM,200NS PLCC32 27C128-20/L 
Am27C128-200PC OTP 128K EPROM,200NS PDIP28 27C128-20/P 
Am27C128-250DC UV 128K EPROM,250NS CERDIP28 27C128-25/J 
Am27C128·250LC UV 128K EPROM,250NS LCC32 27C128-25/K 
Am27C128-250JC OTP 128K EPROM,250NS PLCC32 27C128-25/L 
Am27C128·250PC OTP 128K EPROM,250NS PDIP28 27C128-25/P 
Am27C128·120DI UV 128K EPROM,120NS,IND CERDIP28 27C128-121/J 
Am27C128-150DI UV 128K EPROM, 1 SONS,IND CERDIP28 27C128-151/J 
Am27C128-150LI UV 128K EPROM, 1 SONS,IND LCC32 27C128-151/K 
Am27C128-150JI OTP 128K EPROM,150NS,IND PLCC32 27C128-1511L 
Am27C128-150PI OTP 128K EPROM,150NS,IND PDIP28 27C128-151/P 
Am27C128-200DI UV 128K EPROM,200NS,IND CERDIP28 27C128-201/J 
Am27C128-200LI UV 128K EPROM,200NS,IND LCC32 27C128-2011K 
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EPROM CROSS REFERENCE GUIDE 

CROSS REFERENCE OF MICROCHIP EPROM PRODUCTS TO THE COMPETITION 

AMD(Cont.) DESCRIPTION MICROCHIP PIN 
Am27C128-200JI OTP 128K EPROM,200NS,IND PLCC32 27C128-201/L 
Am27C128-200PI OTP 128K EPROM,200NS,IND PDIP28 27C128-201/P 
Am27C128-25001 UV 128K EPROM,250NS,IND CERDIP28 27C128-25UJ 
Am27C128-250LI UV 128K EPROM,250NS,IND LCC32 27C128-25UK 
Am27C128-250JI OTP 128K EPROM,250NS,IND PLCC 32 27C128-251/L 
Am27C128-250PI OTP 128K EPROM,250NS,IND PDIP28 27C128-251/P 
Am27C256-90DC UV 256K EPROM,90NS CERDIP 28 27C256-90/J 
Am27C256-90LC OTP 256K EPROM,90NS PLCC32 27C256-90/L 
Am27C256-90JC OTP 256K EPROM,90NS PDIP28 27C256-90/P 
Am27C256-90PC OTP 256K EPROM,90NS SOIC28 27C256-90/SO 
Am27C256-1 OODC UV 256K EPROM, 1 OONS CERDIP28 27C256-1 O/J 
Am27C256-1 OOLC UV 256K EPROM, 1 OONS LCC32 27C256-1 O/K 
Am27C256-1 OOJC OTP 256K EPROM, 1 OONS PLCC32 27C256-10/L 
Am27C256-1 OOPC OTP 256K EPROM, 1 OONS PDIP28 27C256-1 O/P 
Am27C256-120DC UV 256K EPROM, 120NS CERDIP 28 27C256-12/J 
Am27C256-120LC UV 256K EPROM,120NS LCC32 27C256-12/K 
Am27C256-120JC OTP 256K EPROM, 120NS PLCC 32 27C256-12/L 
Am27C256-120PC OTP 256K EPROM,120NS PDIP28 27C256-12/P 
Am27C256-1 SODC UV 256K EPROM, 150NS CERDIP28 27C256-15/J 
Am27C256-1 SOLC UV 256K EPROM, 150NS LCC32 27C256-151K 
Am27C256-1 SOJC OTP 256K EPROM, 150NS PLCC 32 27C256-15/L 
Am27C256-1 SOPC OTP 256K EPROM,150NS PDIP28 27C256-15/P 
Am27C256-200DC UV 256K EPROM,200NS CERDIP28 27C256-20/J 
Am27C256-200LC UV 256K EPROM,200NS LCC32 27C256-20/K 
Am27C256-200JC OTP 256K EPROM,200NS PLCC 32 27C256-20/L 
Am27C256-200PC OTP 256K EPROM,200NS PDIP28 27C256-20/P 
Am27C256-1 OODI UV 256K EPROM, 100NS,IND CERDIP28 27C256-1 OUJ 
Am27C256-1 OOLI UV 256K EPROM, 1 OONS,IND LCC32 27C256-1 OUK 
Am27C256-1 OOJI OTP 256K EPROM,100NS,IND PLCC 32 27C256-101/L 
Am27C256-100PI OTP 256K EPROM,100NS,IND PDIP 28 27C256-101/P 
Am27C256-120DI UV 256K EPROM, 120NS,IND CERDIP 28 27C256-12UJ 
Am27C256-120LI UV 256K EPROM, 120NS,IND LCC32 27C256-12UK 
Am27C256-120JI OTP 256K EPROM,120NS,IND PLCC32 27C256-121/L 
Am27C256-120PI OTP 256K EPROM,120NS,IND PDIP28 27C256-121/P 
Am27C256-1 SODI UV 256K EPROM, 150NS,IND CERDIP28 27C256-15UJ 
Am27C256-1 SOLi UV 256K EPROM, 150NS,IND LCC32 27C256-15UK .. 
Am27C256-150JI OTP 256K EPROM, 150NS,IND PLCC 32 27C256-151/L 
Am27C256-150PI OTP 256K EPROM, 150NS,IND PDIP28 27C256-151/P 
Am27C256-200DI UV 256K EPROM,200NS,IND CERDIP28 27C256-20UJ 
Am27C256-200LI UV 256K EPROM,200NS,IND LCC32 27C256-20UK 
Am27C256-200JI OTP 256K EPROM,200NS,IND PLCC32 27C256-201/L 
Am27C256-200PI OTP 256K EPROM,200NS,IND PDIP28 27C256-20l/P 
Am27C512-90DC UV 512K EPROM,90NS CERDIP28 27C512-90/J 
Am27C512-90LC UV 512K EPROM,90NS LCC32 27C512-90/K 
Am27C512-90JC OTP 512K EPROM,90NS PLCC32 27C512-90/L 
Am27C512-90PC OTP 512K EPROM,90NS PDIP28 27C512-90/P 
Am27C512-120DC UV 512K EPROM,120NS CERDIP28 27C512-12/J 
Am27C512-120LC UV 512K EPROM,120NS LCC32 27C512-12/K 
Am27C512-120JC OTP 512K EPROM, 120NS PLCC32 27C512-12/L 
Am27C512-120PC OTP 512K EPROM,120NS PDIP28 27C512-12/P 
Am27C512-150DC UV 512K EPROM,150NS CERDIP28 27C512-15/J 
Am27C512-1 SOLC UV 512K EPROM,150NS LCC32 27C512-151K 
Am27C512-150JC OTP 512K EPROM,150NS PLCC32 27C512·15/L 
Am27C512-150PC OTP 512K EPROM,150NS PDIP28 27C512-15/P 
Am27C512-200DC UV 512K EPROM,200NS CERDIP28 27C512-20/J 
Am27C512-200LC UV 512K EPROM,200NS LCC32 27C512-20/K 
Am27C512-200JC OTP 512K EPROM,200NS PLCC32 27C512-20/l 
Am27C512-200PC OTP 512K EPROM,200NS PDIP28 27C512-20/P 
Am27C512-120DI UV 512K EPROM,120NS,IND CERDIP28 27C512-12UJ 
Am27CS 12-120LI UV 512K EPROM,120NS,IND LCC32 27C512-12UK 
Am27C512-120JI OTP 512K EPROM, 120NS,IND PLCC 32 27C512-121/L 
Am27C512-120PI OTP 512K EPROM,120NS,IND PDIP28 27C512-121/P 
Am27C512-150DI UV 512K EPROM, 150NS,IND CERDIP28 27C512-15UJ 
Am27CS 12-1 SOLi UV 512K EPROM,150NS,IND LCC32 27C512-15UK 
Am27C512-150JI OTP 512K EPROM,150NS,IND PLCC32 27C512-151/L 
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EPROM CROSS REFERENCE GUIDE 

CROSS REFERENCE OF MICROCHIP EPROM PRODUCTS TO THE COMPETITION 

AMD(Cont.) DESCRIPTION MICROCHIP PIN 

Am27C512-150PI OTP 512K EPROM,150NS,IND PDIP28 27C512-151/P 
Am27C512-200DI UV 512K EPROM,200NS,IND CERDIP28 27C512-20VJ 
Am27C512-200LI UV 512K EPROM,200NS,IND LCC32 27C512-20VK 
Am27C512-200JI OTP 512K EPROM,200NS,IND PLCC32 27C512-20VL 
Am27C512-200PI OTP 512K EPROM,200NS,IND PDIP28 27C512-201/P 
Am27C512-75DI UV 512K EPROM,70NS CERDIP28 27C512A-70/J 
Am27C512-75LI UV 512K EPROM,70NS LCC32 27C512A-70/K 
Am27C512-90DC UV 512K EPROM,90NS CERDIP28 27C512A-90/J 
Am27C512-90LC UV 512K EPROM,90NS LCC32 27C512A-90/K 
Am27C512-90JC OTP 512K EPROM,90NS PLCC32 27C512A-90/L 
Am27C512-90PC OTP 512K EPROM,90NS PDIP28 27C512A-90/P 
Am27C512-120DC UV 512K EPROM,120NS CERDIP28 27C512A-12/J 
Am27C512-120LC UV 512K EPROM,120NS LCC32 27C512A-12/K 
Am27C512-120JC OTP 512K EPROM, 120NS PLCC32 27C512A-12/L 
Am27C512-120PC OTP 512K EPROM,120NS PDIP28 27C512A-12/P 
Am27C512-150DC UV 512K EPROM,150NS CERDIP28 27C512A-15/J 
Am27C512-150LC UV 512K EPROM,150NS LCC32 27C512A-15/K 
Am27C512-150JC OTP 512K EPROM,150NS PLCC32 27C512A-15/L 
Am27C512-150PC OTP 512K EPROM,150NS PDIP28 27C512A-15/P 
Am27C512-200DC UV 512K EPROM,200NS CERDIP28 27C512A-20/J 
Am27C512-200LC UV 512K EPAOM,200NS LCC32 27C512A-20!K 
Am27C512-200JC OTP 512K EPROM,200NS PLCC32 27C512A-20/L 
Am27C512-200PC OTP 512K EPROM,200NS PDIP28 27C512A-20/P 
Am27HC256-55DC UV 256K HS EPROM,55NS CERDIP28 27HC256-55/J 
Am27HC256-55LC UV 256K HS EPROM,55NS LCC32 27HC256-55/K 
Am27HC256-55JC OTP 256K HS EPROM,55NS PLCC 32 27HC256-55/L 
Am27HC256-55PC OTP 256K HS EPROM,55NS PDIP28 27HC256-55/P 
Am27HC256-70DC UV 256K HS EPROM,70NS CERDIP28 27HC256-70/J 
Am27HC256-70LC UV 256K HS EPROM,70NS LCC32 27HC256-70/K 
Am27HC256-70JC OTP 256K HS EPROM,70NS PLCC 32 27HC256-70/L 
Am27HC256-70PC OTP 256K HS EPROM,70NS PDIP28 27HC256-70/P 
Am27HC256-55DI UV 256K HS EPROM,55NS,IND CERDIP28 27HC256-55VJ 
Am27HC256-55JI OTP 256K HS EPROM,55NS,IND PLCC32 27HC256-55VL 
Am27HC256-55PI OTP 256K HS EPROM,55NS,IND PDIP28 27HC256-551/P 
Am27HC256-70DI UV 256K HS EPROM,70NS,IND CERDIP28 27HC256-70VJ 
Am27HC256-70LI UV 256K HS EPROM,70NS,IND LCC32 27HC256-70VK 
Am27HC256-70JI OTP 256K HS EPROM,70NS,IND PLCC32 27HC256-70VL 
Am27HC256-70PI OTP 256K HS EPROM,70NS,IND PDIP28 27HC256-701/P 

Tl DESCRIPTION MICROCHIP PIN 
TMS27C128-12JL UV 128K EPROM, 120NS CERDIP28 27C128-12/J 
TMS27PC128-12FML OTP 128K EPROM,120NS PLCC32 27C128-12/L 
TMS27PC128-12NL OTP 128K EPROM,120NS PDIP28 27C128-12/P 
TMS27C128-15JL UV 128K EPROM,150NS CERDIP 28 27C128-15/J 
TMS27PC128-1 SFML OTP 128K EPROM, 150NS PLCC32 27C128-15/l 
TMS27PC128-15NL OTP 128K EPROM,150NS PDIP28 27C128-15/P 
TMS27C128-20JL UV 128K EPROM,200NS CERDIP28 27C128-20/J 
TMS27PC128-20FML OTP 128K EPROM,200NS PLCC32 27C128-20/l 
TMS27PC128-20NL OTP 128K EPROM,200NS PDIP28 27C128-20/P 
TMS27C128-25JL UV 128K EPROM,250NS CERDIP28 27C128-25/J 
TMS27PC128-25FML OTP 128K EPROM,250NS PLCC32 27C128-25/l 
TMS27PC128-25NL OTP 128K EPROM,250NS PDIP28 27C128-25/P 
TMS27C128-15JE UV 128K EPROM, 150NS,IND CERDIP28 27C128-15VJ 
TMS27PC128-1 SFME OTP 128K EPROM,150NS,IND PLCC32 27C128-15VL 
TMS27PC128-15NE OTP 128K EPROM,150NS,IND PDIP28 27C128-15VP 
TMS27C128-20JE UV 128K EPROM,200NS,IND CERDIP28 27C128-20VJ 
TMS27PC128-20FME OTP 128K EPROM,200NS,IND PLCC32 27C128-20VL 
TMS27PC128-20NE OTP 128K EPROM,200NS,IND PDIP28 27C128-20VP 
TMS27C128-25JE UV 128K EPROM,250NS,IND CERDIP28 27C128-25UJ 
TMS27PC128-25FME OTP 128K EPROM,250NS,IND PLCC32 27C128-25VL 
TMS27PC128-25NE OTP 128K EPROM,250NS,IND PDIP28 27C128-251/P 
TMS27C256-1 OJL UV 256K EPROM, 1 OONS CERDIP28 27C256-1 O/J 
TMS27PC256-1 OFML OTP 256K EPROM, 1 OONS PLCC32 27C256-1 OIL 
TMS27PC256-1 ONL OTP 256K EPROM, 1 OONS PDIP28 27C256-1 O/P 
TMS27C256-12JL UV 256K EPROM, 120NS CERDIP28 27C256-12/J 
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CROSS REFERENCE OF MICROCHIP EPROM PRODUCTS TO THE COMPETITION 

Tl (Cont.) DESCRIPTION MICROCHIP PIN 

TMS27PC256-12FML OTP 256K EPROM,120NS PLCC32 27C256-12A. 
TMS27PC256-12NL OTP 256K EPROM, 120NS PDIP28 27C256-12/P 
TMS27C256-15JL UV 256K EPROM, 1 SONS CERDIP28 27C256-15/J 
TMS27PC256-1 SFML OTP 256K EPROM,150NS PLCC32 27C256-15/L 
TMS27PC256-1 SNL OTP 256K EPROM,150NS PDIP28 27C256-15/P 
TMS27C256-20JL UV 256K EPROM,200NS CERDIP28 27C256-20/J 
TMS27PC256-20FML OTP 256K EPROM,200NS PLCC32 27C256-20/L 
TMS27PC256-20NL OTP 256K EPROM,200NS PDIP28 27C256-20/P 
TMS27C256-1 OJE UV 256K EPROM, 1 OONS,IND CERDIP28 27C256-101/J 
TMS27PC256-1 OFME OTP 256K EPROM, 1 OONS,IND PLCC 32 27C256-101/L 
TMS27PC256-10NE OTP 256K EPROM,100NS,IND PDIP28 27C256-101/P 
TMS27C256-12JE UV 256K EPROM, 120NS,IND CERDIP28 27C256-121/J 
TMS27PC256-12FME OTP 256K EPROM,120NS,IND PLCC32 27C256-121/L 
TMS27PC256-12NE OTP 256K EPROM, 120NS,IND PDIP28 27C256-121/P 
TMS27C256-1 SJE UV 256K EPROM, 1 SONS,IND CERDIP28 27C256-151/J 
TMS27PC256-15FME OTP 256K EPROM,150NS,IND PLCC32 27C256-151/L 
TMS27PC256-15NE OTP 256K EPROM,150NS,IND PDIP28 27C256-151/P 
TMS27C256-20JE UV 256K EPROM,200NS,IND CERDIP28 27C256-201/J 
TMS27PC256-20FME OTP 256K EPROM,200NS,IND PLCC32 27C256-201/L 
TMS27PC256-20NE OTP 256K EPROM,200NS,IND PDIP28 27C256-201/P 
TMS27C512-10JL UV 512K EPROM,100NS CERDIP28 27C512-1 O/J 
TMS27PC512-10FML OTP 512K EPROM,100NS PLCC 32 27C512-10/L 
TMS27PC512-10NL OTP 512K EPROM,100NS PDIP 28 27C512-10/P 
TMS27C512-12JL UV 512K EPROM,120NS CERDIP28 27C512-12/J 
TMS27PC512-12FML OTP 512K EPROM,120NS PLCC32 27C512-12A. 
TMS27PC512-12NL OTP 512K EPROM,120NS PDIP 28 27C512-12/P 
TMS27C512-15JL UV 512K EPROM,150NS CERDIP28 27C512-15/J 
TMS27PC512-15FML OTP 512K EPROM,150NS PLCC32 27C512-15/L 
TMS27PC512-15NL OTP 512K EPROM,150NS PDIP28 27C512-15/P 
TMS27C512-20JL UV 512K EPROM,200NS CERDIP28 27C512-20/J 
TMS27PC512-20FML OTP 512K EPROM,200NS PLCC32 27C512-20/L 
TMS27PC512-20NL OTP 512K EPROM,200NS PDIP28 27C512-20/P 
TMS27C512-10JE UV 512K EPROM,100NS,IND CERDIP28 27C512-101/J 
TMS27PC512-10FME OTP 512K EPROM,100NS,IND PLCC32 27C512-101/L 
TMS27PC512-1 ONE OTP 512K EPROM,100NS,IND PDIP28 27C512-101/P 
TMS27C512-12JE UV 512K EPROM,120NS,IND CERDIP28 27C512-121/J • TMS27PC512-12FME OTP 512K EPROM,120NS,IND PLCC32 27C512-121/L 
TMS27PC512-12NE OTP 512K EPROM,120NS,IND PDIP28 27C512-121/P 
TMS27C512-15JE UV 512K EPROM,150NS,IND CERDIP28 27C512-151/J 
TMS27PC512-15FME OTP 512K EPROM,150NS,IND PLCC32 27C512-151/L 
TMS27PC512-15NE OTP 512K EPROM,150NS,IND PDIP28 27C512-151/P 
TMS27C512-20JE UV 512K EPROM,200NS,IND CERDIP28 27C512-201/J 
TMS27PC512-20FME OTP 512K EPROM,200NS,IND PLCC32 27C512-201/L 
TMS27PC512-20NE OTP 512K EPROM,200NS,IND PDIP28 27C512-201/P 
TMS27C512-80JL UV 512K EPROM,70NS CERDIP28 27C512A-70/J 
TMS27PC512-80FML OTP 512K EPROM,70NS PLCC32 27C512A-70/L 
TMS27PC512-80NL OTP 512K EPROM,70NS PDIP28 27C512A-70/P 
TMS27C512-10JL UV 512K EPROM,90NS CERDIP28 27C512A-90/J 
TMS27PC512-1 OFML OTP 512K EPROM,90NS PLCC32 27C512A-90/L 
TMS27PC512-10NL OTP 512K EPROM,90NS PDIP28 27C512A-90/P 
TMS27C512-12JL UV 512K EPROM,120NS CERDIP28 27C512A-12/J 
TMS27PC512-12FML OTP 512K EPROM,120NS PLCC32 27C512A-12A. 
TMS27PC512-12NL OTP 512K EPROM,120NS PDIP28 27C512A-12/P 
TMS27C512-15JL UV 512K EPROM,150NS CERDIP28 27C512A-15/J 
TMS27PC512-15FML OTP 512K EPROM,150NS PLCC32 27C512A-15/L 
TMS27PC512-15NL OTP 512K EPROM,150NS PDIP28 27C512A-15/P 
TMS27C512-20JL UV 512K EPROM,200NS CERDIP28 27C512A-20/J 
TMS27PC512-20FML OTP 512K EPROM,200NS PLCC32 27C512A-20/L 
TMS27PC512-20NL OTP 512K EPROM,200NS PDIP28 27C512A-20/P 

SGS DESCRIPTION MICROCHIP PIN 
M27C64A-15F1 UV 64K EPROM, 1 SONS CERDIP28 27C64-15/J 
M27C64A-15C1 OTP 64K EPROM, 150NS PLCC32 27C64-15/L 
M27C64A-15C1TR OTP 64K EPROM, 150NS PLCC32 27C64T-15/L 
M27C64A-20F1 UV 64K EPROM,200NS CERDIP28 27C64-20/J 
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M27C64A-20C1 OTP 64K EPROM,200NS PLCC32 27C64-20IL 
M27C64A-20C1TR OTP 64K EPROM,200NS PLCC32 27C64T-20IL 
M27C64A-25F1 UV 64K EPROM,250NS CERDIP28 27C64-25/J 
M27C64A-25C1 ' OTP 64K EPROM,250NS PLCC32 27C64-25/L 
M27C64A-25C1TR OTP 64K EPROM,250NS PLCC32 27C64T-251L 
M27C64A-15F6 UV 64K EPROM, 1 SONS,IND CERDIP28 27C64-151/J 
M27C64A-15C6 OTP 64K EPROM, 150NS,IND PLCC32 27C64-151/L 
M27C64A-15C6TR OTP 64K EPROM, 150NS,IND PLCC32 27C64T-151/L 
M27C64A-20F6 UV 64K EPROM,200NS,IND CERDIP28 27C64-201/J 
M27C64A-20C6 OTP 64K EPROM,200NS,IND PLCC32 27C64-201/L 
M27C64A-20C6TR OTP 64K EPROM,200NS,IND PLCC32 27C64T-20l/L 
M27C64A-25F6 UV 64K EPROM,250NS,IND CERDIP28 27C64-251/J 
M27C64A-25C6 OTP 64K EPROM,250NS,IND PLCC32 27C64-251/L 
M27C64A-25C6TR OTP 64K EPROM,250NS,IND PLCC32 27C64T-251/L 
M27C128A-12F1 UV 128K EPROM,120NS CERDIP28 27C128-12/J 
M27C128A-12C1 OTP 128K EPROM,120NS PLCC32 27C128-1211.. 
M27C128A-15F1 UV 128K EPROM, 150NS CERDIP28 27C128-15/J 
M27C128A-15C1 OTP 128K EPROM, 150NS PLCC32 27C128-151L 
M27C128A-20F1 UV 128K EPROM,200NS CERDIP28 27C128-20/J 
M27C128A-20C1 OTP 128K EPROM,200NS PLCC32 27C128-20/L 
ilii27C128A-12F6 UV 128K EPROM, 120NS,IND CERCIP28 27C12S-1211J 
M27C128A-15F6 UV 128K EPROM, 1 SONS,IND CERDIP28 27C128-151/J 
M27C128A-15C6 OTP 12BK EPROM,150NS,IND PLCC32 27C128-151/L 
M27C128A-20F6 UV 128K EPROM,200NS,IND CERDIP28 27C128-201/J 
M27C128A-20C6 OTP 128K EPROM,200NS,IND PLCC32 27C128-20l/L 
M27C256B-90F1 UV 256K EPROM,90NS CERDIP28 27C256-90/J 
M27C256B-90C1 OTP 256K EPROM,90NS PLCC32 27C256-90/L 
M27C256B-90B1 OTP 256K EPROM,90NS PDIP28 27C256-90IP 
M27C256B-90C1 OTP 256K EPROM,90NS PLCC32 27C256T-90IL 
M27C256B-1 OF1 UV 256K EPROM, 100NS CERDIP28 27C256-10/J 
M27C256B-10C1 OTP 256K EPROM, 1 OONS PLCC32 27C256-10/L 
M27C256B-10B1 OTP 256K EPROM, 1 OONS PDIP28 27C256-10/P 
M27C256B-10N1 OTP 256K EPROM, 1 OONS VSOP28 27C256-10NS 
M27C256B-1 OC1 OTP 256K EPROM, 1 OONS PLCC32 27C256T-10/L 
M27C256B-12F1 UV 256K EPROM, 120NS CERDIP28 27C256-12/J 
M27C256B-12C1 OTP 256K EPROM, 120NS PLCC32 27C256-121L 
M27C256B-12B1 OTP 256K EPROM, 120NS PDIP28 27C256-12/P 
M27C256B-12M1* OTP 256K EPROM, 120NS SOIC28 27C256-12/SO 
M27C256B-12N1 OTP 256K EPROM, 120NS VSOP28 27C256-12NS 
M27C256B-12C1 OTP 256K EPROM,120NS PLCC32 27C256T-12/L 
M27C256B-15F1 UV 256K EPROM, 1 SONS CERDIP28 27C256-15/J 
M27C256B-15C1 OTP 256K EPROM, 1 SONS PLCC32 27C256-151L 
M27C256B-15B1 OTP 256K EPROM, 1 SONS PDIP28 27C256-15/P 
M27C256B-15M1 • OTP 256K EPROM, 1 SONS SOIC28 27C256-151SO 
M27C256B-15N1 OTP 256K EPROM, 1 SONS VSOP28 27C256-15NS 
M27C256B-15C1 OTP 256K EPROM, 1 SONS PLCC32 27C256T-151L 
M27C256B-20F1 UV 256K EPROM,200NS CERDIP28 27C256-20/J 
M27C256B-20C1 OTP 256K EPROM,200NS PLCC32 27C256-20/L 
M27C256B-20B1 OTP 256K EPROM,200NS PDIP28 27C256-20/P 
M27C256B-20M1 • OTP 256K EPROM,200NS SOIC28 27C256-20ISO 
M27C256B-20C1 OTP 256K EPROM,200NS PLCC32 27C256T-20IL 
M27C256B-1 OF6 UV 256K EPROM, 100NS,IND CERDIP28 27C256-101/J 
M27C256B-10C6 OTP 256K EPROM, 100NS,IND PLCC32 27C256-1 OllL 
M27C256B-10B6 OTP 256K EPROM, 1 OONS,IND PDIP28 27C256-1 OllP 
M27C256B-10C6 OTP 256K EPROM, 1 OONS,IND PLCC32 27C256T-101/L 
M27C256B-12F6 UV 256K EPROM, 120NS,IND CERDIP28 27C256-121/J 
M27C256B-12C6 OTP 256K EPROM, 120NS,IND PLCC32 27C256-121/L 
M27C256B-12B6 OTP 256K EPROM,120NS,IND PDIP28 27C256-121/P 
M27C256B-12C6 OTP 256K EPROM, 120NS,IND PLCC32 27C256T-121/L 
M27C256B-15F6 UV 256K EPROM, 1 SONS,IND CERDIP28 27C256-151/J 
M27C256B-15C6 OTP 256K EPROM, 1 SONS,IND PLCC32 27C256-151/L 
M27C256B-15B6 OTP 256K EPROM,150NS,IND PDIP28 27C256-151/P 
M27C256B-15C6 OTP 256K EPROM, 1 SONS,IND PLCC32 27C256T-151/L 
M27C256B-20F6 UV 256K EPROM,200NS,IND CERDIP28 27C256-201/J 
M27C256B-20C6 OTP 256K EPROM,200NS,IND PLCC32 27C256-20llL 
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M27C256B-2086 OTP 256K EPROM,200NS,IND PDIP28 27C256-20UP 
M27C256B-20C6 OTP 256K EPROM,200NS,IND PLCC32 27C256T-20UL 
M27C512-90F1 UV 512K EPROM,90NS CERDIP28 27C512-90/J 
M27C512-90C1 OTP 512K EPROM,90NS PLCC32 27C512-90/L 
M27C512-9081 OTP 512K EPROM,90NS PDIP28 27C512-90/P 
M27C512-90C1 OTP 512K EPROM,90NS PLCC32 27C512T-90/L 
M27C512-10F1 UV 512K EPROM, 1 OONS CERDIP28 27C512-10/J 
M27C512-10C1 OTP 512K EPROM,100NS PLCC32 27C512-10/L 
M27C512-1081 OTP 512K EPROM,100NS PDIP28 27C512-10/P 
M27C512-10C1 OTP 512K EPROM,100NS PLCC32 27C512T-1 OIL 
M27C512-12F1 UV 512K EPROM,120NS CERDIP28 27C512-12/J 
M27C512-12C1 OTP 512K EPROM,120NS PLCC32 27C512-12/L 
M27C512-1281 OTP 512K EPROM,120NS PDIP28 27C512-12/P 
M27C512-12C1 OTP 512K EPROM,120NS PLCC32 27C512T-12/L 
M27C512-15F1 UV 512K EPROM, 1 SONS CERDIP28 27C512-15/J 
M27C512-15C1 OTP 512K EPROM,150NS PLCC32 27C512-15/L 
M27C512-1581 OTP 512K EPROM, 1 SONS PDIP28 27C512-15/P 
M27C512-15C1 OTP 512K EPROM,150NS PLCC32 27C512T-15/L 
M27C512-20F1 UV 512K EPROM,200NS CERDIP28 27C512-20/J 
M27C512-20C1 OTP 512K EPROM,200NS PLCC32 27C512-20/L 
M27C512-2081 OTP 512K EPROM,200NS PDIP28 27C512-20/P 
M27C512-20C1 OTP 512K EPROM,200NS PLCC32 27C512T-20/L 
M27C512-10F6 UV 512K EPROM, 100NS,IND CERDIP28 27C512-1011J 
M27C512-10C6 OTP 512K EPROM, 1 OONS,IND PLCC32 27C512-10l/L 
M27C512-1086 OTP 512K EPROM, 1 OONS,IND PDIP28 27C512-10UP 
M27C512-1 OC6 OTP 512K EPROM, 1 OONS,IND PLCC32 27C512T-10UL 
M27C512-12F6 UV 512K EPROM,120NS,IND CERDIP28 27C512-1211J 
M27C512-12C6 OTP 512K EPROM,120NS,IND PLCC32 27C512-12UL 
M27C512-1286 OTP 512K EPROM,120NS,IND PDIP28 27C512-121/P 
M27C512-12C6 OTP 512K EPROM, 120NS,IND PLCC32 27C512T-1211L 
M27C512-15F6 UV 512K EPROM, 1 SONS,IND CERDIP28 27C512-1511J 
M27C512-15C6 OTP 512K EPROM, 1 SONS,IND PLCC32 27C512-15UL 
M27C512-1586 OTP 512K EPROM, 1 SONS,IND PDIP28 27C512-151/P 
M27C512-15C6 OTP 512K EPROM, 1 SONS,IND PLCC32 27C512T-151/L 
M27C512-20F6 UV 512K EPROM,200NS,IND CERDIP28 27C512-2011J 
M27C512-20C6 OTP 512K EPROM,200NS,IND PLCC32 27C512-20l/L • M27C512-2086 OTP 512K EPROM,200NS,IND PDIP28 27C512-20UP 
M27C512-20C6 OTP 512K EPROM,200NS,IND PLCC32 27C512T-20l/L 
M27C512-80F1 UV 512K EPROM,70NS CERDIP28 27C512A-70/J 
M27C512-80C1 OTP 512K EPROM,70NS PLCC32 27C512A-70/L 
M27C512-8081 OTP 512K EPROM,70NS PDIP28 27C512A-70/P 
M27C512-80C1 OTP 512K EPROM,70NS PLCC32 27C512AT-70/L 
M27C512-90F1 UV 512K EPROM,90NS CERDIP28 27C512A-90/J 
M27C512-90C1 OTP 512K EPROM,90NS PLCC32 27C512A-90/L 
M27C512-9081 OTP 512K EPROM,90NS PDIP28 27C512A-90/P 
M27C512-90C1 OTP 512K EPROM,90NS PLCC32 27C512AT-90/L 
M27C512-12F1 UV 512K EPROM, 120NS CERDIP28 27C512A-12/J 
M27C512-12C1 OTP 512K EPROM, 120NS PLCC32 27C512A-12/L 
M27C512-1281 OTP 512K EPROM, 120NS PDIP28 27C512A-12/P 
M27C512-12C1 OTP 512K EPROM,120NS PLCC32 27C512AT-12/L 
M27C512-15F1 UV 512K EPROM,150NS CERDIP28 27C512A-15/J 
M27C512-15C1 OTP 512K EPROM, 1 SONS PLCC32 27C512A-15/L 
M27C512-1581 OTP 512K EPROM, 1 SONS PDIP28 27C512A-15/P 
M27C512-15C1 OTP 512K EPROM, 1 SONS PLCC32 27C512AT-1511.. 
M27C512-20F1 UV 512K EPROM,200NS CERDIP28 27C512A-20/J 
M27C512-20C1 OTP 512K EPROM,200NS PLCC32 27C512A-20/L 
M27C512-2081 OTP 512K EPROM,200NS PDIP28 27C512A-20/P 
M27C512-20C1 OTP 512K EPROM,200NS PLCC32 27C512AT-20/L 
M27V512-200K1 OTP 512K EPROM,3V,200NS PLCC32 27LV512-20/L 
M27V512-250K1 OTP 512K EPROM,3V,250NS PLCC32 27LV512-251L 
M27V512-300K1 OTP 512K EPROM,3V,300NS PLCC32 27LV512-30/L 
M27V512-200K6 OTP 512K EPROM,3V,200NS,IND PLCC32 27LV512-20UL 
M27V512-250K6 OTP 512K EPROM,3V,250NS,IND PLCC32 27LV512-251/L 
M27V512-300K6 OTP 512K EPROM,3V,300NS,IND PLCC32 27LV512-3011L 
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27C64A-1Q UV 64K EPROM, 150NS CERDIP28 27C64-15/J 
27C64A-20Q UV 64K EPROM,200NS CERDIP28 27C64-20/J 
27C64A-25Q UV 64K EPROM,250NS CERDIP28 27C64-25/J 
27C64A-1T UV 64K EPROM, 150NS,IND CERDIP28 27C64-151/J 
27C64A-20T UV 64K EPROM,200NS,INO CERDIP28 27C64-201/J 
27C64A-25Q UV 64K EPROM,250NS,IND CERDIP28 27C64-251/J 
27128A-1Q UV 128K EPROM,150NS CERDIP28 27C128-15/J 
27128A-20Q UV 128K EPROM,200NS CERDIP28 27C128-20/J 
27128A-25Q UV 128K EPROM,250NS CERDIP28 27C128-25/J 
27128A-1T UV 128K EPROM,150NS,IND CERDIP28 27C128-1511J 
27128A-20T UV 128K EPROM,200NS,IND CERDIP28 27C128-2011J 
27128A-25T UV 128K EPROM,250NS,IND CERDIP28 27C128-2511J 
27C256-120V10Q UV 256K EPROM, 120NS CERDIP28 27C256-12/J 
N27C256-120V10Q OTP 256K EPROM, 120NS PLCC32 27C256-12/L 
P27C256-120V1 OQ OTP 256K EPROM, 120NS PDIP28 27C256-12/P 
27C256-150V10Q UV 256K EPROM, 150NS CERDIP28 27C256-15/J 
N27C256-150V10Q OTP 256K EPROM, 150NS PLCC32 27C256-15/L 
P27C256-150V10Q OTP 256K EPROM, 150NS PDIP28 27C256-15/P 
27C256-200V10Q UV 256K EPROM,200NS CERDIP28 27C256-20/J 
N27C256-200V1 OQ OTP 256K EPROM,200NS PLCC32 27C256-20/L 
1":1""7,...l"llCl! l"llnn\1 .. nn OTP 255K EPROM,2CONS PDIP28 27C255-2C,'P rr-1vie.~.c;vuv IV""'I 

27C256-120V1 OT UV 256K EPROM, 120NS,IND CERDIP28 27C256-121/J 
N27C256-120V10T OTP 256K EPROM, 120NS,IND PLCC32 27C256-121/l. 
P27C256-120V10T OTP 256K EPROM, 120NS,IND PDIP28 27C256-1211P 
27C256-150V1 OT UV 256K EPROM, 150NS,IND CERDIP28 27C256-1511J 
N27C256-150V1 OT OTP 256K EPROM,150NS,IND PLCC32 27C256-151/l. 
P27C256-150V1 OT OTP 256K EPROM, 150NS,IND PDIP28 27C256-1511P 
27C256-200V10T UV 256K EPROM,200NS,IND CERDIP28 27C256-2011J 
N27C256-200V1 OT OTP 256K EPROM,200NS,IND PLCC32 27C256-201/l. 
P27C256-200V1 OT OTP 256K EPROM,200NS,IND PDIP28 27C256-201/P 
27C512-120V10Q UV 512K EPROM,120NS CERDIP28 27C512-12/J 
27C512-150V10Q UV 512K EPROM,150NS CERDIP28 27C512-15/J 
27C512-200V10Q UV 512K EPROM,200NS CERDIP28 27C512-20/J 
27C512-120V10T UV 512K EPROM,120NS,IND CERDIP28 27C512-121/J 
27C512-150V10T UV 512K EPROM, 150NS,IND CERDIP28 27C512-151/J 
27C512-200V10T UV 512K EPROM,200NS,IND CERDIP28 27C512-201/J 
27C512-120V10Q UV 512K EPROM, 120NS CERDIP28 27C512A-12/J 
27C512-150V10Q UV 512K EPROM,150NS CERDIP28 27C512A-15/J 
27C512-200V10Q UV 512K EPROM,200NS CERDIP28 27C512A-20/J 

TOSHIBA DESCRIPTION MICROCHIP PIN 
TC57256AD-12/-120 UV 256K EPROM, 120NS CERDIP28 27C256-12/J 
TC57256AD-15/-150 UV 256K EPROM,150NS CERDIP28 27C256-15/J 
TC57256AD-20 UV 256K EPROM,200NS CERDIP28 27C256-20/J 
TC54256AP-15 OTP 256K EPROM, 150NS,IND PDIP28 27C256-1511P 
TC54256AF-20* OTP 256K EPROM, 150NS,IND SOIC28 27C256-151/SO 
TC57512AD-15 UV 512K EPROM,150NS LCC32 27C512-15/K 
TC54512AP-15 OTP 512K EPROM,150NS PDIP28 27C512-15/P 
TC54512AF-15* OTP 512K EPROM,150NS SOIC28 27C512-15/SO 
TC57512AD-20 UV 512K EPROM,200NS CERDIP28 27C512-20/J 
TC54512AP-20 OTP 512K EPROM,200NS PDIP28 27C512-20/P 
TC54512AF-20* OTP 512K EPROM,200NS SOIC28 27C512-20/S0 
TC54512AP-17 OTP 512K EPROM,150NS,IND PDIP28 27C512-1511P 
TC54512AP-20 OTP 512K EPROM,200NS,INO PDIP28 27C512-2011P 
TC57H2560-70/-85 UV 256K HS EPROM,70NS CERDIP28 27HC256-70/J 

NATIONAL DESCRIPTION MICROCHIP PIN 
NM27C64Q150 UV 64K EPROM, 150NS CERDIP28 27C64-15/J 
NM27C64N150 OTP MK EPROM, 150NS PDIP28 27C64-15/P 
NM27C64Q200 UV 64K EPROM,200NS CERDIP28 27C64-20/J 
NM27C64N200 OTP 64K EPROM,200NS PDIP28 27C64-20/P 
NM27C64QE150 UV 64K EPROM, 150NS,IND CERDIP28 27C64-151/J 
NM27C64NE150 OTP 64K EPROM, 150NS,IND PDIP28 27C64-151/P 
NM27C1280150 UV 128K EPROM, 120NS CERDIP28 27C128-12/J 
NM27C128N150 OTP 128K EPROM, 120NS PDIP28 27C128-12/P 
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NM27C128Q200 UV 128K EPROM.200NS CERDIP28 27C128-20/J 
NM27C128N200 OTP 128K EPROM,200NS PDIP28 27C128-20/P 
NM27C128QE150 UV 128K EPROM,150NS,IND CERDIP28 27C128-1511J 
NM27C128NE150 OTP 128K EPROM,150NS,IND PDIP28 27C128-1511P 
NM27C256Q100 UV 256K EPROM, 1 OONS CERDIP28 27C256-1 O/J 
NM27C256V100 OTP 256K EPROM, 1 OONS PLCC32 27C256-1 on.. 
NM27C256N100 OTP 256K EPROM, 100NS PDIP28 27C256-101P 
NM27C256Q120 UV 256K EPROM, 120NS CERDIP28 27C256-12/J 
NM27C256V120 OTP 256K EPROM, 120NS PLCC32 27C256-12/L 
NM27C256N120 OTP 256K EPROM, 120NS PDIP28 27C256-12/P 
NM27C256Q150 UV 256K EPROM, 150NS CERDIP28 27C256-15/J 
NM27C256V150 OTP 256K EPROM, 150NS PLCC32 27C256-15/L 
NM27C256N150 OTP 256K EPROM, 150NS PDIP28 27C256-15/P 
NM27C256Q200 UV 256K EPROM,200NS CERDIP28 27C256-20/J 
NM27C256V200 OTP 256K EPROM,200NS PLCC32 27C256-2M. 
NM27C256N200 OTP 256K EPROM,200NS PDIP28 27C256-20IP 
NM27C256QE100 UV 256K EPROM, 1 OONS,IND CERDIP28 27C256-101/J 
NM27C256VE100 OTP 256K EPROM, 100NS,IND PLCC32 27C256-101/L 
NM27C256NE100 OTP 256K EPROM, 100NS,IND PDIP28 27C256-101/P 
NM27C256QE120 UV 256K EPROM, 120NS,IND CERDIP28 27C256-1211J 
NM27C256VE120 OTP 256K EPROM, 120NS,IND PLCC32 27C256-1211L 
NM27C256NE120 OTP 256K EPROM, 120NS,IND PDIP28 27C256-1211P 
NM27C256QE150 UV 256K EPROM, 150NS,IND CERDIP28 27C256-1511J 
NM27C256VE150 OTP 256K EPROM, 150NS,IND PLCC32 27C256-151/L 
NM27C256NE150 OTP 256K EPROM, 150NS,IND PDIP28 27C256-1 SllP 
NM27C256QE200 UV 256K EPROM,200NS,IND CEADIP28 27C256-2011J 
NM27C256VE200 OTP 256K EPROM,200NS,IND PLCC32 27C256-2011L 
NM27C256NE200 OTP 256K EPROM,200NS,IND PDIP28 27C256-2011P 
NM27C512Q120 UV 512K EPROM,120NS CERDIP28 27C512-12/J 
NM27C512V120 OTP 512K EPROM, 120NS PLCC32 27C512-12/L 
NM27C512N120 OTP 512K EPROM, 120NS PDIP28 27C512-12/P 
NM27C512Q150 UV 512K EPROM, 150NS CERDIP28 27C512-15/J 
NM27C512V150 OTP 512K EPROM,150NS PLCC32 27C512-15/L 
NM27C512N150 OTP 512K EPROM, 1 SONS PDIP28 27C512-15/P 
NM27C512Q200 UV 512K EPROM,200NS CERDIP28 27C512-20/J 
NM27C512V200 OTP 512K EPROM,200NS PLCC32 27C512-2M. • NM27C512N200 OTP 512K EPROM,200NS PDIP28 27C512-20IP 
NM27C512QE120 UV 512K EPROM,120NS,IND CERDIP28 27C512-1211J 
NM27C512VE120 OTP 512K EPROM, 120NS,IND PLCC32 27C512-1211L 
NM27C512NE120 OTP 512K EPROM, 120NS,IND PDIP28 27C512-1211P 
NM27C512QE150 UV 512K EPROM,150NS,IND CERDIP28 27C512-1511J 
NM27C512VE150 OTP 512K EPROM, 150NS,IND PLCC32 27C512-1511L 
NM27C512NE150 OTP 512K EPROM, 150NS,IND PDIP28 27C512-1511P 
NM27C512QE200 UV 512K EPROM,200NS,IND CERDIP28 27C512-2011J 
NM27C512VE200 OTP 512K EPROM,200NS,IND PLCC32 27C512-2011L 
NM27C512NE200 OTP 512K EPROM,200NS,IND PDIP28 27C512-2011P 
NM27C512Q120 UV 512K EPROM, 120NS CERDIP28 27C512A-12/J 
NM27C512V120 OTP 512K EPROM, 120NS PLCC32 27C512A-12JI... 
NM27C512N120 OTP 512K EPROM, 120NS PDIP28 27C512A-121P 
NM27C512Q150 UV 512K EPROM,150NS CERDIP28 27C512A-15/J 
NM27C512V150 OTP 512K EPROM,150NS PLCC32 27C512A-15/L 
NM27C512N150 OTP 512K EPROM,150NS PDIP28 27C512A-15/P 
NM27C512Q200 UV 512K EPROM,200NS CERDIP28 27C512A-20fJ 
NM27C512V200 OTP 512K EPROM,200NS PLCC32 27C512A-2M. 
NM27C512N200 OTP 512K EPROM,200NS PDIP28 27C512A-20/P 

ATMEL DESCRIPTION MICROCHIP PIN 
AT27C256A-90DC UV 256K EPROM,90NS CERDIP28 27C256-90/J 
AT27C256R-90JC OTP 256K EPROM,90NS PLCC32 27C256-9M. 
AT27C256R-90PC OTP 256K EPROM,90NS PDIP28 27C256-90/P 
AT27C256R-90RC* OTP 256K EPROM,90NS SOIC28 27C256-90ISO 
AT27C256A-90TC OTP 256K EPROM,90NS VSOP28 27C256-90NS 
AT27C256A-12DC UV 256K EPROM, 120NS CERDIP28 27C256-12/J 
AT27C256R-12LC UV 256K EPROM, 120NS LCC32 27C256-12/K 
AT27C256A-12JC OTP 256K EPROM, 120NS PLCC32 27C256-12/L 

Cl 1994 Microchip Technology Inc. OS 111788-page 9 
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EPROM CROSS REFERENCE GUIDE 

CROSS REFERENCE OF MICROCHIP EPROM PRODUCTS TO THE COMPETITION 

Atmel (Cont.) DESCRIPTION MICROCHIP PIN 

A T27C256R-12PC OTP 256K EPROM, 120NS PDIP28 27C256-12/P 
AT27C256R-12RC* OTP 256K EPROM, 120NS SOIC28 27C256-12/SO 
AT27C256R-12TC OTP 256K EPROM, 120NS VSOP28 27C256-12NS 
AT27C256R-15DC UV 256K EPROM, 150NS CERDIP28 27C256-15/J 
AT27C256R-15LC UV 256K EPROM, 150NS LCC32 27C256-15/K 
A T27C256R-15JC OTP 256K EPROM, 150NS PLCC32 27C256-15/L 
AT27C256R-15PC OTP 256K EPROM, 150NS PDIP28 27C256-15/P 
AT27C256R-15RC* OTP 256K EPROM, 150NS SOIC28 27C256-15/SO 
AT27C256R-15TC OTP 256K EPROM, 150NS VSOP28 27C256-15/VS 
A T27C256R-20DC UV 256K EPROM,200NS CERDIP28 27C256-20/J 
AT27C256R-20LC UV 256K EPROM,200NS LCC32 27C256-20/K 
A T27C256R-20JC OTP 256K EPROM,200NS PLCC32 27C256-20/L 
A T27C256R-20PC OTP 256K EPROM,200NS PDIP28 27C256-20/P 
AT27C256R-20RC* OTP 256K EPROM,200NS SOIC28 27C256-20/SO 
A T27C256R-20TC OTP 256K EPROM,200NS VSOP28 27C256-20NS 
AT27C256R-12DI UV 256K EPROM,120NS,IND CERDIP28 27C256-121/J 
AT27C256R-12LI UV 256K EPROM,120NS,IND LCC32 27C256-121/K 
AT27C256R-12JI OTP 256K EPROM, 120NS,IND PLCC32 27C256-121/L 
AT27C256R-12PI OTP 256K EPROM,120NS,IND PDIP28 27C256-121/P 
A T27C256R-12RI* OTP 256K EPROM, 120NS,IND SOIC28 27C256-121/SO 
A T27C256R-15DI UV 256K EPROM, 1 SONS,IND CERDIP28 27C256-151/J 
AT27C256R-15LI UV 256K EPROM,150NS,IND LCC32 27C256-151/K 
AT27C256R-15JI OTP 256K EPROM, 150NS,IND PLCC32 27C256-151/L 
AT27C256R-15PI OTP 256K EPROM, 150NS,IND PDIP28 27C256-151/P 
AT27C256R-15RI* OTP 256K EPROM, 150NS,IND SOIC28 27C256-151/SO 
A T27C256R-20DI UV 256K EPROM,200NS,IND CERDIP28 27C256-201/J 
A T27C256R-20LI UV 256K EPROM,200NS,IND LCC32 27C256-201/K 
AT27C256R-20JI OTP 256K EPROM,200NS,IND PLCC32 27C256-201/L 
A T27C256R-20PI OTP 256K EPROM,200NS,IND PDIP28 27C256-201/P 
AT27C256R-20RI* OTP 256K EPROM,200NS,IND SOIC28 27C256-201/SO 
AT27C512R-90DC UV 512K EPROM,90NS CERDIP28 27C512A-90/J 
AT27C512R-90LC UV 512K EPROM,90NS LCC32 27C512A-90/K 
AT27C512R-90JC OTP 512k EPROM,90NS PLCC 32 27C512A-90/L 
A T27C512R-90PC OTP 512K EPRQM,90NS PDIP28 27C512A-90/P 
AT27C512R-90RC* OTP 512K EPROM,90NS SOIC28 27C512A-90/SO 
AT27C512R-90TC QTP 512K EPROM,90NS VSOP28 27C512A-90NS 
AT27C512R-12DC UV 512K EPROM,120NS CERDIP28 27C512A-12/J 
AT27C512R-12LC UV 512K EPROM,120NS LCC32 27C512A-12/K 
AT27C512R-12JC OTP 512K EPROM,120NS PLCC32 27C512A-12/L 
AT27C512R-12PC OTP 512K EPROM,120NS PDIP28 27C512A-12/P 
AT27C512R-12RC* OTP 512K EPROM,120NS SOIC28 27C512A-12/SO 
AT27C512R-12TC OTP 512K EPROM,120NS VSOP28 27C512A-12NS 
AT27C512R-15DC UV 512K EPROM,150NS CERDIP 28 27C512A-15/J 
AT27C512R-15LC UV 512K EPROM,150NS LCC32 27C512A-15/K 
AT27C512R-15JC OTP 512K EPROM,150NS PLCC 32 27C512A-15/L 
AT27C512R-15PC OTP 512K EPROM,150NS PDIP28 27C512A-15/P 
AT27C512R-15RC* OTP 512K EPROM,150NS SOIC28 27C512A-15/SO 
AT27C512R-15TC OTP 512K EPROM, 150NS VSOP 28 27C512A-15/VS 
AT27C512R-20DC UV 512K EPROM,200NS CERDIP28 27C512A-20/J 
AT27C512R-20LC UV 512K EPROM,200NS LCC32 27C512A-20/K 
AT27C512R-20JC OTP 512K EPROM,200NS PLCC32 27C512A-20/L 
AT27C512R-20PC OTP 512K EPROM,200NS PDIP28 27C512A-20/P 
AT27C512R-20RC* OTP 512K EPROM,200NS SOIC28 27C512A-20/SO 
AT27HC256R-55DC UV 256K HS EPROM,55NS CERDIP28 27HC256-55/J 
AT27HC256R-55LC UV 256K HS EPROM,55NS LCC32 27HC256-55/K 
AT27HC256R-70DC UV 256K HS EPROM,70NS CERDIP28 27HC256-70/J 
AT27HC256R-70LC UV 256K HS EPROM,70NS LCC32 27HC256-70/K 
AT27HC256R-70JC OTP 256K HS EPROM,70NS PLCC32 27HC256-70/L 
AT27HC256R-70PC OTP 256K HS EPROM,70NS PDIP28 27HC256-70/P 
AT27HC256R-90DC UV 256K HS EPROM,90NS CERDIP28 27HC256-90/J 
AT27HC256R-90LC UV 256K HS EPROM,90NS LCC32 27HC256-90/K 
AT27HC256R-90JC OTP 256K HS EPROM,90NS PLCC32 27HC256-90/L 
AT27HC256R-90PC OTP 256K HS EPROM,90NS PDIP28 27HC256-90/P 
AT27HC256R-55DI UV 256K HS EPROM,55NS,IND CERDIP28 27HC256-551/J 
AT27HC256R-55LI OTP 256K HS EPROM,55NS,IND PLCC 32 27HC256-551/L 

DS11178B-page 10 © 1994 Microchip Technology Inc. 
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EPROM CROSS REFERENCE GUIDE 

CROSS REFERENCE OF MICROCHIP EPROM PRODUCTS TO THE COMPETITION 

Atmel (Cont.) DESCRIPTION MICROCHIP PIN 

AT27HC256R-70DI UV 256K HS EPROM,70NS,IND CERDIP28 27HC256-70UJ 
AT27HC256R-70LI UV 256K HS EPROM,70NS,IND LCC32 27HC256-701/K 
AT27HC256R-70JI OTP 256K HS EPROM,70NS,IND PLCC32 27HC256-70UL 
AT27HC256R-70PI OTP 256K HS EPROM,70NS,IND PDIP28 27HC256-70UP 
AT27LV256R-20DC OTP 256K EPROM,3V,200NS CERDIP28 27LV256-20/J 
AT27LV256R-20LC OTP 256K EPROM,3V,200NS LCC32 27LV256-20/K 
AT27LV256R-20JC OTP 256K EPROM,3V,200NS PLCC32 27LV256-20/L 
AT27LV256R-20PC OTP 256K EPROM,3V,200NS PDIP28 27LV256-20IP 
AT27LV256R-20RC• OTP 256K EPROM,3V,200NS SOIC28 27LV256-20/SO 
AT27LV256R-20TC OTP 256K EPROM,3V,200NS VSOP28 27LV256-20IVS 
AT27LV256R-25DC OTP 256K EPROM,3V,250NS CERDIP28 27LV256-251J 
AT27LV256R-25LC OTP 256K EPROM,3V,250NS LCC32 27LV256· ?5/K 
AT27LV256R-25JC OTP 256K EPROM,3V,250NS PLCC32 27LV256-251L 
AT27LV256R-25PC OTP 256K EPROM,3V,250NS PDIP28 27LV256-251P 
AT27LV256R-25RC• OTP 256K EPROM,3V,250NS SOIC28 27LV256-25/SO 
AT27LV256R-25TC OTP 256K EPROM,3V,250NS VSOP28 27LV256-25NS 
AT27LV256R-20DI OTP 256K EPROM,3V,200NS,IND CERDIP28 27LV256-20UJ 
AT27LV256R-20LI OTP 256K EPROM,3V,200NS,IND LCC32 27LV256-201/K 
AT27LV256R-25DI OTP 256K EPROM,3V,250NS,IND CERDIP28 27LV256-25UJ 
AT27LV256R-25LI OTP 256K EPROM,3V,250NS,IND LCC32 27L V256-251/K 
AT27LV512R-20DC OTP 512K EPROM,3V,200NS CERDIP28 27LV512-20/J 
AT27LV512R-20LC OTP 512K EPROM,3V,200NS LCC32 27LV512-20/K 
AT27LV512R-20JC OTP 512K EPROM,3V,200NS PLCC32 27LV512-20/L 
AT27LV512R-20PC OTP 512K EPROM,3V,200NS PDIP28 27LV512-20IP 
AT27LV512R-20RC• OTP 512K EPROM,3V,200NS SOIC28 27LV512-20/SO 
AT27LV512R-20TC OTP 512K EPROM,3V,200NS VSOP28 27LV512-20/VS 
AT27LV512R-25DC OTP 512K EPROM,3V,250NS CERDIP28 27LV512-25/J 
AT27LV512R-25LC OTP 512K EPROM,3V,250NS LCC32 27LV512-25/K 
AT27LV512R-25JC OTP 512K EPROM,3V,250NS PLCC32 27LV512-25/L 
AT27LV512R-25PC OTP 512K EPROM,3V,250NS PDIP28 27LV512-25/P 
AT27LV512R-25RC• OTP 512K EPROM,3V,250NS SOIC28 27LV512-25/SO 
AT27LV512R-25TC OTP 512K EPROM,3V,250NS VSOP28 27LV512-25NS 
AT27LV512R-20DI OTP 512K EPROM,3V,200NS,IND CERDIP28 27LV512-20UJ 
AT27LV512R-20LI OTP 512K EPROM,3V,200NS,IND LCC32 27LV512-201/K 
AT27LV512R-25DI OTP 512K EPROM,3V,250NS,IND CERDIP28 27LV512-25UJ 
AT27LV512R-25LI OTP 512K EPROM,3V,250NS,IND LCC32 27LV512-25UK .. 

C 1994 Microchip Technology Inc. DS11178B-page 11 
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EPROM CROSS REFERENCE GUIDE 

COMPETITIVE PART NUMBER BREAKDOWN 

ADVANCED MICRO DEVICES 

AM27CS12-~ ~ ~ 
Blank 

B 

c 
I 

E 

Std. Process 
Bum-in 

Commercial 0°c to +70°C 
Industrial -40°C to +85'C 
EX1ended -55°C to + 125°C 

Part Number Density 
C=CMOS 

HC = High Speed CMOS 
LV = 3.3V Operation (1 MB and higher) 

X = Express ROM {OTP) 

TEXAS INSTRUMENTS 

DS11178B-page 12 

TMSC512 -~ ~ ~ 

Part Number. Density 
C=CMOS 

PL=OTPCMOS 

D 28-lead CERDIP 
L 32-lead Ceramic Leadless LCC 
P 28-lead PDIP 
J 32-lead PLCC 
E 32-lead TSOP 

35 35 ns - Vee ± 10% 
45 45ns-Vee±10% 
55 
70 
75 
90 

55ns-Vee±10% 
70 ns - Vee± 10% 
70 ns-Vee ±5% 
90ns-Vee±10% 

120 
150 
200 
250 
255 

120 ns - Vee± 10% 
150ns-Vee±10% 
200 ns -Vee± 10% 
250ns-Vee±10% 
250 ns-Vee ±5% 

Blank 
4 

L 
E 

Sid. Process 
168 Hr Burn-in 

Commercial 0°C to 70°C 
Extended -40°C to +85°C 

J 28-lead CERDIP 
N 28-lead PDIP 

FM 32-lead PLCC 
DD 32-lead TSOP 
DU 32-lead Reverse Pin-out TSOP 

10 100 ns - Vee± 10% 
12 120 ns-Vee ± 100k 
15 150ns-Vee±100k 
17 170ns-Vee±100k 
20 200 ns - Vee± 100k 
25 250 ns - Vee ± 100k 

100 100ns-Vcc±5% 
120 120ns-Vcc±5% 
150 

1 
2 

Blank 

150 ns -Vee ±5% 
170 ns-Vcc ±5% 
200 ns - Vee ± 5% 
250 ns-Vee ±5% 

© 1994 Microchip Technology Inc. 
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EPROM CROSS REFERENCE GUIDE 

COMPETITIVE PART NUMBER BREAKDOWN (CONT.) 

SGS-THOMSON 

M27C256B ~ .; .;.. ~ 

Part Number Density 
C=CMOS 

INTEL CORPORATION 

p 

Part Number. Density 
C=CMOS 

© 1994 Microchip Technology Inc. 

L 

~ L = LowPower 
X = Additional Burn-in 

TR = Tape & Reel 

1 
1 = O"C to +70"C 
3 = -40"C to +125°C 
6 = -40"C to +65°C 
7 = -40°C to + 105°C 

F = 28-lead CERDIP 
B = 28-lead PDIP 
C = 32-lead PLCC 
M = 28-lead .330" SOIC 
N = 32-lead VSOP 

X = Vcc±5% I Blank = Vcc±10% 

80 = 80ns 
90 = 90ns 
10 = 100ns 
12 = 120ns 
15 = 150 ns 
20 = 200 ns 
25 = 250 ns 
30 = 300 ns 

Q 

T 
L 

Commercial 0°C to +70°C, 168 Hr Bum in 
Extended -40°C to +85°C 

Blank 
Extended -40°C to +85°C, 168 Hr Bum in 
Commercial 0°C to +70°C 

120V10 120 ns, Vee± 10% 
150V10 150 ns, Vee± 10% 
200V10 200 ns, Vee ± 10% 
(NOTE: VOS indicates Vee ± 5%) 

Blank 
N 
p 

7-97 

CERDIP 
PLCC 
PDIP 
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EPROM CROSS REFERENCE GUIDE 

COMPETITIVE PART NUMBER BREAKDOWN (CONT.) 

TOSHIBA CORPORATION 

Part Number. Density 
H =High Speed '--------1 
57= EPROM 

54=0TP PROM 

NATIONAL SEMICONDUCTOR CORPORATION 

NM27C512 !/- ~ ~ 

12 120 ns-Vcc@ ±5% 
15 120 ns-Vcc@ ±5% 

120 120 ns - Vee@± 10% 
150 150 ns - Vee@± 10% 
20 200 ns - Vee @ ± 5% 
70 70 ns - Vee @ ± 5% 
85 85 ns - Vee @ ± 10% 

D 
p 

F 

100 
120 
150 
200 

CERDIP 
PDIP 
.330' SOIC 

OS 

OS 

OS 

OS 

l Blan~ Commercial 0°C to +70°C 
Extended -40°C to +85°C 

08111789-page 14 

Part Number Pensity 
C=CMOS 

I 

l 

7-98 

a 
N 
v 

CERDIP 
PDIP 
PLCC 
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EPROM CROSS REFERENCE GUIDE 

COMPETITIVE PART NUMBER BREAKDOWN (CONT.) 

HITACHI CORPORATION 

HN27C256A ~ ~ t 
~Blan~: Standard 

Tape & Reel 

Part Number Density '----------1..ll 
C=CMOS 

H = High Speed 

ATMEL CORPORATION 

70 = 70ns 
85 = 85 ns 
10 = 100 ns 
12 = 120 ns 
15 = 150 ns 
17 = 170 ns 
20 = 200 ns 
25 = 250 ns 
30 = 300 ns 

6 = 28-lead CERDIP 
p = 28-lead PDIP 

FP = .330' SOIC 

AT27C512R-!;!! ~ ~ ~ 
Commercial 0°c to +70°C 
Industrial -40°C to +85°C 
Military-55°C to +125°C 

Part Number Density 
C=CMOS 

HC = High Speed 
LV = 3.3V Operation 

© 1994 Microchip Technology Inc. 
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D 28-lead CERDIP 
J 32-lead PLCC 
K 32-lead Window LCC J Lead 
P 28-lead PDIP 
R 28-lead .330" SOIC 
L 32-lead Window LCC 
T 28-lead VSOP 

55 
70 
90 
12 
15 
20 
25 

55ns 
70ns 
90ns 
120 ns 
150 ns 
200 ns 
250 ns 

DS11178B-page 15 
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EPROM CROSS REFERENCE GUIDE 

COMPETITIVE PART NUMBER BREAKDOWN (CONT.) 

MICROCHIP TECHNOLOGY INCORPORATED 

Package: J CERDIP 
K Ceramic Leadless Chip Carrier 
L Plastic Leaded Chip Carrier 
p PDIP 

so Plastic SOIC 
TS Thin Small Outline Package (TSOP) 8x20mm 
vs Very Small Outline Package (TSOP) 8x13.4mm 

Temperature 0°cto 10°c 
Range: I -40°C to 85°C 

E -40°C to 12s0 c 

Access Time: 70 70ns 
90 90 ns 
10 100 ns 
i2 120 ns 
15 150 ns 

I Device: 27C512A 512K (64K x 8) CMOS EPROM 
T=Tape and Reel 

DS11178B-page 16 © 1994 Microchip Technology Inc. 
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MICROCHIP Memory Products Division 
EPROM Programming Guide 

All Microchip EPROMs should be programmed using the Express algorithm (shown on reverse side). Other algorithms 
can cause high programming fallout and even retention failures due to undue stress on the chips. This list will be updated 
as information becomes available. Programmer models and revisions shown are subject to change by the manufacturers 
at anytime. 

Manufacturer Model Software Rev Status 

DATA 1/0 S1000 24 or 25 Verified Express 

DATA 1/0 298 24 Verified Express 

DATAl/0 288 1.0 Vendor specifies Express 

DATAl/0 2900 1.1, 1.2, 1.7 Vendor specifies Express 

DATAl/O 3900 1.0, 1.4 Vendor specifies Express 

DATA 1/0 Autosite 1.0, 1.5 Vendor specifies Express 

DATA 1/0 Unisite 3.0, 3.1, 3.2 Vendor specifies Express 

STAG PP42 8.0 Verified close to Express, but user must manually 
select double-voltage verify 

STAG PP39 Same 

ELAN 5000/932 6.02V1 Vendor specifies Express 
Turbo 

ELAN 5000/932 5.05V1 Vendor specifies Express 

EPRO Model 124 User-programmable to Express 

LOGICAL DEVICES AllPro 88,40 2.2 Express AND Low Voltage Support 
No Express support for Windows version (Exar) 

LOGICAL DEVICES GangPro 8+ 1.1 Vendor specifies Express on latest releases 

LOGICAL DEVICES GangPro S Fast, Rapid only 

LOGICAL DEVICES GangPro S, 1.0 Vendor specifies Express on latest releases 

LOGICAL DEVICES Husky Fast, Rapid only 

BYTEK Multitrk-4000 Vendor specifies Express on latest releases 

ADAPTERS 
PLCC-to-DIP 

Emulation Technology 32-28-01-P600 

TSOP-to-DIP 

Emulation Technology AS-32-28-02TS-6ENP-GANG-S 

Emulation Technology Phone 408-982-0660, FAX 408-982-0664 

© 1994 Microchip Technology Inc. DS 11172A-page 1 

7-101 

.. 



Memory Products Division 

EXPRESS ALGORITHM 

Conditions: 
T amb = 25"C ±5°C 
Vee= 6.5 ±0.25V 
VPP = 13.0 ±0.25V 

OS 11172A-page 2 

Device 
Passed 

ADDA = First Location 
Vee=6.5V 
VPP= 13.0V 

Program one 100 µs pulse 
Increment X 

No 

Yes 

Increment Address 

Vee= VPP = 4.5V, 5.5V ---~ 

7-102 

Device 
Failed 
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MICROCHIP AY0438 
32-Segment CMOS LCD Driver 

FEATURES 

• Drives up to 32 LCD segments of arbitrary 
configuration 

• CMOS process for: wide supply voltage range, low
power operation, high-noise immunity, wide 
temperature range 

• CMOS, NMOS and TTL-compatible inputs 
• Electrostatic discharge protection on all pins 
• Cascadable 
• On-<:hip oscillator 
• Requires only three control lines 
• Can be used to drive relays, solenoids, print head 

drives, etc. 

APPLICATIONS 

• Industrial displays 
• Consumer product displays 
• Telecom product displays 
• Automotive dashboard displays 

DESCRIPTION 

The AY0438 is a CMOS LSI circuit that drives a liquid 
crystal display, usually under microprocessor control. 
The part acts as a smart peripheral that drives up to 32 
LCD segments. It needs only three control lines due to 
its serial input construction. It latches the data to be 
displayed and relieves the microprocessor from the task 
of generating the required waveforms. 

The A Y0438 can drive any standard or custom parallel 
drive LCD display, whether it be field effect or dynamic 
scattering; 7-, 9-, 14- or 16-segment characters; deci
mals; leading+ or-; or special symbols. Several A Y0438 
devices can be cascaded. The AC frequency of the LCD 
waveforms can either be supplied by the user or gen
erated by attaching a capacitor to the LCD input, which 
controls the frequency of an internal oscillator. 

BLOCK DIAGRAM 

LCOF 

CLOCK DATA OVT 

DATAtN ~ 

LOAD 32LATCHES 

I..:::====:::> 32 OUTPUTS 

t---------....,BA=E 

© 1992 Microchip Technology Inc. 
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PIN CONFIGURATION 
40-LEAD DUAL INLINE 

Top View 

Voo 1 40 CLOCK 
LOAD 2 39 SEG 1 

SEG32 3 38 SEG2 
SEG31 4 37 SEG3 
SEG30 36 GND 
SEG29 35 DATA OUT 
SEG28 7 34 DATA IN 
SEG27 8 33 SEG4 
SEG26 9 32 SEG5 
SEG25 10 31 LCDf 
SEG24 11 30 BP 
SEG23 12 29 SEG6 
SEG22 13 28 SEG7 
SEG21 14 27 SEGS 
SEG20 15 26 SEG9 
SEG 19 16 25 SEG 10 
SEG 18 17 24 SEG11 
SEG 17 18 23 SEG 12 
SEG 16 19 22 SEG 13 
SEG 15 20 21 SEG14 

44 PLCC 

g 
"' ll! 0 " ;; N "' 0 0 0 

" "' " < o9 fil fil z 
~ w w w 9 w a: 

"' "' "' > 0 "' "' "' " 
N/C 

DATA OUT 

DATA IN 

SEG26 SEG4 

SEG5 

SEG24 LCD 

SEG23 BP 

SEG22 SEG6 

SEG21 SEG7 

SEG20 SEGB 

SEG19 N/C 

:!! ::: :!! ~ ;! ~ ~ ~ "' ~ 
"' fil "' fil "' "' fil Ill "' fil w ill w w w "' "' "' "' "' "' "' "' "' 

The device also acts as a versatile peripheral, able to 
drive displays, motors, relays and solenoids within its 
output limitations. 

The A Y0438 is available in 40-lead dual-in-line ceramic 
and plastic packages. Unpackaged dice are also avail-
able. 

057001 OH-page 1 
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AV0438 

PIN DESCRIPTION 

Pin# Name 

1 Voo 
2 Load 

3-29, 32, 33, 37-39 Seg 1-32 
30 BP 
31 LCOcl> 
34 Data In 

35 Data Out 
36 Vss 
40 Clock 

FIGURE 1 TIMING DIAGRAM 

1/1 

:/\ /\! CLOCK __j- \..___/ \;:___ 
I 

DATAIN --v:--v-
~ 

Ids ' ' tdh --l 
DATAOUT i x...-----

' I -:'pd:-
LOAD _J 

OPERATING NOTES 

1. The shift register loads, shifts, and outputs on the 
falling edge of the clock. 

2. A logic 1 on Data In causes a segment to be visible. 

3. A logic 1 on Load causes a parallel load of the data in 
the shift register into latches that control the segment 
drivers. 

4. If LCD<I> is driven, it is in phase with the backplane 
output. 

5. To cascade units, either connect backplane of one 
circuit to LCOcl> of all other circuits (thus one capacitor 
provides frequency control for all circuits) or connect 
LCD<I> of all circuits to a common driving signal. If the 
former is chosen, tie just one backplane to the LCD 
and use a different backplane output to drive the 
LCD<I> inputs. The data can be loaded to all circuits in 
parallel or else Data Out can be connected to Data In 
to form a long serial shift register. 

6 The supply voltage of the A Y0438 is equal to half the 
peak driving voltage of the LCD. 

7. The LCD<I> pin can be used in two modes, driven or 
oscillating. If LCOcl> is driven, the circuit will sense this 

DS70010H-page 2 

Direction Description 

- Supply voltage 
Input Latch data from registers 

Output Direct drive outputs 
Output Backplane drive output 
Input Backplane drive input 
Input Data input to shift register 
Output Data output from shift register 
Ground Ground 
Input 

8-2 

System clock input 

FIGURE 2 OSCILLATOR FREQUENCY 
GRAPH (TYPICAL @ 25"C) 

140 

~ 
:s:: 
~ 

=s 
~ ...,...._ 

~ -.. 
40 

0 20 40 60 80 100 120 

CL (pF) 

condition and pass the LCD<I> input to the backplane 
output. If the LCOcl> pin is allowed to oscillate, its 
frequency is inversely proportional to capacitance 
and the LCD drivingwaveforms have a frequency 28 

slower than the oscillator itself. The relationship is 
shown graphically (see Figure 2). The frequency is 
nearly independent of supply voltage. If LCD<I> is 
oscillating, it is important to keep coupling capaci
tance to backplane and segments as low as pos
sible. Similarly, it is recommended that the load 
capacitance on LCOcl> be as large as is practical. 

8. There are two obvious signal races to be avoided in 
this circuit, (1) changing Data In when the clock is 
falling, and (2) changing Load when the clock is 
falling. 

9. The number of a segment corresponds to how 
many pulses have occurred since its data was 
present at the input. For example, the data on SEG 
17 was input 17 clock pulses earlier. 

10. It is acceptable to tie the load line high. In this case 
the latches are transparent. Also, remote control 
would only require two signal lines: clock and Data 
In. 

© 1992 Microchip Technology Inc. 



ELECTRICAL CHARACTERISTICS 
Maximum Ratings• 

Voo ......................................................... -0.3V to + 12V 
Inputs (CLK, Data In, Load) ............. Vee to Voo +0.3V 
LCD<!> lnput .................................... -0.3V to Voo +0.3V 
Power Dissipation ............................................ 250mW 
Storage Temperature ......................... -65.C to +125·c 
Operating Temperature Industrial ........ -4o·c to +85'C 

DC CHARACTERISTICS 

Characteristics Sym Min 

Supply Voltage Voo +3.0 

Supply Current loo -
-

Input High Level VIH 0.5Voo 
Input Low Level Clock, VIL! 0 

Data, VIL2 0 
Input Leakage Current Load IL -
Input Capacitance C1 -

Segment Output Voltage VOH 0.8Voo 
VOL 0 

LCD<!> Input High Level VIN 0.9Voo 

LCD<!> Input Low Level VIL 0 

LCD<I> Input Leakage IL -
Current Level 

AC CHARACTERISTICS 

Characteristics Sym Min 

Clock Rate f DC 

Data Set-up Time Ids 150 

Data Hold Time tdh 50 

Load Pulse Width tpw 175 

Data Out Prop. Delay tpd -

© 1992 Microchip Technology Inc. 
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*Exceeding these ratings could cause permanent dam
age to the device. This is a stress rating only and 
functional operation of this device at these conditions is 
not implied. Operating ranges are specified in Standard 
Conditions. Exposure to absolute maximum rating 
conditions for extended periods may affect device relia
bility. 

Data labeled 'typical' is presented for design guidance 
only and is not guaranteed. 

Voo = +5V unless otherwise noted 
TA= -4o·c to +85·c 

Typ Max Units Conditions 

- +8.5 v 

25 60 µA LCD<!> OSC < 15 kHz 
13 30 µA LCD<!> OSC < 1 OOHz 

- Voo v 
- 0.1 Voo v 3.0V ~ Voo ~ 8.5V 

- 0.1 Voo v 3.0V ~ Voo ~ 8.5V 
0.01 ±10 µA VIN = ov and +5.0V 

- 5.0 pF Voo=+5.0V 

- Voo v IOH = -100µA 

- 0.1Voo v IOL= 100µA 

- Voo v 

- 0.1Voo v 

- 10 µA VIN = ov and +5.0V 
Voo=+5.0V 

Typ Max Units Conditions 

- 1.5 MHz 50% duty cycle 

- - nsec Data change to Clk 
falling edge 

- - nsec 

- - nsec 

- 500 nsec CL= 55pF 

DS7001 OH-page 3 
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SALES AND SUPPORT 
To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 

PART NUMBERS 

DS7001 OH-page 4 

Package: 

I Temperature 
Range: 

Device: 

8-4 

p 
L 
s 

Plastic DIP 
PLCC 
Die in waffle pack 

o· to10· c 
40°Cto85°C 

32 Segment LCD Driver 

© 1992 Microchip Technology Inc. 
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MICROCHIP MICROCHIP BBS 
Microchip Bulletin Board Service 

Get current information and help on Microchip's Bulletin 
Board Service (BBS)! Microchip wants to provide you 
with the best responsive service possible. To accom
plish this, the systems team monitors the BBS, posting 
the latest component data and software tool updates, 
providing technical help and embedded systems in
sights, and discussing how Microchip products provide 
project solutions. Extend your technical groups staff 
with microcontroller and memory experts through 
Microchip's BBS communication channel. 

CONNECTING TO MICROCHIP 

Connect worldwide to the Microchip BBS using the 
Compuserve communications network. In most cases, 
a local call is your only expense. The Microchip BBS 
connection does not use Compuserve membership ser
vices, therefore you do not need Compuserve mem
bership to join Microchip's BBS. 

The procedure to connect will vary slightly from country 
to country. Please check with your local Compuserve 
agent for details if you have a problem. Compuserve 
services allows multiple users at buad rates up to 9600. 
To connect: 

1. Set your modem to 8-bit, No parity, and One stop 
(8N1). This is not the normal Compuserve setting 
which is 7E1. 

2. Dial your local Compuserve phone number. 

3. Type <RETURN> and a garbage string will appear 
because Compuserve is expecting a 7E1 setting. 

4. Type +<RETURN> and Host Name: will appear. 

5. Type MCHIPBBS<RETURN> and you will be con-
nect to the Microchip BBS. 

To learn Compuserve's phone number closest to you, 
set your modem to 7E1, and dial (800) 848 8980, and 
follow Compuserve's directions. If you are dialing from 
overseas, you may call 614-457-1550 for voice informa
tion. 

Connect without charge to the bulletin board. However, 
you are responsible for your phone charges. Access is 
available to all, but users are required to register the first 
time they "log in." No registration fees are required atthis 
time. 

© 1994 Microchip Technology Inc. 
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USING THE BULLETIN BOARD 

The Microchip Bulletin Board is a multi-faceted tool. 
Topic information includes: 

• Special Interest Groups 
• Files 
•Mail 
• Bug lists 
• Technical assistance 
• Consultant Directory 

Special Interest Groups 

Special Interest Groups, or SIGs, offer you the opportu
nity to discuss technical issues and topics with other 
users. TakeadvantageoftheMicrochipusercommunity's 
broad background to glean information not available by 
any other method. 

SIGs exists for most Microchip systems, including: 

• PIC16/17-SW • ENDURANCE 
• PICMASTER • MEMORY PRODUCTS 
• PRO MATE™ • BUGS 
• UTILITIES • APP NOTE 

These groups are moderated by Microchip staff. 

Files 

The Microchip Systems BBS is used regularly to distrib
ute bug reports, history files, and interim patches for 
Microchip software products. 

Users can contribute files for distribution on the BBS. 
These files will be monitored, scanned, and approved or 
disapproved by the SIG moderator. No executable files 
are accepted from the user community in general. 

Mail 

The BBS can be used to distribute mail to other users of 
the service. 

This is an excellent way to get questions answered by 
the Microchip staff, as well as to keep in touch with fellow 
Microchip product users worldwide. 

The BBS is an evolving product intended to serve your 
needs. We welcome your ideas and input. Consider · 
mailing a message to your SIG moderator, or to the 
SYSOP, if you have ideas or questions about particular 
Microchip products, or BBS operation. 

05301280-page 1 
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MICROCHIP PICSEE™ TOOLS 
PICSEE Product Development Tools 

INTRODUCTION 

The PICSEE Development Systems provide the product 
development engineer with cost effective and timely 
design tool solutions for the MTA8XXXX family of 8-bit 
CMOS microcontrollers with serial EEPROM. They are 
designed specifically for the MTA8XXXX family. These 
tools work in conjunction with existing hardware and 
software design tools for the PIC16CXX microcontroller 
family. This allows the development engineer to effi
ciently implement systems utilizing these multichip mod
ules with a minimal learning curve and capital invest
ment. 

PICSEEKIT- P/N AC812001 
• Supports MTA81010 
• Programming Adapters for PDIP and SOIC 

packages 
• Daughter card for PICPROBE-16A 
• 12C™ bus Serial Communication Application 

Software 

FIGURE 1 - PICSEE™ INTRODUCTION DESIGN KIT 

12C is a trademark of Philips. 
MS-DOS is a registered trademark of Microsoft Corp. 

This kit is supports the MTA81010 multichip module. It 
contains programming adapters, a PICMASTER™ emu
lator daughter board and MTA8101 o product samples in 
28-lead PDIP. Also included is an M-DOS-, PC-compat
ible 3.5-inch software diskette that contains example 
source code for implementing the 12C serial bus protocol 
to communicate with a Serial EE PROM. Documentation 
is provided for all of the included hardware and software. 

Programming Support 

Two programming adapters are provided to allow the 
MTA81010's internal program EPROM as well as it's 
data EEPROM to be programmed on existing program
mers. Any programmer that supports Microchip's 
PIC16C54 can program the MTA81010's internal 
EPROM. Also, any programmerthatsupports Microchip's 
24LC01 B Serial EEPROM can program the MTA8101 O's 
internal Serial EEPROM. There is one adapter for 
MTA81010's in DIP packages and another for SOIC 
packages. Both DIP and SOIC programming adapters 
interface to programmers via a 300 mil DIP header. 

Description of Contents 

• PICSEE PDIP and SOIC to 
PIC16C54 or 24LC01 B Programming 
Adapter Sockets 

2 • Header Interface for PICMASTER-16A 
and PICPROBE-16A 

3 • Serial EEPROM Example Software 
Disk 

4 • MTA81010 Product Samples 
5 • 8- and 18-Pin Programming Adapter 

Plugs 
6 • Complete Systems Documentation 

© 1994 Microchip Technology Inc. lP 11'® ~ ~ m ~ llll 1a111'1f' DS3901 OB-page 1 
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PICSEE TOOLS 

Emulation Support 

The emulator daughter board allows the developer to 
use Microchip's PICMASTER in-circuit emulator to emu
late the MTA81010 Microcontrollerwith Serial EEPROM. 
This daughter board replaces Microchip's PIC16C5X 
Emulator Probe Header (PIN AC162009) emulator probe 
to support the MTA81010. The daughter board provides 
the required translation from a PIC16C54 pin out to the 
MTA81010 pin out. It also contains a discrete 24LC01 B 
Serial EEPROM to provide the same functions as the 
MTA81010's internal EEPROM. This provides a cost
effective emulation solution to customers who may wish 
to purchase a PICMASTER in-circuit emulator or those 
that already have a PICMASTER. 

Sottware Support 

Example source code for 12C Bus communication with a 
serial EEPROM is included in the PICSEE. This pre
tested code can be used directly or modified by the 
developer to meet their specific needs. This example 
code is provided royaiiy free and iicense free. 

PICSEESTART - P/N DV813001 
• Complete Low-Cost Development Solution for 

MTA81010 
• Combines PICSEEKIT AC812001 and PICSTART 

DV163001 
• MPALC Assembler 
• MPSIM Simulator 
• Low-Cost Programmer 
• Programming Adapter Sockets 
• 12C Bus Applications Software 

This kit combines the PICSEEKIT (P/N ACB 12001) with 
a PICSTART™ (P/N DV163001) to form a complete low
cost development system for the MTA81010 multichip 
module. It is designed to support the MTA8101 O during 
the software development and initial prototype phases 
of new product development. It contains tools for 
software development and debugging, as well as pro
grammer for programming the MTA81010's internal 
EPROM program memory. For a more detailed descrip
tion, piease refer to the PiCSEEKiT PiN ACB 12001 and 
PICSTART P/N DV163001 product descriptions. 

FIGURE 2 - PICSEESTART™ DEVELOPMENT KIT 

SALES AND SUPPORT 

Description of Contents 

1 • PICSEE PDIP and SOIC to 
PIC16C54 or 24LC01 B 
Programming Adapter Sockets 

2 • Header Interface for PICMASTER-16A 
and PICPROBE-16A 

3 • Serial EEPROM Example Software 
Disk 

4 • MTA81010/PIC16CXX Product Samples 
5 • PIC16CXX Device Programmer Board 
6 • PIC16CXX Assembler, Simulator and 

Host Software 
7 • 8- and 18-Pin Programming Adapter 

Plugs 
8 • Complete Systems Documentation 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the listed 
sales offices. 

DS39010B - page 2 

PART NUMBER 
AC812001 
DV813001 

DESCRIPTION 
PICSEEKIT FOR MTA81010 
PICSEESTART FOR MTA81010 

IPir~ ~ i m illntai1F3{ © 1994 Microchip Technology Inc. 
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MICROCHIP TRUEGAUGE™ 
TrueGaugeTM Intelligent Battery Management Development Tool 

INTRODUCTION 

The MTA 11200 TrueGauge Intelligent Battery Manage
ment IC is supported by a user friendly tool for system 
development. The DV114001 operates under Microsoft 
Windows41. This development tool enables for manage
ment of all phases of product development, including 
inception, debugging and maintenance. System design 
verification can be accomplished before a hardware 
prototype needs to be built, thus reducing time and cost. 
The user interiace provides a graphically-oriented de
velopment environment. The data logging feature saves 
measured data into a file that can be imported to Excel". 

FIGURE 1 -TRUEGAUGE DEVELOPMENT 
TOOLKIT 

TrueGauge is a trademark of Microchip Technology Inc. 

SUMMARY OF FEATURES 

The TrueGauge development tool is a tool for system 
development under Windows. The development tool kit 
contains the following: 

• NiCd battery with TrueGauge module 

• NiMH battery with TrueGauge module 

• Stand-alone TrueGauge module 

• Charger/Discharger Interface Board 

• Universal Power Supply with power cord 

• PC Interface Cable with DB9-DB25 converter 

• Design/Verification software on a 3.5' diskette 

• MTA 11200 and 24LC01 B product samples 

• MTA 11200 Datasheet 

• TrueGauge Development Tool User's Guide 

Battery status information is plotted on the computer 
allowing for the real-time monitor of battery management 
parameters (see Figure 2). 

FIGURE 2- CAPACITY/VOLTAGE OVERTIME 

CAPACITY fVOLTAGEm;. TIME 

0 1021:4 16192 1&-16:7 16:14:47 16'12:45 1610' 1£:0842 16:07:0 16:05"9 1603:10 
16:ZO.ll 16:10·22 1615:47 1613.48 16:11:14 16:~:32 16:07:51 16.IJl:!O 16:0407 1G:02:26 

Capacity m Percent (1ed, sohd) and Vo\1age (black, dMhed) 

Microsoft Windows and Excel are registered trademarks of Microsoft Corporation. 

© 1994 Microchip Technology Inc. 0840117 A - page 1 
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TRUEGAUGE™ 

Parameters can be changed easily and downloaded to 
the TrueGauge module (see Figures 3 and 4). 

FIGURE 3- CONFIGURATION CONTROL PANEL 

Batteiy Warning levels (%of FuU Charge) 

Fast Cha:rge Termination 

!Delta Temp Detta Time Ill 

~ IJ;<:llHJl[;g.:[§0§MillUliill:ffiAH!!:i! CI] 
[Critical J l+lffiHfil'.'f/tJ:fil@Ft*@kfrfil\Q'f;jiJ C!:J 
jShutOown j CI:] 

Fast Charge Termination (Maximum Limits)----~ 

0.50 degrees CI min fl'olt(volts)i 

End of Discharge Voltage---------~ 

~ liJRGl!ul!Ul!Ei'l:i 

FIGURE 4-ADVANCED CONFIGURATION DISPLAY 

DS40117A-page 2 

REPINTRVL & REPMODE: Broadcast Interval-

Interval I liJi1i:!filti£@,:JHfl ~ 

[
LED Mode 

0 BCD 10% Levels 
®Discrete 20% Levels 

J [Broadcast Data Select] 
0 Single Byte 
@Sixteen Byte 

Counts-----------------~ 

(ToERRS Charge Time lt~it.lbins %¥·Hll!!il ~ 
ILOTERRS: Low Temp. ~ 

[HITERRS: High Temp. 1Hf'.filf4'Jll•W;:£Ji::X?J]!!fij ~ 
IHIVERRS High Volt. I illlilff'\H'filt:;tl@&lfl'J ~ 
!ccCR: Charge Gycle IM:U%J*tH@•ff@fl£liJ ~ 

tf'CC: Charge cycle [ (#• ~ 

USER: Usef Storage 
I UserValue#t I ""lil"':i""t""E~"'N""Et""<:m"";fil""'.q""fil""E:"'J!j"'··· ~ 

User Value #Z I l,liJHill@f:.filE§;gjj ~ 
User Value #3 I liit?l&;$E-i,H,f<;4::%£1tJ ~ 
User Value #4 [ IM'liSjf)/fMVHff;lfWJjl ~ 
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System design verification can be accomplished before 
hardware implementation (see Figures 6, 7 and 8). 

FIGURE 5 • TRUEGAUGE VOLTAGE AND CAPACITY VS. TIME 

TRUEGAUGE™ 

MTA 11200 Performance aa 
.Load Yiew frjnt .6.ACK 

100 

go 

so 
70 

60 

50 

40 

\ 

.. .. . . 

capacity in Percent (riid, Slllid) ancfVoltage (black, dashed) 

FIGURE 6 ·TEMPERATURE VS. TIME 

!,oad frinl !!_ACK 

.. . . .. . . 

Temperature :in Degree~ Cel1ius ,vi. Tim!! 

© 1994 Microchip Technology Inc. 
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TRUEGAUGE™ 

FIGURE 7 - CURRENT VS. TIME 
--------------~------~----------~--~1 

MTA11:200 Perlorm3nce farJi 

A data logging feature saves measured data into a file 
that can be imported to Microsoft Excel (see Figure 8). 

FIGURE 8 - EXAMPLE OF DATA LOG FILE 

Time Remaining Voltage Temperature (C) Current (mA) Total Flag_ byte Error_byte 
Capacity (%) Capacity (mA-Hr) 

22:39:13 9 8.645 23.88281 647 1200 BB 0 

22:39:15 9 8.645 23.88672 647 1200 BB 0 

22:39:23 9 8.646 23.90234 648 1200 BB 0 

22:39:34 9 8.646 23.92188 647 1200 BB 0 

22:39:44 9 8.647 23.9375 647 1200 BB 0 

22:39:55 9 8.647 23.95313 647 1200 BB 0 

22:40:04 10 8.647 23.96484 647 1200 BB 0 

22:40:14 10 8.648 23.96875 647 1200 BB 0 

22:40:25 10 8.648 23.98047 647 1200 BB 0 

SALES AND SUPPORT 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the listed 
sales offices. 

DS40117A- page 4 

PART NUMBER 
DV114001 

DESCRIPTION 
TRUEGAUGE DEVELOPMENT TOOL 

© 1994 Microchip Technology Inc. 
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MICROCHIP PICMASTER™ System 
PICMASTER Universal In-Circuit Emulator System 

SYSTEM FEATURES 

General: 

• Complete Hi-Performance PC-based Microcontroller 
Development System for the PIC16/17 families. 

• For use on PC-compatible 286, 386, and 486 ma
chines under Microsoft Windows" 3.X environment. 

• Assembler Software, Emulator System, and EPROM 
Programmer unit, sample kit, and demonstration hard
ware and software provide a complete microcontroller 
product development environment. 

Emulator System: 

• Hi-Performance In-Circuit Emulation of Microchip Mi-
crocontrollers. 

• Real-time instruction emulation. 

• Single and Multiple instruction step execution. 

• Program Memory emulation and memory mapping 
capability up to 64K words. Instruction execution can 
be mapped into either emulation memory or user 
prototype memory. 

PICMASTER is a trademark of Microchip Technology Inc. 
Windows is a registered trademark of Microsoft Corp. 

C 1994 Microchip Technology Inc. 
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• Real-time trace memory capture of 40 bits of informa
tion for each instruction cycle in an 8Kx40 trace buffer. 
Trace region can range from Oto 64K in any address 
combinations. 

• Real-time trace data can be captured and displayed 
without halting emulation. 

• Unlimited number of hardware breakpoints can be set 
anywhere in the program memory. 

• External Break with "AND"/"OR" capability with inter
nal breakpoints. 

• Multiprocessor emulation capability. Up to eight 
PICMASTER emulators can be synchronized on a 
single PC, for multi-processor development. 

• Extended 48-bit cycle counter. 

• Trigger Output available on any range of addresses. 

• Full Symbolic Debug Capability. Symbolic display and 
alter of all register files, special purpose registers, 
stack registers, and bank registers. 

• Selectable Internal Emulator Clock or User Target 
(Prototype) System Clock. 

• User selectable internal or external Power Supply 
(provided). 

DS30137F-page 1 
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PICMASTER Development System 

EPROM Programmer System: 

• PRO MATE™ Device Programmer unit for all current 
PIC16/17 products. 

• Operates as a Stand-alone Unit or in Conjunction with 
a PC-compatible host system. 

• Performs READ, PROGRAM, and VERIFY functions 
in Stand-alone mode. 

• PC Host Software provides file display and editing, file 
transfer to and from programmer unit, device serial
ization. and program voltage calibration. 

Macro Assembler: 

• Provides translation of Assembler source code to 
object code for the PIC16/17 family of microcon
trollers. 

• Macro-assembly and conditional assembly capability. 
• Produces Object files, Listing files, Symbol files, and 

special files required for symbolic debug with the 
PICMASTER Emulator System. 

• Binary I Hex output formats: INHXBS, INHXBM, 
INHX16, and PICMASTER. 

Demo Board: 

The PICDEM-1 Demostration Board provides a user with 
a simple hardware tool through which software can be 
exercised and debugged. A step-by-step tutorial en
ablesfirst-time users of PICMASTERtobecomefamiliar 
with all the features of the emulator. A generous 
prototype· area (200 holes) allows the user to build 
additional hardware for their project. 

Common lnt81face Card 
PC Compatible Computer 

(AT/ISA Bus) (for Industry Standard Architecture) 

PRO MATE is a trademark of Microchip Technology Inc. 
AT is a registered trademark of IBM Corp. 

DS30137F-page 2 

SYSTEM DESCRIPTION 

The PICMASTER Universal In-Circuit Emulator System 
is intended to provide the product development engineer 
with a complete microcontroller design tool set for all 
microcontrollers in the PIC16/17 family. The 
PICMASTER system currently supports the PIC16C54, 
PIC16C55, PIC16C56 and PIC16C57 at clock frequen
cies of 4 MHz; the PIC16C64, PIC16C71, PIC16C74, 
PIC16C84 to 10 MHz; and the PIC17C42 at 4 MHz. 

Interchangeable target probes allow the system to be 
easily reconfigured for emulation of different proces
sors. The universal architecture of the PICMASTER 
allows expansion to support all new microcontroller 
architectures with data and program memory paths to 16 
bits. 

The Emulator System is designed to operate on low;:ost 
PC-compatible machines ranging from 286-AT" class 
ISA-bus systems through the new 486 EISA-bus ma
chines. The development software runs in the Microsoft 
Windows 3.X environment, allowing the operator ac
cess to a wide range of supporting software and acces
sories. 

Provided with the PICMASTER System is a high perfor
mance. real-time In-Circuit Emulator, a microcontroller 
programmer unit, a macro assembler program, and a 
simulator program. Sample programs are provided to 
help quickly familiarize the user with the development 
system and the PIC16/17 microcontroller families. 

Coupled with the user's choice of text editor, the system 
is ready for development of products containing any of 
Microchip's microcontroller products. 

A 'Quick Start' Product Sample Pak containing user 
programmable parts is included for additional conve
nience (only devices supported by the probe header). 

Microchip provides additional customer support to de
velopers through an electronic Bulletin Board System 
(BBS). Customers have access to the latest updates in 
software as well as application source code examples. 
Consult your local sales representative for information 
on accessing the BBS system. 

In-line 
Power Supply 

(Optional) 
90-250VAC 

Power Switch 

Power Coonector 

Aux. 

PC-Interface 

PICMASTER Emulator Pod 

9-10 
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PICMASTER Development System 

Host System Requirements: 

The PICMASTER has been designed as a real-time 
emulation system with advanced features generally 
found on more expensive development tools. The AT 
platform and Windows 3.X environment was chosen to 
best make these features available to you the end user. 
To properly take advantages of these features, 
PICMASTER requires installation on a system having 
the following minimum configuration: 

• PC/AT-compatible machine: 286,386SX,386DX,or 
486 with ISA or EISA Bus. 

• EGA, VGA, 8514/A, Hercules graphic card (EGA or 
higher recommended). 

• MS-DOS" I PC-DOS version 3.1 or greater. 
• Microsoft" Windows version 3.0 or greater operating 

in either standard or 386 enhanced mode). 
• 1 Mbyte RAM (2 Mbytes recommended). 
• One 3.5" floppy disk drive. 
• Approximately 10 Mbytes of hard disk (1 Mbyte 

required for PICMASTER, remainder for Windows 
3.X system). 

• One 8-bit PC/AT (ISA) 1/0 expansion slot (half size) 
• Microsoft" mouse or compatible (highly recom-

mended). 

Emulator System Components: 

The PICMASTER Emulator Universal System consists 
primarily of four major components: 

• Host-Interface Card: The PC Host Interface Card 
connects the emulator system to a PC compatible 
system. This high-speed parallel interface requires 
a single half-size standard AT I ISA slot in the host 
system. A 37-conductor cable connects the inter
face card to the external Emulator Control Pod. 

• Emulator Control Pod: The Emulator Control Pod 
contains all emulation and control logic common to 
all microcontrollerdevices. Emulation memory, trace 
memory, event and cycle timers, and trace/breakpoint 
logic are contained here. The Pod controls and 
interfaces to an interchangeable target-specific emu
lator probe via a 14" precision ribbon cable. 

• Target-specific Emulator Probe: A probe specific 
to microcontroller family to be emulated is installed 
on the ribbon cable coming from the control pod. 
This probe configures the universal system for emu
lation of a specific microcontroller. Currently, the 
PIC16C5X family, PIC16CXX family, and the 
PIC17C42 microcontrollers are supported. Future 
microcontroller probes will be available as they are 
released. 

• PC Host Emulation Control Software: Host software 
necessary to control and provide a working user inter
face is the last major component of the system. The 
emulation software runs in the Windows 3.X environ
ment, and provides the user with full display, alter, and 
control of the system under emulation. The Control 
Software is also universal to all microcontroller fami
lies. 

The Windows 3.X System is a multitasking operating 
system which will allows the developer to take full 
advantage of the many powerful features and functions 
of the PICMASTER system. 
PICMASTER emulation can operate in one window, 
while a text editor is running in a second window. 
Dynamic Data Exchange (DDE), a feature of Windows 
3.X, will be available in this and future versions of the 
software. DDE allows data to be dynamically trans
ferred between two or more Windows programs. With 
this feature, data collected with PICMASTER can be 
automatically transferred to a spreadsheet or data
base program for further analysis. 
Under Windows 3.X, up to eight PICMASTER emula
tors can run simultaneously on the same PC making 
development of multi-microcontroller systems possible 
(e.g., a system containing a PIC16CXX processor and 
a PIC17CXX processor). 

PRO MATE Device Programmer: 

The PRO MATE Programmer system included in the 
PICMASTER Development System provides the product 
developer with the ability to program (transfer) the 
developer's software into PIC16/17 microcontrollers. 

The programmer unit comes complete with accessories 
for use with a PC host computer. Supplied are interface 
cables and connectors to a standard PC serial port , a 
power supply unit, and host operating software. 

The PRO MA TE Programmer will work in either stand
alone mode, or in PC host connected mode. Connected 
to a PC host, many more features are available to the 
user. 

Microsoft and MS-DOS are registered trademarks of Microsoft Corp. 
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PICMASTER Development System 

STAND-ALONE MODE 

Stand-alone mode is useful in situations where a PC 
may not be available or even required, such as in the 
field or in a lab production environment. In stand-alone 
mode the following programming functions are avail
able: 

VERIFY 

VERIFY preforms two functions. For a programmed 
part, the device in the programming socket will be 
compared to the program data stored in internal memory. 
If the data and fuse settings are correct, VERIFIED will 
be displayed. VERIFY will also confirm that erased parts 
are blank. A device in the socket will display ERASED if 
all programmable locations are blank. 

PROGRAM 

In stand-alone mode, devices inserted into the program
mer socket will be programmed with data currently 
stored in memory. Pressing the PROGRAM key will 
cause the unit to program and verify both the program 
memory and the device fuses. If all program success
iuiiy, PGM OKAY wiii be displayed. 

READ 

A pre-programmed device placed in the programmer 
socket can be read into the programmer unit by pressing 
the READ key. Program and fuse data will be read and 
stored into internal memory. Various options exist with 
the READ function. 

PC HOST CONNECT MODE 

When the PRO MATE is connected to a host PC system, 
many more options and conveniences are available to 
the user. Host mode allows full interactive control over 
the PRO MATE unit. A full screen, user-friendly software 
program is provided to fully assist the user. 

As in stand-alone mode, parts may be Read, Pro
grammed, Blank checked, and Verified. Also, all fuses 
and ID locations may be specified. In addition, other 
features available in host-mode are: 

SALES AND SUPPORT 

Editing 

A large screen buffer editing facility allows the user to 
change and program location in hexadecimal. Com
plete program and fuse data can be loaded and saved to 
DOS disk files. Files generated by the Assembler pro
gram are directly loadable into programmer memory. 

Voo and VPP Adjust 

The programming environment voltage settings of Voo 
max, Voo min, and VPP can be set and altered only on PC 
host mode. The voltage settings allow the user to pro
gram the part in the environment that the part will be 
used. The part will be programmed at Voo max and 
verified at Voo min. VPP is the programming voltage. 

PICMASTER PROBE Specifications 

Table 1 shows the current probe specifications for the 
PICMASTER In-Circuit Emulator. The devices are 
supported regardless of program memory type (ROM, 
EPROM or EEPROM), process technology or voltage 
range. That is, selecting the PROBE that supports the 
PIC16C54 (-16A) also supports the PiC16CR54, 
PIC16C54A and the PIC16LC54A devices. The probe 
would also support other variations as they become 
available (such as PIC16CR54A). 

TABLE 1: PICMASTER PROBE 
SPECIFICATIONS 

PROBE 
PICMASTER Devices Maximum Operating 

PROBE Supported Frequency Voltage 

PROBE-16A PIC16C54, 4MHZ 4.5V-5.5V 
PIC16C55, 
PIC16C56, 
and PIC16C57 

PROBE - 160 PIC16C71 10MHZ 4.5V-5.5V 
PROBE-16C PIC16C84 10MHZ 4.5V-5.5V 
PROBE -160 PIC16C54, 20MHz 4.5V-5.5V 

PIC16C55, 
PIC16C56, 
PIC16C57, 
and PIC16C58 

PROBE-16E PIC16C64 10MHZ 4.5V- 5.5V 
PROBE-16F PIC16C74 10MHZ 4.5V-5.5V 
PROBE-17A PIC17C42 16MHZ 4.5V-5.5V 

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 

PART NUMBER DESCRIPTION 
EM167007 Complete PICMASTER· 16A System for PIC16C5X 
EM167010 Complete PICMASTER-16A System for PIC16C5X without Programmer 
EM167011 Complete PICMASTER-16B System for PIC16C71 
EM167012 Complete PICMASTER-16B System for PIC16C71 without Programmer 
EM167013 Complete PICMASTER-16C System for PIC16C84 
EM167014 Complete PICMASTER-16C System for PIC16C84 without Programmer 
EM167017 Complete PICMASTER·16E System for PIC16C64 
EM167018 Complete PICMASTER-16E System for PIC16C64 without Programmer 
EM167019 Complete PICMASTER·16F System for PIC16C74/C73 
EM167020 Complete PICMASTER·16F System for PIC16C74/C73 without Programmer 
EM177001 Complete PICMASTER· 17 System for PIC17C42 
EM177004 Complete PICMASTER· 17 System for PIC17C42 without Programmer 

DS30137F-page 4 © 1994 Microchip Technology Inc. 
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MICROCHIP PRO MATE™ 
CMOS Microcontroller Programmer Unit 

SYSTEM FEATURES 

EPROM Programmer System: 

• PRO MATE Programmer unit for the PIC16C:XX, 
PIC17CXX Microcontroller family. 

• Operates as a Stand-alone Unit or in Conjunction 
with a PC Compatible host system. 

• READS, PROGRAMS, and VERIFIES in Stand
alone mode. 

• PC Host Software provides file display and editing, 
and transfer to and from Programmer unit 

• Communication Via RS-232 

PRO MATE is a trademark of Microchip Technology Inc. 

© 1994 Microchip Technology Inc. 

SYSTEM DESCRIPTION 

PRO MATE Programmer: 

The PRO MATE Programmer system provides the 
product developer with the ability to program user 
software into PIC16CXX, PIC17CXX CMOS microcon
trollers. 

The programmer unit comes complete with accessories 
to be used with the PC host computer. Supplied are 
interface cables and connectors to a standard PC serial 
port, a universal input power supply unit, and host 
operating software. 

The PRO MA TE Programmer will work in either stand
alone mode, or in PC host connected mode. Connected 
to a PC host, many more features are available to the 
user. 

DS30369A-page 1 
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CMOS Microcontroller Programmer Unit 

STAND-ALONE MODE 

Stand-alone mode is useful in situations where a PC 
may not be available or even required, such as in the 
field or in a lab production environment. In stand-alone 
mode the following programming functions are avail
able: 

VERIFY 

VERIFY perfonns two functions. For a programmed 
part, the device in the programming socket will be 
compared to the program data stored in internal memory. 
If the data and fuse settings are correct, VERIFIED will 
be displayed. VERIFY will also confirm that erased parts 
are blank. A device in the socket will display ERASED if 
all programmable locations are blank. 

PROGRAM 

In stand-alone mode, devices inserted into the program
mer socket will be programmed with data currently 
stored in memory. Pressing the PROGRAM key will 
cause the unit to program and verify both the program 
memory and the device fuses. If all program success
fully, PGM OKAY will be displayed. 

READ 

A pre-programmed device placed in the programmer 
socket can be read into the programmer unit by pressing 
the READ key. Program and fuse data will be read and 
stored into internal memory. Various options exist with 
the READ function. 

SALES AND SUPPORT 

PC HOST CONNECT MODE 

The PRO MATE provides a very user friendly user 
interface which allows complete control over the pro
gramming session. 

The PRO MATE host software is a DOS windowed 
environment with full mouse support to allow the user to 
point and click when entering commands. 

The Host Software communicates with the PRO MATE 
via the serial port of the PC. Any of the four (COM 1-4) 
ports may be used. The communication is done at 
19200 baud to insure fast throughput. Communication 
will be established with the PRO MATE Device Program
mer prior to any transfers taking place. 

Serialization is done by generating a serialization file, 
and then using that file to serialize locations in the PIC 
microcontroller. Once a serialization file is generated, it 
may be used over different programming sessions. 
Serial numbers are automatically marked as used when 
a PIC is programmed successfully with that serial num
ber. 

Complete control over the programming environment is 
also provided. Control over the programming and verify 
voltage of Vdd insures that the Microcontroller will per
form in the desired environment. Programming (Vpp) 
voltage is also adjustable to insure complete compatibil
ity with future programming algorithms. 

To order or to obtain infonnation, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
listed sales offices. 

SOCKET PART NUMBER 
AC164001 
AC164002 
AC164003 
AC164010 
AC164011 
AC164012 
AC164013 
AC164014 
AC174001 
AC174002 
AC174003 

DESCRIPTION 
PIC16C54 thru C5718 & 28 Lead PDIP Socket Module 
PIC16C54 thru C5718 & 28 Lead SOIC Socket Module 
PIC16C54/56 20 lead SSOP Socket Adaptert 
PIC16C71/84 18 Lead PDIP/SOIC Socket Module 
PIC16C55/57 28 Lead SSOP Socket Adaptert 
PIC16C64/C74 40 Lead PDIP Socket Module 
PIC16C64/C74 44 Lead PLCC Socket Module 
PIC16C64/C74 44 Lead PQFP Socket Adaptert 
PIC17C42 40 Lead PDIP Socket Module 
PIC17C42 44 Lead PLCC Socket Module 
PIC17C42 44 Lead QFP Socket Module 

PROGRAMMER PART NUMBER DESCRIPTION 
PG007001 Programmer Kit as described above 
PG007002 Programmer Kit without power supply 

Socket modules are sold separately. 

t This item is a socket adapter. When using this adapter, a PDIP socket module is also required. 

DS30369A-page 2 © 1994 Microchip Technology Inc. 
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MICROCHIP PICSTART™-1681 
PIC16CXX Low-Cost Microcontroller Development System 

SYSTEM FEATURES 

EPROM Programmer System: 

• EPROM Programmer unit for the PIC 16C5X and 
selected PIC16CXX Microcontroller family mem
bers. Supports PIC16C54, PIC16C55, PIC16C56, 
PIC16C57, PIC16C71, PIC16C84. 

• Operates with a PC-compatible host system. 
• READS, PROGRAMS, and VERIFIES EPROM 

Memory. 
• PC Host Software provides file display and editing, 

and transfer to and from Programmer unit. 
• Universal power supply 
• RS232 interface cable 
• Universal power plug adapters 

Macro Assembler: 

• Provides translation of Assembler source code to 
object code for all PIC16CXX microcontroller 
product family. 

PICSTART is a trademark of Microchip Technology Inc. 
MS-DOS is a registered trademark of Microsoft Corp. 

© 1994 Microchip Technology Inc. 
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• Macro-Assembly capability. 
• Provides Object files, Listing files, Symbol files, and 

special files required for symbolic debug with the 
PICl 6CXX Emulator System. 

• Output formats: INHXSS, INHXSM and INHX16. 

Simulator: 

• Instruction-level Simulator of the PIC16CXX 
microcontroller product family. 

• For PC-compatible systems running the MS-DOS4' 
operating system. 

• Full screen simulation user interface. 
• Symbolic debugging capability. 
• 1/0 stimulus input capability. 

"Quick Start" Sample Kit: 

• Provides the User I Developer with a sample kit of 
PIC16CXX parts for initial prototype use. 

DS30360A-page 1 



PIC16CXX PICSTART System 

SYSTEM DESCRIPTION 

The PICSTART-16B1 Development System provides 
the product development engineer with an alternative 
low-cost introductory microcontroller design tool set for 
the PIC16CXX family where full real-time emulation is 
not required. The equipment in the PICSTART-16B1 
system operates on any PC compatible machine run
ning the MS-DOS/PC-DOS operating system. 

Provided in the System is an MS-DOS-based Software 
Simulator program (MPSIM), a microcontroller EPROM 
programmer, and a macro assembler program (MPALC). 

Sample software programs to be run on the simulator 
are provided to help the user to quickly become familiar 
with the development system and the PIC16CXX micro
controller line. 

The user need only provide his or her own preferred text 
editor and the system is ready for development of end 
products using the PIC16C54, PIC16C55, PIC16C56, 
P!C16C57, P!C16C71 or PIC16C84 microcontrollers. 

A 'Quick Start' PIC16CXX Product Sample Pak contain
ing user programmable parts is also included. 

Microchip provides additional customer support to de
velopers through an electronic Bulletin Board System 
(BBS). Customers have access to the latest updates in 
software as well as application source code examples. 
Consult your local sales representative for infonnation 
on accessing the BBS. 

PICSTART-1681 Development Programmer: 

The Microchip device programmer system included in 
the PICSTART-16B1 Development System provides 
the product developer with the ability to program user 
software into PIC16CXX EPROM microcontrollers. It is 
designed to be a development programmer and not 
recommended for use in a production environment. 

The programmer unit connects to a standard PC serial 
port. 

A full screen, user-friendly software program is provided 
for full interactive control over the programmer. Parts 
may be Read, Programmed, Blank checked and Veri
fied. Also, all fuses and ID locations may be specified. 

A large screen buffer editing facility allows the user to 
change and program location in hexadecimal. Com
plete program data can be loaded and saved to DOS 
disk files. Files generated by the MPALC Assembler 
program are directly loadable into programmer memory. 

SALES AND SUPPORT 

MPSIM Simulator: 

The MPSIM Simulator program provides the developer 
with an instruction and limited 1/0 simulator software 
program for debugging PIC16CXX assembler code. 

The simulator is meant for use with smaller projects not 
requiring precise more extensive development equip
ment. Since the PIC16CXX architecture is essentially a 
single tasking microcontroller without interrupts, many 
applications can be developed by using a simulator 
program alone. 

The MPSIM Simulator has the following features to 
assist in the debugging of software/firmware for the 
user. 

Program Load/Save 

Commands exist to load assembled object file programs 
into simulation memory. Conversely, programs may be 
saved from program simulation memory back to the PC 
disk. 

D!sp!ay & A!ter 

Provisions are made to display and alter Program 
Memory, Register Files, and status register bits. Also 
simulator infonnation such as cycle times, elapsed time, 
and step count can be displayed. 

Utility Functions 

Various utility functions exist which assist the user in 
operating the simulator. Memory and registers can be 
cleared by command. Memory can be searched to find 
occurances of instructions, register use, and ASCII data. 

Disassembler 

Program memory can be disassembled showing both 
hexadecimal data and instruction mnemonics for speci
fied address ranges. 

Symbolic Debugging 

The simulator provides for symbolic referencing to aid 
and simplify debugging. The symbol table may be 
displayed. New symbols defined and unwanted symbols 
deleted. 

Execution and Trace 

During program execution, address ranges, registers, 
register contents, and others can be traced. 

Breakpoints 

The user may specify up to 512 breakpoints at any one 
time. 

To order or to obtain information, e.g., on the pricing or delivery, please use the listed part number, and refer to the 
listed sales offices. 

PART NUMBER DESCRIPTION 

DV163003 PICSTART ·16B1 DEVELOPMENT SYSTEM 

MS-DOS is a registered trademark of Microsoft Corp. 

DS30360A-page 2 © 1994 Microchip Technology Inc. 
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MICROCHIP PICSTART™-16C 
PIC16CXX Low-Cost Microcontroller Development System 

SYSTEM FEATURES 

EPROM Programmer System: 

• EPROM Programmer unit for the PIC16CXX 
Microcontroller family. Supports the PIC16C64 and 
the PIC16C74. 

• Operates with a PC-compatible host system. 
• READS, PROGRAMS, and VERIFIES EPROM 

Memory. 
• PC Host Software provides file display and editing, 

and transfer to and from Programmer unit. 
• Universal power supply 
• RS232 interface cable 
• Universal power plug adapters 

Macro Assembler: 

• Provides translation of Assembler source code to 
object code for all PIC16CXX microcontroller 
product family. 

PICSTART is a trademark of Microchip Technology Inc. 
MS-DOS is a registered trademark of Microsoft Corp. 

© 1994 Microchip Technology Inc. 
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• Macro-Assembly capability. 
• Provides Object files, Listing files, Symbol files, and 

special files required for symbolic debug with the 
PIC16CXX Emulator System. 

• Output formats: INHX8S, INHX8M and INHX16. 

Simulator: 

• Instruction-level Simulator of the PIC16CXX 
microcontroller product family. 

• For PC-compatible systems running the MS-DOS" 
operating system. 

• Full screen simulation user interface. 
• Symbolic debugging capability. 
• 1/0 stimulus input capability. 

"Quick Start" Sample Kit: 

• Provides the User I Developer with a sample kit of 
the supported PIC16CXX parts for initial prototype 
use. 

DS30359A-page 1 
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PIC16CXX PICSTART System 

SYSTEM DESCRIPTION 

The PICSTART-1 SC Development System provides the 
product development engineer with an alternative low
cost introductory microcontroller design tool set for the 
PIC16CXX family where full real-lime emulation is not 
required. The equipment in the PICSTART-1 SC system 
operates on any PC compatible machine running the 
MS-DOS/PC-DOS operating system. 

Provided in the System is an MS-DOS-based Software 
Simulator program (MPSIM), a microcontroller EPROM 
programmer, and a macro assembler program (MPASM). 

Sample software programs to be run on the simulator 
are provided to help the user to quickly become familiar 
with the development system and the PIC16CXX micro
controller line. 

The user need only provide his or her own preferred text 
editor and the system is ready for development of end 
products using the PIC16C64 or the PIC16C74. 

A "Quick Start' PIC16CXX Product Sample Pak contain
ing user programmable parts is also included. 

Microchip provides additional customer support to de
velopers through an electronic Bulletin Board System 
(BBS). Customers have access to the latest updates in 
software as well as application source code examples. 
Consult your local sales representative for information 
on accessing the BBS. 

PICSTART-16C Development Programmer: 

The Microchip device programmer system included in 
the PICSTART-16C Development System provides the 
product developer with the ability to program user soft
ware into PIC16CXX EPROM microcontrollers. It is 
designed to be a development programmer and not 
recommended for use in a production environment. 

The programmer unit connects to a standard PC serial 
port. 

A full screen, user-friendly software program is provided 
for full interactive control over the programmer. Parts 
may be Read, Programmed, Blank checked, and Veri
fied. Also, all fuses and ID locations may be specified. 

A large screen buffer editing facility allows the user to 
change and program location in hexadecimal. Com
plete program data can be loaded and saved to DOS 
disk files. Files generated by the MPASM Assembler 
program are directly loadable into programmer memory. 

SALES AND SUPPORT 

MPSIM Simulator: 

The MPSIM Simulator program provides the developer 
with an instruction and limited 1/0 simulator software 
program for debugging PIC16CXX assembler code. 

The simulator is meant for use with smaller projects not 
requiring precise more extensive development equip
ment. Since the PIC16CXX architecture is essentially a 
single tasking microcontroller without interrupts, many 
applications can be developed by using a simulator 
program alone. 

The MPSIM Simulator has the following features to 
assist in the debugging of software/firmware for the 
user. 

Program Load/Save 

Commands exist to load assembled objectfile programs 
into simulation memory. Conversely, programs may be 
saved from program simulation memory back to the PC 
disk. 

Display & Alter 

Provisions are made to display and alter Program 
Memory, Register Files, and status register bits. Also 
simulator information such as cycle times, elapsed lime, 
and step count can be displayed. 

Utility Functions 

Various utility functions exist which assist the user in 
operating the simulator. Memory and registers can be 
cleared by command. Memory can be searched to find 
occurances of instructions, register use, and ASCII data. 

Disassembler 

Program memory can be disassembled showing both 
hexadecimal data and instruction mnemonics for speci
fied address ranges. 

Symbolic Debugging 

The simulator provides for symbolic referencing to aid 
and simplify debugging. The symbol table may be 
displayed. New symbols defined and unwanted symbols 
deleted. 

Execution and Trace 

During program execution, address ranges, registers, 
register contents, and others can be traced. 

Breakpoints 

The user may specify up to 512 breakpoints at any one 
time. 

To order or to obtain information, e.g., on the pricing or delivery, please use the listed part numbers, and referto the 
listed sales offices. 

PART NUMBER DESCRIPTION 

DV163002 PICSTART-16C DEVELOPMENT SYSTEM 

MS-DOS is a registered trademark of Microsoft C~rp. 
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MICROCHIP PICDEM-1 
Low-Cost PIC16/17 Demonstration Board 

PRODUCT INFORMATION 

The PICDEM-1 is a simple board which demonstrates 
the capabilities of several Microchip's microcontrollers. 
The microcontrollers supported are: PIC16C5X 
(PIC16C54 to PIC16C58), PIC16C71, PIC16C84 and 
PIC17C42. All necessary hardware is included to run 
basic demo programs, which are supplied on a 3.5" disk. 
The users can program the samples (one each of 
PIC17C42, PIC16C71 and PIC16C55) provided with the 
PICDEM-1, on a PRO MATE™ or PICSTART'M pro
grammer and easily debug/test the sample code, or the 
user can connect the PICDEM-1 with the PICMASTER 
emulator and download the sample code to the emulator 
and debug/test the code. Additionally, a generous 200-
hole prototype area is available for the user to build 
some additional hardware and connect it to the 
microcontroller socket(s). 

C 1994 Microchip Technology Inc. 
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FEATURES: 

Hardware: 

• 40-pin, 28-pin and 18-pin Precision sockets for all 
supported microcontrollers. 

• On board +5V regulator and filter rectifier for direct 
input from 9V AC/DC wall adapter. 

• RS232 socket and associated hardware for direct 
connection to RS232 interface. 

• SK pot to simulate analog input for PIC16C71. 

• Three push button Key for external stimulus and 
RESET. 

• Eight bright LEDs connect to PortB, help in displaying 
8-bit binary values on PortB. 

• Socket for •canned" crystal Oscillator. 

• Unpopulated holes provided for Xtal connection 

• Jumper to disconnect on board RC Oscillator. 

• 200-hole prototype area for user's hardware . 

OS30368A-page 1 
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PICDEM-1 

Software: 

• Program for PIC16C71 to demonstrate on-chip AID 
features. 

• Program for PIC16C84 to demonstrate on-chip 
EE PROM. 

• Program for PIC17C42 to demonstrate on-chip 
USART. 

• Program for PIC16C5X to demonstrate key input 
capability. 

• All demo programs supplied on 3.5' disk, 

• Additional programs available on Microchip's BBS. 

SALES AND SUPPORT 

DOCUMENTATION 

• A comprehensive User's Guide with easy to follow 
step-by-step Getting Started and a Tutorial. 

• Schematics for the entire circuit. 

SAMPLES 

Three UV erasable devices supplied: 

• PIC17C42 

• PIC16C71 

• PIC16C55 

To order or to obtain information, e.g., on the pricing or delivery, please use the listed part numbers, and refer to the 
listed sales offices. 

PART NUMBER DESCRIPTION 

DM163001 

DS30368A- page 2 
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LOW-COST DEMONSTRATION BOARD FOR 
PIC16C5X, PIC16C71, PIC16C84 AND PIC17C42 

© 1994 Microchip Technology Inc. 



MICROCHIP MPASM Universal Assembler 
Universal PIC16/17 Microcontroller Assembler Software 

This product brief describes the technical aspects of the 
PIC16/17 Assembler developed by Byte Craft Limited 
and distributed by Microchip Technology. The MPASM 
Cross Assembler is a PC hosted symbolic assembler. It 
supports all microcontroller series, including the 
PIC16C5X, PIC16CXX and PIC17CXX families. 

MPASM offers fully featured Macro capabilities, condi
tional assembly, and several source and listing formats. 
It generates various object code formats to support 
Microchip's development tools as well as third party 
programmers. 

MPASM allows full symbolic debugging from the Micro
chip Universal Emulator System (PICMASTER). 

MPASM REQUIREMENTS 

MPASM will run on any IBM PC/XT", AT" or compatible 
computer running DOS 4.1 or later. The distribution 
media is 3 1/2", low density (720K) floppies. It is 
distributed at the root level, and may be executed 
directly from the floppy. 

No special display or ancillary devices are required. 

MPASM ASSEMBLER FEATURES 

MPASM supports the 12-bit PIC16C5X, the 14-bit 
PIC16CXX, and the 16-bit PIC17CXX cores. 

All instructions are single-word and single-cycle, except 
for branches, which execute in two cycles. Most instruc
tions operate on one or more operands. 

MPASM have the following features to assist in develop
ing software for specific user applications: 

• Provides translation of Assembler source code to 
object code for all Microchip microcontrollers. 

• Macro Assembly Capability 

• Provides Object, Listing, Symbol and special files 
required for debugging with one of the Microchip 
Emulator systems. 

• Supports Hex (default), Decimal and Octal source 
and listing formats. 

• Output formats: INHXSS, INHXSM, INHX32 and 
relocatable objects. 

IBM PC/XT and AT are registered trademarks of IBM Corp. 

© 1993 Microchip Technology Inc. 
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MPASM DIRECTIVE LANGUAGE 

MPASM provides a full featured directive language 
represented by four basic classes of directives: 

• Data Directives are those that control the allocation 
of memory and provide a way to refer to data items 
symbolically, by meaningful names. 

• Listing Directives control the MPASM listing dis
play. They allow the specification of titles and sub
titles, page ejects and other listing control. 

• Control Directives permit sections of conditionally 
assembled code. 

• Macro Directives control the execution and data 
allocation within macro body definitions. 

MPASM INSTRUCTION SET 

MPASM supports the entire instruction set of the 
PIC16C5X, PIC16CXX and PIC17CXX microcontrollers, 
as represented in the following four classes of instruc
tions: 

• Data Move Operations 

• Arithmetic and Logical Operations 

• Bit Manipulation Operations 

• Special Control Operations 

The Microchip microcontroller set is used to operate on 
data located in any of the file registers, including the 110 
registers. There are: 

• Data Transfer Operations 

• Logical Operations 

• Rotate Operations 

MPASM provides bit level file register operations to 
manipulate and test individual bits in any addressable 
register, literal and control operations permitting opera
tions on literals and branches to subroutines in program 
memory. 

The Microchip microcontroller instruction sets allow 
read and write of special function registers such as the 
PC and status registers. 

DS30179B-page 1 
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MPASM Universal Assembler 

MPLINK 

MPLINK supports the linking of multiple relocatable 
objects created by MPASM into a single absolute hex 
file, suitable for simulating, emulating, and program
ming. MPLINK supports the hex outputs supported by 
MPASM and absolute listing file. 

05301799-page 2 
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MPLIB 

MPLIB provides the ability to group several relocatable 
objects into a logical collection, in one file. Libraries 
created by MPLIB can be referenced by MPASM. Only 
those objects required by the linking phase are included 
in the resulting hex output. 

© 1993 Microchip Technology Inc. 
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M1cRocH1P MPALC Cross Assembler 

PIC16CXX Microcontroller Cross Assembler Software 

This product brief describes the technical aspects of the 
Microchip Assembler (MPALC) developed by Microchip 
Technology Incorporated. 

The MPALC Cross Assembler is a PC hosted symbolic 
assembler. It supports the PIC16C5X and PIC16CXX 
microcontroller series. 

MPALC offers fully featured Macro capabilities, condi
tional assembly, and several source and listing formats. 
It generates various object code formats to support 
Microchip's development tools as well as third party 
programmers. 

MPALC REQUIREMENTS 

MPALC will run on any IBM PC/XT", AT" or compatible 
computer, running DOS 3.31 or later. The distribution 
media is 31/2", low density (720k) floppies. It is distrib
uted at the root level, and may be executed directly from 
the floppy. 

No special display or ancillary devices are required. 

MPALC ASSEMBLER FEATURES 

MPALC supports the 12-bit PIC16C5X and the 14-bit 
PIC16CXX cores. The 12-bit core has 33 instructions, 
the 14-bit core has 35. 

All instructions in both instruction sets are single-word 
and single-cycle, except for branches, which execute in 
two cycles. Most instructions operate on one or more 
operands. 

MPALC has the following features to assist in 
developingsoftware for specific user applications: 

• Provides translation of Assembler source code to 
object code for PIC16C5X and PIC16CXX Microchip 
micro-controllers. 

• Macro Assembly capability 

• Provides Object, Listing, Symbol and special files 
required for debugging with one of the Microchip 
Emulator systems. 

• Output formats: INHXBS, INHXBM and INHX16. 

• Supports Hex (default), Decimal and Octal source 
and listing formats. 

IBM PCIXT and AT are registered trademarks of IBM Corp. 
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MPALC DIRECTIVE LANGUAGE 

MPALC provides a full-featured directive language rep
resented by the following four classes of directives: 

• Data Directives are those that control the allocation 
of memory and provide a way to refer to data items 
symbolically, by meaningful names. 

• Listing Directives control the MPALC listing format. 
They allow the specification of titles, subtitles, page 
ejects and other listing controls. 

• Control Directives permit sections of conditionally 
assembled code. 

• Macro Directives control the execution and data 
allocation within macro body definitions. 

MPALC INSTRUCTION SET 

MPALC supports the entire instruction set of the 
PIC16C5X and PIC16CXX micro-controllers, as repre
sented in the following four classes of instructions: 

• Data Move Operations 

• Arithmetic and Logical Operations 

• Bit Manipulation Operations 

• Control Operations 

The Microchip microcontroller instruction set is used to 
operate on data located in any of the file registers, 
including the 1/0 registers. There are: 

• Two data transfer operations 

• Six arithmetic operations (the PIC 16CXX series pro-
vides two more). 

• Six logical operations 

• Three rotate operation 

MPALC provides bit level file register operations to 
manipulate and test individual bits in any addressable 
register, literal and control operations permitting opera
tions on literals and branches to subroutines in program 
memory. 

The PIC16C5X and PIC16CXX instruction sets allow 
read and write of special function registers such as the 
PC and status registers. 
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MPALC Cross Assembler 

NOTES: 
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MICROCHIP MPSIM Simulator 
PIC16CSX and PIC16CXX Microcontroller Simulator 

MPSIM is a discrete event simulator software applica
tion designed to imitate operation of the PIC16C5X and 
PIC16CXX microcontrollers. It allows the user to debug 
software that will use any of these microcontrollers. 

At any instruction boundary, you may examine and/or 
modify any data area within the processor, or provide 
external stimulus to any of the pins. MPSIM gives you 
a solid, low cost, source-level debug tool to help you 
through the early design verification stages of you project. 

MPSIM REQUIREMENTS 

MPSIM requires an IBM PCIX~. A~ or compatible 
computer running DOS version 3.31 or later. The PC 
needs a 31 /'Z' floppy disk drive and at least 256K of main 
memory; MPSIM.EXE occupies roughly 150K. Recom
mended is a hard disk drive with 5 Mb of available 
storage. 

MPSIM SIMULATOR 

The MPSIM Simulator program provides the developer 
with an instruction and limited 1/0 simulator software 
program for debugging Microchip microcontroller as
sembler code. 

The simulator is meant for use with smaller projects not 
requiring precise, more extensive development equip
ment. Since the PIC16C5X architecture is essentially a 
single tasking microcontroller without interrupts, many 
applications can be developed by using a simulator 
program alone. 

The PIC16CXX family supports various peripherals and 
interrupt strategies. These interrupts can be simulated 
but certain peripheral functions (such as AID conver
sions) are not. 

IBM PC/XT and AT are registered trademarks of IBM Corp. 
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The MPSIM Simulator has the following features to 
assist in the debugging of software I firmware for the 
user: 

Program Load I Save 

Commands exist to load assembled object file programs 
into simulation memory. Conversely, programs may be 
saved from program simulation memory back to the PC 
disk. 

Display and Alter 

Provisions are made to display and alter Program 
Memory, Register Files and status register bits. Also, 
simulator information such as cycle times, elapsed time, 
and step count can be displayed. 

Disassembler 

Program memory can be disassembled showing both 
hexadecimal data and instruction mnemonics for speci
fied address ranges. 

Utility Functions 

Various utility functions exist which assist the user in 
operating the simulator. Memory and registers can be 
cleared by command. Memory can be searched to find 
occurrences of instructions, register use and ASCII 
data. 

Symbolic Debugging 

The simulator provides for symbolic referencing to aid 
and simplify debugging. The symbol table may be 
displayed. New symbols defined and unwanted sym
bols deleted. 

Execution and Trace 

During program execution, a number of items can be 
traced. Address ranges, registers and register contents 
and others. 

Breakpoints 

The user may specify up to 512 breakpoints at any one 
time. 

Assembler Support 

MPSIM supports both the Microchip MPALC and the 
MPASM Universal Assembler. 

DS30180B - page 1 

• 



MPSIM Simulator 

NOTES: 
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MICROCHIP MP-C 
MP-C Code Development System 

MP-C CODE DEVELOPMENT SYSTEM 
FOR PIC16/17 

This product brief describes the technical aspects of the 
MP-C Code Development System for PIC16/17 micro
controllers developed by Byte Craft Limited. 

The MP-C Code Development System is a complete 'C' 
compiler and integrated development environment for 
Microchip's PIC16/17 family of microcontrollers. The 
compiler provides powerful integration capabilities and 
ease of use not found with other compilers. 

For easier source level debugging, the compiler pro
vides symbol information that is compatible with the 
PICMASTER Universal Emulator memory display (emu
lator software versions 1.13 and later). 

MP-C is fast and efficient. You can quickly produce 
stand-alone single-chip microcontroller applications. 
These, taken with its other advantages make the Byte 
Craft MP-C Code Development System the first choice 
in intelligent compiler technology. 

MP-C Requirements 

The compiler will run on any IBM PC", PC/XT", 
PC/AT" or compatible computer, running DOS 4.1 or 
later. The distribution media is 3!", low density (720k) 
floppies. It may be executed directly from the floppy, or 
copied to your hard drive to execute more conveniently. 

MP-C Code Development System Features 

MP-C supports the 12-bit PIC16C5X, the 14-bit 
PIC16CXX, and 16-bit PIC17CXX cores. It is a rule
based compiler with expert systems tailored for each of 
these platforms for optimal efficiency. 

The compiler generates executable code directly from 
the compile process. There is no need for an extra step 
to assemble code generated by the compiler. 

SALES AND SUPPORT 

MP-C has the following features to assist in developing 
PIC16/17 software for specific user applications: 

• Provides Object, Listing, Symbol and special files 
required for debugging with other Microchip Devel
opment systems. 

• Supports interrupt routines 

• Checks source against target hardware definitions 

• Generates efficient, tight object code 

• Includes a linker and built-in macro assembler 

• 'C' enhancements specific to the PIC16/17 families' 
instruction sets 

• Output formats: INHXSS, INHXSM, and INHX32. 

MP-C Microprocessor Specific Extensions 

The MP-C Code Development System includes com
mon 'C' enhancements such as ROM arrays, binary 
constants and case statements together with functions 
specific to the PIC16/17 architecture. 

• Binary Constants of the form Ob010111 Owhich are 
logical extensions to the conventional Ox1a3b style 
of hexadecimal constants. You may also use OB as 
leading characters. 

• Case Statements are supported well by the 
PIC16/17 instruction set and the compiler provides a 
superset of the standard 'C' case statement. For 
example, case 4,5:, case 'O' .. '9', and complex case 
statements are allowed . 

• Processor Specific Functions that are specific to 
the PIC16/17 family. For example NOP() and 
SLEEP() produce the equivalent PIC16/17 instruc
tion. 

• "At" or @ Extension allows you to fix a variable to 
a specific address in memory, for example: int N @ 

OxOC. 

The MP-C Code Development System is supplied and supported directly by Byte Craft Limited of Waterloo, Ontario. 

If you have any questions please contact their technical support personnel at (519)888-6911, or fax your questions 
to (519)746-6751. 

IBM PC, PC/XT and PCIAT are registered trademarks of IBM Corporation. 
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NOTES: 
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MICROCHIP fuzzyTECH®/MCU-MP 
/uzzyTECH/MCU-MP for PIC16/17 

fuzzyTECH/MCU-MP EDITION FOR 
MICROCHIP PIC16/17 

This product brief describes the technical aspects of the 
fuzzyTECH-MP Fuzzy Logic Development System for 
PIC16/17 microcontrollers developed by INFORM™ 
Software Corporation specifically for Microchip Tech
nology. 

The fuzzyTECH-MP Development System comes in two 
versions. The first, the Explorer edition, contains every
thing you need for a comprehensive working knowledge 
about fuzzy-logic system design. It is easy-to-use, all 
graphic editors and tools guide you step-by-step through 
the development phases of fuzzy systems. The Ex
plorer edition supports two input variables and one 
output variable. 

The full featured version offers all of the capabilities of 
the Explorer edition, plus it has the additional flexibility of 
eight input variables and four output variables for de
signing more complex systems. The full features are 
enabled with a parallel key lock. 

Both systems generate assembly code compatible with 
the MPASM, Microchip's Universal Assembler, that can 
be integrated into your application. Examining this code 
provides you with further insights into the fabrics of fuzzy 
logic systems. 

fuz.n'TECH-MP System Requirements 

fuzzyTECH-MP will run on any IBM PC- (386 or higher) 
or compatible computer, running DOS 4.1 or later, and 
MS-Windows- 3.0 or later. Because fuzzyTECH-MP 
makes extensive use of graphics, a color graphic moni
tor (VGA) is required, and higher resolutions of 800 x 600 
or 1024 x 768 are recommended. 

What is Fuzzy Logic? 

Fuzzy logic is a technology that enhances mode-based 
system designs using both intuition and engineering 
heuristics. Fuzzy logic uses elements of everyday 
language to represent desired system behavior, thus 
circumventing the need for rigorous mathematical mod
eling. 

It is an efficient way of designing, optimizing and main
taining highly complex systems transparently. 

Fu:z.ey Logic Applications 

Fuzzy logic finds its home in unique applications: 

• When no adequate mathematical model for a given 
problem is readily apparent. 

• When non-linearities, time constraints or multiple 
parameters exist. 

• When engineering know-how about the given prob
lem is available or can be acquired during the design 
process. 

The tuzzyl'ECH-MP Implementation 

fuzzyTECH-MP provides the following standard fea
tures: 

• Windows Compatible with full graphical user inter-
face 

• 8-lnput variables {2 for the Explorer version) 

• 4-0utput variables {1 for the Explorer version) 

• 8-Bit resolution on input and output variables 

• 16-Bit computation resolution for the PIC16CXX and 
PIC17CXX microcontrollers 

• No theoretical limit on rules, antecedents and linguis
tic conjunctions {chip limitations will place a practical 
limit on these) 

• MAX-MIN and MAX-DOT inference methods 

• CoM and MoM defuzzification methods 

• MPASM Compatible 

• PICMASTER Compatible 

fum'J"ECH-MP 

fuzzy TECH-MP is available directly from Microchip Tech
nology and its authorized distributors. Contact your 
local sales office for more infonnation. 

fuzzyTECH is a registered trademark of INFORM Software Corporation. 
INFORM is a trademark of INFORM Software Corporation. 
IBM-PC is a registered trademark of IBM Corporation. 
Windows is a registered trademark of Microsoft Corporation. 
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fuzzyTECH 

SALES AND SUPPORT 
To order or to obtain information, e.g., on the pricing or delivery, please use the listed part numbers, and refer to the 
listed sales offices. 

PART NUMBER 

SW005003 
SW005004 

DS30361A-page 2 
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DESCRIPTION 

FUZZY TECH-MP EXPLORER 
FUZZY TECH-MP FULL FEATURED 
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MICROCHIP TOTAL ENDURANCE™ 
Serial EEPROM Endurance Model 

FEATURES 
• 18~ PC compatibility 
• Windows'9 3.1 or DOS 3.1 compatibility 
• Automatic or manual recalculation 
• Real-time update of data 
• Full-screen or windowed graphical view 
• Hypertext on-screen help 
• Key or slide-bar entry of parameters 
• On-screen editing of parameters 
• Single-click copy of plot to clipboard 
• Numeric export to delimited text file 
• On-disk Endurance Tutorial 

Total Endurance is a trademark of Microchip Technology Inc. 
IBM PC is a registered trademark of IBM Corp. 
Windows is a registered trademark of Microsoft Corp. 

C 1994 Microchip Technology Inc. 

SYSTEM REQUIREMENTS 

• DOS 3.1 or higher 
• Windows 3.1 
• 1MB memory 
• '386 or '486 processor recommended 
• Math coprocessor recommended 

DEVICE SUPPORT 
• Microchip 2-wire 24CXX/24LCXXB/85CXX 
• Microchip 3-WIRE 93CXX/93LCXX Series 
• Microchip 4-wire 59C11 

08210748-page 1 
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TOTAL ENDURANCE™ 

DESCRIPTION 

Microchip's revolutionary Total Endurance disk pro
vides electronic systems designers with unprecedented 
visibility into Serial EEPROM-based applications. This 
advanced software model (with a very friendly user 
interface) eliminates time and guesswork from Serial 
EEPROM-based designs by accurately predicting the 
device's performance and reliability within a user-de
fined application environment. Design trade-off analy
sis which formerly consumed days or weeks can now be 
performed in minutes, with a level of accuracy that 
delivers a truly robust design. 

Users may input the following application parameters: 

• Serial EEPROM device type 
• Bytes to be written per cycle 
• Cycling mode - byte or page 
• Data pattern type - random or worst-case 
• Temperature in °C 
e Erase/'.AJrite c--7-clas per day 
• Application lifetime or target PPM level 
The model will respond with FIT rate, PPM level, appli" 
cation life and a plot of the PPM level vs. number of 
cycles. The model is available in both DOS and Win
dows versions. 

BACKGROUND 

Microchip's research into the Erase/Write,&ndurance of 
Serial EEPROMs has resulted in the ctlnclusion that 
endurance depends upon three primary effects: the 
physical properties of the EEPROM cell, the internal 
error-correction technology employed, and the applica
tion environment. EEPROM endurance specified as a 
"typical" value in device data sheets must therefore be 
evaluated on a case-by-case basis, taking into account 
the manner in which the device will be used in the 
application. The Microchip Total Endurance software 
applies the user-defined application parameters to a 
complex mathematical model in order to emulate the 
EEPROM's performance and reliability in the system. 

05210748-page 2 
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USING OF THE MODEL 

The user has simply to choose a Microchip serial 
EEPROM device from the device-list menu and begin 
ent~ring the application parameters. The entire process 
can take literally seconds to complete, and the model will 
output the PPM level and FIT rate of the device vs. the 
number of Erase/Write cycles. If the user has specified 
an application lifetime, the model will output PPM and 
FIT rates at that point in time. Alternately, the user may 
input a desired PPM level and the model will calculate 
the application lifetime which will result in that survival 
rate. The user may then trade-off any of the parameters 
(device type, voltage, application life, temperature,# of 
bytes per cycle, #of cycles per day etc.) to arrive at an 
optimal solution for the intended application. 

ACCURACY OF THE MODEL 
The accuracy of the Microchip Total Endurance model 
has been verified against test data to within ten percent 
of the actual values. Howevei, Microchip makes no 
warranty as to its accuracy or applicability of the informa
tion to any given application. It is intended to be used as 
a guide to aid designers of Serial EEPROM-based 
systems in performing trade-off analysis and developing 
robust and reliable designs. 

@ 1994 Microchip Technology Inc. 



MICROCHIP 

SECTION 10 
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Product Quality ................................................................................................................................... 1 0- 1 
Product Reliability .............................................................................................................................. 10- 9 
EEPROM Endurance ......................................................................................................................... 10- 15 

© 1994 Microchip Technology Inc. DS00018G 

10-i 



MICROCHIP 

DS00018G @ 1994 Microchip Technology 

10-ii 



MICROCHIP 

Product Quality 

A CORPORATE COMMITMENT 

Microchip Technology Inc. has evolved a culture where 
a commitment to quality is an integral part. By empow
ering every employee to be responsible for the quality of 
their work, the entire corporation is involved in the quality 
process. This interaction creates an environment for 
continuous improvement throughout the organization. 
The benefits of the system are then not only enhanced 
product quality and reliability but also product services. 

THE CHALLENGE OF COMPLEXITY 

Integrating an Ideal 

Microchip's quality programs and business plan are 
vertically integrated and touch all levels of the company. 
From the top down, the President and CEO actively 
leads programs to ensure continuous improvement is a 
perpetual process. Improvement and cross functional 
teams work to enhance performance at every depart
ment level. Incorporating the improvement objectives 
into the business plan creates a unity of purpose and 
mandates that the two merge as one measurement. 

Determination to be the Best 

A fundamental concept at Microchip is the commitment 
to continuous improvement. All areas are constantly 
looking for ways to improve every aspect of the com
pany. This has allowed products and processes to 
become world class in quality and reliability. These 
programs are the foundation for success. 

PROCESS TECHNOLOGY 

All the products manufactured at Microchip make use of 
a common N-Well CMOS baseline process to which 
modules are added in order to create the specific func
tions required by the product (EEPROM, Microcon
troller, Logic and EPROM). 

The baseline process, which has been in Manufacturing 
for the last 8 years, uses minimum dimensions of 1.5µm, 

360A gate oxide thickness, N+ doped polysilicon gates 

and arsenic implanted source-drain diffusions for the N
channel devices. 

A more advanced process uses minimum dimensions of 
1µm,250A gate oxide thickness, polycide gate and LDD 
junction for the N-channel devices. A double level metal 
modules can be added to both processes. 

© 1994 Microchip Technology Inc. 
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All of these devices utilize a proprietary passivation 
suitable for a wide variety of package types. Microchip's 
processes have been developed with reliability and 
manufacturability as their primary goals. 

EEPROM 

Microchip's CMOS floating gate EEPROM technology 
produces a non-volatile memory cell by storing or re
moving charge from the floating gate. Charge is trans
ferred bidirectionally to the floating gate by Fowler
Nordheim tunneling through a sub-10 nm oxide over the 
drain of the transistor. This technology produces a 
memory cell with a typical endurance of> 108 cycles and 
greater than 10 years of data retention. (See EEPROM 
application note for details). 

EPROM 

This technology uses a non-volatile memory cell which 
stores charge on a self aligned floating gate. Electrons 
are provided to the floating gate via hot electron injection 
from the drain depletion region. Each byte can typically 
be programmed in 100 microseconds, and can retain 
that data for more than 10 years with unlimited reads. 
Block erasing is accomplished with a high intensity UV 
source through the package window. Windowed parts 
can be erased and reprogrammed more than 100 times. 

Microcontroller and Logic 

Logic products are built on a variety of Microchip's 
processes and their derivatives. These products 
have process modules for production of controllers 
that feature ROM, Analog, EPROM, and EEPROM. 
By utilizing the standard processing modules, the 
designs meld these technologies and their flexibility 
while maintaining the high quality and reliability stan
dards expected. 

QUALITY 

Design for Quality and Reliability 

Product reliability is designed into all Microchip pro
cesses and products. Design margins are established 
to guarantee every product can be produced economi
cally, error-free and within the tolerances of the manu
facturing process. Product Introduction Teams repre
senting manufacturing, engineering, quality and product 
divisions ensure that exacting standards are met for 
each specific product. 

DS00047F-page 1 



Product Quality 

Documentation and Procurement 
Specifications 

Microchip's documentation control program assures the 
correct and current document always is available at the 
point of use. Active documents are revision coded and 
serialized. Procurement specifications bear the same 
requirements. These document control procedures, 
which are common in the industry for military and high 
reliability products, are employed by Microchip, system 
wide. 

In Line Controls and Process Assessment 

Product integrity is assured by sampling and inspection 
plans performed in line. This enables Microchip to 
control and improve product quality levels as product 
moves through the manufacturing operation. Microchip's 
acceptance sampling plans in assembly emphasize the 
attempt to eliminate defective product as it is discov
ered. Acceptance and sampling plans are based on 
proprietary low fraction defective (<1000ppm) quality 
siatisiics. 

To determine whether a process is within normal manu
facturing variation, statistical techniques are put to work 
at selected process steps. In-process controls are 
performed by operators in the wafer fabrication and 
assembly operations. Operators take immediate cor
rective action if a process step is out of its control limit. 
Through these in-line controls the true capability of a 
process is generated. (See Appendix A - Controls) 

Control of Customer Quality is attained through a statis
tical program based on minimum defect capability lev
els. These levels are defined as the error levels associ
ated with the circuit design and science limitations of the 
chemistry and physics of processing. 

Material controls prevent defective piece parts from 
getting into the line. Microchip's assembly material 
control sample plan is typical of the emphasis placed on 
safeguards. (See Appendix B - Material Controls). 

Testing for Margin 

Microchip conducts a product's initial test under strin
gent requirements. All quality assurance tests are run to 
tighter limits than customer specifications. As part of an 
outgoing quality assurance program, products are tested 
at least two machine tolerances tighter than those limits 
specified by the customer on every parameter. Margin 
testing accounts for normal tolerances of any particular 
test system and provides the assurance that Microchip's 
products meet a customer's specifications. 

Variation from Expectation 

Microchip works to make variation from target as small 
as possible. The better process is the one that holds the 
narrowest dispersion. Processes are targeted to main
tain Cpk's of > 1.5 and currently have typical values of 
>2.0. Higher process capability values are continually 
strived for indicating that better process control is being 
obtained. 

DS00047F-page 2 
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Outgoing Quality 

Quality Control samples all outgoing product from final 
testing. These samples measure in line defect levels 
after screens have been applied. Root cause analysis 
follows, initiating technical change to effect continuous 
improvement. 

Programmability Yield 

Using programmable devices adds a complexity to the 
Quality Level interpretation. It is not unlikely that some 
programmable devices will not program. The program
mability yield is dependent on (but not limited to): pro
grammers, technology, array size, and handling. 

Any device that does not program properly will not be 
used in the end system. Therefore, programmability 
yields should not be used to calculate AQLs. 

For convenience, Microchip offers programming ser
vices for certain devices. This service is an advantage to 
the customer since it not only eliminates programmabil
ity rejects, but also reduces the handling of the parts. 
See the individual data sheets for details on our Quick
Turnaround-Production (OTP) service. 

RELIABILITY 

Process Qualification 

No priority is more important than the one where pro
cesses under which Microchip products are built operate 
without fail. All products are stressed beyond normal use 
limits when undergoing high temperature operating life 
and retention bake tests. This is done to ensure that the 
devices meet the strictest reliability guidelines and will 
maintain industry low failure rates. 

Package Qualification 

Package qualification measures a component's ability to 
withstand extreme thermal and mechanical stresses. All 
products are stressed to high level industrial specifica
tions to ensure reliability. 

Ongoing Sampling of Key Reliability 
Variables 

Microchip conducts accelerated mechanical tests, oper
ating life tests and memory retention tests to explore the 
many ways failures might occur. Data obtained from 
continuous testing is used to identify potential reliability 
problems and for defining action courses to improve 
product. Microchip's reliability knowledge is shared with 
customers. This data is available for use in customer's 
own quality and reliability improvement programs and is 
published in regular quarterly and yearly reports. 

© 1994 Microchip Technology Inc. 



RELIABILITY CONCEPTS 

Definition 

Reliability is the probability of a system or circuit per
forming its predefined function adequately under spe
cific conditions for a given period of time. Thus, the 
reliability of a microcircuit is a function of both stress 
conditions and the time of operation. 

The reliability (or probability of survival} range runs from 
0 (no chance of survival) to 1 (no chance of failure). 
Current microelectronic circuits are manufactured and 
controlled to such tight specifications that reliability 
figures for the total operation time approaching 1 (i.e., 
0.9999) are common. As a result, the complement of 
reliability, or the failure probability, is more often quoted 
in current literature. 

The failure rate is the rate at which failures occur on units 
surviving to a specific number of hours of operation. 
Failure rates per unit circuit-hour would generally be 
very small. To avoid reporting such small numbers, 
failure rates have been defined for greater circuit-hours. 
One thousand circuit-hours is defined as one circuit 
operating for one thousand hours, or 1,000 circuits 
operating for 1 hour, etc. The numbers of circuit-hours 
is the number of circuits multiplied by the number of 
operation hours for each circuit. 

Two methods to define failure rate are commonly used: 

• Percent failures per thousand circuit-hours 

• Absolute failures per 10" circuit-hours, or FITs. 

Note that a failure rate o!0.0001%/1000 hours and 1 FIT 
are equivalent numbers. 

Bathtub Curve: Failure Rate Over Time 

The generic representational graph of failure rate vs. 
time takes the shape of a bathtub curve. (Figure 1 }. 

The early failure rate (infant mortality) period starts from 
initial operation (time To) and decreases as time goes 
on. 

Time T1 signifies the end of the infant mortality period. 
The next phase of the curve occurs between time T 1 and 
T2. This long period of time is distinguished by a nearly 
constant and very low failure rate. AlterT2 is passed, the 
failure rate starts to increase slowly. This last phase of 
failure rate vs. time is known as the wear-out period. 

© 1994 Microchip Technology Inc. 
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Product Quality 

Temperature Dependency 

In order to establish failure rates in a reasonable time, it 
is necessary to accelerate the incidence of the failure 
modes. Higher environmental stress levels than those 
encountered under normal conditions are needed. The 
accelerating parameter most employed is junction tem
perature, although voltage and humidity, for example, 
are also used. Higher temperatures are capable of 
accelerating many common failure modes dramatically. 

Arrhenius Equation 

A number of mathematical models were developed to 
quantify the relationship between accelerated failure 
rates and increased junction temperatures. The one 
model most commonly used employs the Arrhenius 
Equation. It is as follows: 

AF= e•, where x= - ---EA ~1 1 J 
K TN TA 

AF = Acceleration Factor (non-dimensional) 

e = 2.718281828 ... (non-dimensional constant} 

EA= Activation energy level (electron volts} 

k =Boltzmann's constant = 8.6172 x 10·5 

(electron-volts/degree Kelvin) 

TN = Normal junction temperature (degrees Kelvin) 

TA = Accelerated junction temperature (degrees 
Kelvin) 

Thus, the time to achieve a certain probability of failure 
at time T 1 under temperature TN can be compressed to 
T1 divided by AF at the accelerated temperature, TA. 
Note that for true acceleration, the acceleration factor 
AF is independent of the probability of the fail point 
specified. 

AF, the dependent variable of the Arrhenius Equation is 
a function of several variables. TN and TA are specified 
for the situation under consideration. EA is a function of 
the particular mode of failure, and is determined by 
experimental evaluation. 

FIGURE 1: BATHTUB CURVE 

FAILURE RATE 

\... ... ../ 
I I 
I I ~ L-----'CJCJCJ~I ___ _ 

To T1 TIME T2 
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Product Quality 

Activation Energy Level 

Activation energy levels in semiconductors generally 
are in the 0.3 - 1.1 electron-volt range. Each failure 
mode has its own activation energy. Some typical 
examples are: 

FAIL!.!BE Mt;;~HANISM .E.A.1!00 
Oxide/Dielectric Breakdown 0.3 

Electromigration 0.5 to 0.7 

Surface Related Contamination 1.0 

lntennetalics 1.0 

Floating Gate Charge Loss 0.6 

Hot Electron Trapping -.1 

Charge Trapping 0.12 

A compromise value of 0.6 electron-volts is often used 
when there is no specific information relating to the 
failure modes being accelerated. 

RELIABILITY TESTS 

Operating Life Test 

The Operating Life Test is run under dynamic bias 
conditions where inputs are clocked. The test is con
ducted at high temperature to accelerate the failure 
mechanisms. The nonnal temperature for the test is 
+ 125"C for 1,000 hours. Readouts occur at 24, 168, 500 
and 1,000 hours. Early hour failures are usually associ
ated with manufacturing defects or otherwise marginal 
material. 

Retention Bake 

The Retention Bake Test is performed to accelerate 
data loss on floating gate devices. The test consists of 
unbiased baking at elevated temperature. Usually the 
test lasts for 1,000 hours at+ 150°C. The failure mecha
nism that is accelerated is charge leakage from a stored 
element. 

DS00047F-page 4 
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Endurance Cycling 

Endurance Cycling establishes the number of times a 
device can be programmed and erased. Normally the 
test is conducted at rated temperature conditions and is 
followed by retention bake. The standard cycling at 
Microchip is done at 85°C using a byte cycle mode and 
is followed by a bake of both a checkerboard and an 
inverse checkerboard of 48 hours at 150°C. 

Temperature Cycle 

The Temperature Cycle test simulates stresses which 
occur to systems during power up/power down se
quences. The test is intended to reveal any deficiencies 
resulting from thermal expansion mismatch of the die/ 
package structure. Normally the test is conducted by 
cycling between -65°C and +150°C in an air ambient. 
Duration for the test is typically 500 cycles for both 
plastic and ceramic packages. Endpoint criteria are 
both electrical and visual/mechanical. 

Thermal Shock 

The Thermal Shock test is similar to the Temperature 
Cycle test except that the ambient during cycling is 
liquid-to-liquid. This stimulates rapid thennal environ
mental changes. The mechanisms accelerated are 
identical to those in the Temperature Cycle test except 
that the Thermal Shock test is a more accelerated test 
with temperatures normally+ 125°C to -55°C. The num
ber of cycles are 500 for qualification testing. 

Autoclave 

The autoclave test determines the survivability of de
vices in molded plastic packages to a hot, humid envi
ronment. The test exposes unbiased, plastic packaged 
devices to saturated steam at 121 ·c and 15 pounds per 
square inch (one atmosphere) gauge pressure. The 168 
or more hours of testing allows moisture to penetrate into 
the die. Chemical corrosion of the die metallization may 
occur if ionic contaminants are present and the die 
surface protection is deficient or damaged. Charge 
leaks from floating devices usually happen before a 
corrosion mechanism develops. 

© 1994 Microchip Technology Inc. 



RELIABILITY TESTS {CONT.) 

Temperature Humidity Test 

The Temperature Humidity test determines the surviv
ability of devices in molded plastic packages functioning 
in a hot, humid environment. By convention, test condi
tions are 85"C with 85% relative humidity. The parts are 
biased to lend themselves to electrochemical corrosion. 
The duration of the test is usually 1,000 hours or more. 
The test checks the adequacy of the die surface protec
tion and the plastic's lack of ionic impurities. The applied 
bias is 5 volts on alternating pins or set up for minimum 
power to reduce internal heating and consequent mois
ture evaporation on the device. Similar to the Autoclave 
test, charge loss on floating gate devices is a principle 
failure mechanism. 

HAST 

The Highly Accelerated Stress Test is similar to the 
Temperature Humidity Test but with more stringent 
temperature exposure. Devices are subjected to 130°C 
with 85% relative humidity and an alternating bias of 5 
volts and ground on device pins. The duration of the test 
is 168 hours. This tests for ionic contamination and 
corrosion, but floating gate devices may also fail for 
charge loss. 

© 1994 Microchip Technology Inc. 
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Product Quality 

QUALIFICATION CATEGORIES 

In general, qualification is required fornew design, major 
changes in old design, process or material when either 
wafer fabrication or package assembly operations are 
affected. Cross functional teams which include reliability 
develop new products for introduction. In other areas, 
Microchip utilizes the concept of a Change Control 
Board which meets regularly to establish which criteria 
is to be used for all specific proposed changes. This 
board is made up of representative leaders of various 
groups and departments throughout Microchip to insure 
all concerns are heard early during the process. 

QUALIFICATION PROGRAMS 

Qualifications guarantee changes to or new processes 
and technologies are properly evaluated for reliability 
performance. 

Reliability Monitoring 

Microchip's reliability monitoring program is a compre
hensive effort to measure the reliability of all process 
families with strict regularity. The program strives to 
improve performance through failure analysis and cor
rective action. Numerous screening procedures are 
used and estimates of product life and expected failure 
rates are provided. 

Typical tests and frequencies include: 

• Die Monitor on selected product for -

Dynamic Life 

Retention Bake 

Endurance 

• Periodic (weekly, monthly and quarterly) package 
monitors to evaluate: 

Mechanical stresses 

Alignment 

Temperature and moisture stresses 

Corrosion resistance 

Marking permanency 

DS00047F-page 5 
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APPENDIX A - IN LINE CONTROLS 

CONTROLS - PLASTIC PACKAGE ASSEMBLY 

Operation Action Sample Plan Responsibility Referenced 

Quality Prod MIL-STD 

Die Visual Reject defectives 1Cl%sample - x MIL-STD-883C 
100% rescreen LTPD 10 x - Method2010 
perLTPD 

Wafer Saw Machine One kerf per lot x - MIL-STD-883C 
Shut Down Method2010 

Die Attach Machine 4X/Lot/Machine x - NIA 
Shut Down LTPD 15 

Wire Bond Machine 1% AQL each 1/2 shift x - MIL-STD-883C 
Shut Down Method 2010 

Post Wire Bond Reject defectives LTPD 15 x - MIL-STD-883C 
I 1 OOo/e rescreen I ~.1ethod 201 C 

per LTPD 

Mold Press Machine One sample /4 hrs x - NIA 
Shut Down 

Die Plating Reject defectives Every4 hrs x - NIA 
100% rescreen LTPD 10 
perLTPD 

Trim and Form Reject defectives Once/2 hrs x - NIA 
100% rescreen LTPD 10 
perLTPD 

External Visual and Reject defectives 100% LTPD2 - x MIL-STD-883C 
Documentation 100% rescreen x - Method 2010, 
Verification perLTPD Method 2016 

DS00047F-page 6 © 1994 Microchip Technology Inc. 
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Product Quality 

CONTROLS - CERAMIC PACKAGE ASSEMBLY 

Operation Action Sample Plan Responsibility Referenced 

Quality Prod MIL-STD 

Die Visual Reject defectives 10% LTPD 10 - x MIL-STD-883C 
100% rescreen x - Method 2010 
per LTPD 

Wafer Saw Machine One kerf per lot x - MIL-STD-883C 
Shut Down Method 2010 

Die Attach Machine Non-destruct each 2 hrs x - MIL-STD-883C 
Shut Down destruct each shift Method 2010 

Wire Bond Machine 4X/shifVmachine x - MIL-STD-883C 
Shut Down Method 2010 

Preseal Visual Reject defectives 100% LTPD 15 - x MIL-STD-883C 
100% rescreen x - Method2010 
perLTPD 

Package Seal Machine LTPD 15 x - NIA 
Shut Down 

Environmental Machine LTPD5 x - MIL-STD-883C 
Stress Shut Down Method 2001 
Centrifuge 84(0) Method 1010 
Temp Cycle 84(0) 

Fine Leak Reject defectives LTPD5 x - MIL-STD-883C 
100% rescreen Method 1014 
perLTPD 

Gross Leak Reject defectives LTPD5 x - MIL-STD-883C 
100% rescreen Method 1014 
per LTPD 

Lead Trim Reject defectives 100%LTPD2 - x MIL-STD-883C 
100% rescreen x - Method 2009 
per LTPD 

External Visual and Reject defectives 100% LTPD2 - x MIL-STD-883C 
Documentation 100% rescreen x - Method 2010, 
Verification per LTPD Method2016 

© 1994 Microchip Technology Inc. DS00047F-page 7 
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APPENDIX B- MATERIAL CONTROLS PACKAGE 

MATERIALS CONTROLS - PLASTIC PACKAGE ASSEMBLY 

Operation Action Sample Plan Responsibility Referenced 

Quality Prod MIL-STD 

Lead Frame Reject defectives Visual, L TPD 2 x - N/A 
100% rescreen Functional, LTPD 10 
perLTPD and material spec 

Die Attach Epoxy Reject Functional, L TPD 15 x - NIA 
and material spec 

Gold Wire Reject Per material spec x - N/A 

Molding Compound Reject Spiral flow, 3X/lot x - NIA 
Functional, 1X/lot and 
material spec 

MATERIALS CONTROLS - CERAMIC PACKAGE ASSEMBLY 

Operation Action Sample Plan Responsibility Referenced 

Quality Prod MIL-STD 

Base/Lead Frame Reject 100% Visual, L TPD 10 x - MIL-M-38510 
rescreen per Functional, LTPD 10 
LTPD Bake test, L TPD 15 

Dimensions, L TPD 50 
and material spec 

Package Reject 100% Visual, LTPD 10 x - MIL-M-38510 
rescreen per Functional, L TPD 1 o 
LTPD Bake test, L TPD 15 

Dimensions, L TPD 50 
Plating, LTPD 10 
and material spec 

Preform Reject Visual, L TPD 10 x - MIL-M-38510 
Functional, L TPD 15 

Bond Wire Reject Per material spec x - MIL-M-38510 
2 spools/lot 

Lid Reject Visual, L TPD 7 x - MIL-M-38510 
Functional, L TPD 10 
and material spec 

DS00047F-page 8 © 1994 Microchip Technology Inc. 
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MICROCHIP 

Product Reliability 

OVERVIEW 

Microchip Technology lnc.'sproducts provide competi
tive leadership in quality and reliability, with demon
strated performance of less than 100 FITs (Failures in 
Time) operating life for most products. The designed-in 
reliability of Microchip's products are supported by on
going reliability data monitors. This document presents 
current data for your use - to provide you with results you 
can count on. 

The test descriptions included in this document explain 
Microchip's quality and reliability system. The product 
data demonstrates its results. 

The customer's quality requirements are Microchip's top 
priority. Ongoing customer feedback and device perfor
mance monitoring drive Microchip, leading to continuing 
improvements in the long-term quality and reliability. 

FAILURE RATE CALCULATION 

Extended field life is simulated by using high ambient 
temperature. In the semiconductor technology, high 
temperatures dramatically accelerate the mechanisms 
leading to component failure. Using performance 
results at different temperatures, an activation energy is 
determined using the Arrhenius equation. For each type 
of failure mechanism, the activation energy expresses 
the degree to which temperature increases the failure 
rate. 

The activation energy values determined by Microchip 
Technology agree closely with those published in the 
literature. For complex CMOS devices in production at 
Microchip Technology, an activation energy of 0.6 eV 
has been shown to be representative of typical failures 
on operating life. By definition, failure is reached when 
a device no longer meets the data sheet specifications 
as a direct result of the reliability test environment to 
which it was exposed. Common failure modes for 
CMOS integrated circuits are identified for each test 
environment. 

To establish a field failure rate, the acceleration factor is 
applied to the device operating hours observed at high 
temperature stress and extrapolated to a failure rate at 
55'C ambient temperature in still air. 

The actual failure rate experienced could be consider
ably less than that calculated if lower device tempera
tures occur in the application board, such as would be 
the case ii a fan, a heat sink, or air flow by convection is 
used. 

© 1994 Microchip Technology Inc. 
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Environment 

Operating Life 

Typical Failure Mechanism 

Process parameter drift/shift 
Metal electromigration 
Internal leakage path 
Lifted bond/ball bond chip-out 

Temperature Cycle Lifted bond/ball chip-out 
Cracked die or surface cracks 

Biased-Humidity 

Autoclave 

High Temp. Bake 

High Temp. 
Reverse Bias 

DEFINITIONS 

Bond pad corrosion 

Internal circuit corrosion 

Inter-pin leakage 
Charge loss 

Charge loss 

Charge gain, Parameter 
drift/shift 

FIT (Failure In Time): Expresses the estimated field 
failure rate in number of failures per billion power-on 
device-hours. 100 FITS equals 0.01% fail per 1,000 
device-hours. 

Operating Life Test: The device is dynamically exer
cised at a high ambient temperature (usually 125'C) to 
quickly simulate field life. Derating from high tempera
ture, an ambient use condition failure rate can be calcu
lated. 

Temperature Cycle: The devices are exposed to se
vere extremes of temperature in an alternating fashion 
(-65'C for 15 minutes, 150'C for 15 minutes per cycle). 
Package strength, bond quality and consistency of as
sembly process are stressed using this environment. 

Biased-Humidity: Moisture and bias are used to accel
erate corrosion-type failures in plastic packages. The 
conditions include 85'C ambient temperature with 85% 
relative humidity. Typical bias voltage is +5 volts and 
ground on alternating pins. 

Autoclave (pressure cooker): Using a pressure of one 
atmosphere above atmospheric pressure, plastic pack
aged devices are exposed to moisture at 121·c. The 
pressure forces moisture permeation of the package 
and accelerates related failure mechanisms, if present, 
on the device. 

DS11008G-page 1 
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Thermal Shock: Exposes devices to extreme tempera
tures from -55'C to +125'C by alternate immersion in 
liquid media. 

Retention Bake: A 150'C temperature stress is used to 
accelerate charge loss in the memory cell and measure 
the data retention on the EPROM and EEPROM por
tions of the circuitry. 

HAST: Moisture, extreme heat and bias are used to 
accelerate corrosion and contamination in plastic pack
ages. The conditions are 130°C and 85% relative humid
ity. Typical bias voltage is +5 Volts and ground on 
alternating pins. 

RELIABILITY CONTROL SYSTEM 

A comprehensive qualification system ensures that re
leased products are designed, processed, packaged 
and tested to meet both design functionality and strict 
reliability objectives. Once qualified, a reliability monitor 
system ensures that wafer fabrication and assembly 
process performance is stable over time. A set of 
baseline specifications is maintained that states which 
changes require requalification. These process changes 
can only be made after successful demonstration of 
reliability performance. This system results in reliable 
field performance, while enabling the smooth phase-in 
of improved designs and product capability. 

RELIABILITY CONTROL SYSTEM DIAGRAM 

RELIABILITY DATA SUMMARY 

Introduction 

This section provides a reliability summary of Microchip 
Technology's product. Included is reliability data and 
packaging information obtained over the recent past. 

Plastic Package Characteristics and Codes 

As part of an on going product program, Microchip 
Technology will apply its Quality and Reliability process 
in evaluating the latest developments in plastic packag
ing technology, and implement the highest reliability 
materials and assembly techniques. The plastic pack
ages that are currently available from Microchip are 
listed in the table below. 

Package Description Identification Code 

Package Description Identification Code 

Plastic Leadless Chip Carr!sr L 
Plastic Dual In Line (600) p 
Plastic Dual In Line {300) SP 
Plastic SOIC (.150) SUSN 
Plastic SOIC (.207) SM 
Plastic SOIC (.300) so 
Plastic TSOP (8 x 20mm) TS 

Plastic SSOP (.207) SS 

Specify: 
• Design objectives/ 

specifications 

Confirm design objectives 
using qualification tests: 
•Operating life, 125°C 

Assure Outgoing Quality Level: 
• Design release document 
• Baseline wafer fabrication process 

• Testability goals 
• Reliability requirements 
• Process/packaging 

requirements 
• Design guidelines 
Design: 
• Functional models 
• Logic design & verification 
• Circuit design & verification 
• Layout design & verification 
• Prototype verification 
• Performance characterization 
Develop (as required): 
• Wafer fabrication processes 
• Package/packaging 

technology 

DS 11 008G-page 2 

ambient 
•Temp-cycle, -65°/150°C 
•Thermal shock, -65°/1so·c 
• ESD , ± 2000 V HBM 
• ESD , ± 100 V MM 
• Latch-up (CMOS devices) 
• Biased-humidity, 85°C/85% 
• Autoclave (pressure 

cooker) retention bake 

10-10 

• Baseline assembly process 
• Qualification release 
• Enter device to specification system 
• Wafer-level reliability controls 
• Assembly reliability controls 
• Early failure rate sampling 
• Reliability monitoring 
• Statistical process control feedback 
• Audit specifications 
• Analyze returned failures 
• Requalify devices as needed for 

major changes such as ESD resis
tance enhancement, cost reduction/ 
die shrink, process improvement, and 
new package types. 

© 1994 Microchip Technology Inc. 



Product Reliability 

HIGH TEMPERATURE (125°C) DYNAMIC LIFE TEST 

Graph set for EEPROM, PIC16/17 and EPROM for all conditions 

High temperature dynamic IHe testing accelerates ran
dom failure modes which would occur in user applica-

EEPROM DYNAMIC LIFE 

200 

150 

'[§ 
~ 
CD 100 Oi a: 
f-u:: 

50 

0 

PIC16/17 MICROCONTROLLER 
DYNAMIC LIFE 

300 

250 

200 

'[§ 
u:: 
~150 

* a: 
ti: 100 

50 

0 
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lions. Voltage bias and address signals are used to 
exercise the device in a manner similar to user systems. 

EPROM DYNAMIC LIFE 

500 

400 

'[§ 
g;,300 

* a: 
f-
u:: 200 

100 

0 
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DATA RETENTION BAKE 

Data storage in applicable devices is done by develop
ing a charge on the floating gate structure in the memory 
cell. Charge loss in this cell structure results in a conver
sion of zeroes to ones. In order to evaluate the level of 

EEPROM RETENTION BAKE 

250 

200 

U)150 
t: 
!:!::. 
$ 
~ 100 
I-rr: 

50 

0 

PIC16/17 MICROCONTROLLER 
RETENTION BAKE 

NOTE: Representation of reliability data typically shows 
calendar year grouping along the x-axis, except for 1993 
which includes only first, second and third quarters. This 
provides the equal lime interval normally expected for 
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this type of failure, devices are subjected to a 1 so·c 
bake. This bake accelerates charge loss in the memory 
cell and 1000 hours at 150°C is equivalent to approxi
mately 13.5 years in the field at 55°C. 

EPROM RETENTION BAKE 

150 

100 

~ 
16. 

CD 
'iii 
a: 
I-

50 u: 

0 

graphical presentation. However, Chi-square statistics 
demand equivalent device-hours for fair interval com
parison. Such data grouping assures that relatively 
small sample sizes do not indicate unrepresentative FIT 
rates. 
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BIASED 85°/85% R.H. 

Microchip Technology evaluates plastic encapsulated 
devices ability to withstand high temperature, high hu· 
midity environments while under electrical bias. This is 
done by utilizing the industry standard test method 
known as 85/85. This stress is designed to create 
corrosion of the metal or internal device leakage if ionic 
contaminants are present but also may cause charge 
loss in memory cells. 

Operating Hours 

package 24 168 504 1008 

PDIP 0/3566 1/3566 1/3565 2/3564 

PLCC 0/2447 3/2447 1/2444 5/2443 

SOIC 0/2997 5/2997 0/2865 0/2865 

TSOP 0/377 01377 01377 0/377 

PCT (AUTOCLAVE) 
Originally, this test was designed to evaluate corrosion 
of bond pads due to penetrating moisture combining 
with contaminant residue on the metal surface. The 
corrosion failure rate forth is test has become nearly zero 
and a new failure mode has surfaced. This is memory 
cell charge loss due to moisture penetration along the 
floating gate allowing a conduction path for removal of 
stored charge. This moisture path is between the seal of 
the metal and the passivation which can then be traced 
to the substrate near the edge of the floating gate. This 
failure type is the primary mode in the data provided. 

Operating Hours 

package 24 168 

PDIP 0/8147 4/8147 

PLCC 0/3322 0/3322 

SOIC 0/6464 7/6464 

TSOP 0/142 1/142 

© 1994 Microchip Technology Inc. 
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TEMPERATURE CYCLING 

This thermal tests evaluates air to air rapid temperature 
change evaluating built in material stresses. This is a 
worst case simulation of system power up/ power down 
and is based on stringent military packaging require
ments. 

package 

PDIP 

PLCC 

SOIC 

TSOP 

SSOP 

Operating Results 

15 cycles 

0/2054 

01907 

0/837 

0196 

0/94 

THERMAL SHOCK 

500 cycles 

3/2054 

1/907 

0/837 

0/96 

0194 

Thermal shock is the most extreme case of tempera· 
lure cycling by using liquid immersion for the tech
nique to change the device environment. This 
accelerates any stress related failures with the rapidly 
changing gradient. After the temperature stressing a 
constant force centrifuge test is also preformed prior 
to final electrical testing to further uncover any defects 
that may have occurred under stress. 

Operating Results 

package 15 cycles 500 cycles 

PDIP 0/2314 0/2314 

PLCC 0/878 6/878 

SOIC 0/1090 0/1090 

TSOP 0196 0/96 

SSOP 0/94 0/94 

HAST (130°/85% R.H.) 

Highly Accelerated Stress Testing evaluates plastic 
encapsulated devices' ability to withstand extreme high 
temperature, high humidity environments while under 
electrical bias. This is done by a new method known as 
HAST. This stress is designed to create corrosion of the 
metal or internal device leakage if ionic contaminants 
are present but also may cause charge loss in memory 
cells. 

package 

PDIP 

PLCC 

SOIC 

Operating Results 

24 hours 

1/2192 

21527 

01976 

168 hours 

0/809 

0/281 

0/488 
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PRODUCT RELIABILITY DATA 

Operating Hours 

Device Operation 24 168 504 1008 Fails Device Hours FITs 
60%CL@55'C 

PIC16C57 DLT 0/9350 219350 0/4400 0/4400 2 5,266,800 14 

PIC16C56 DLT 0/6511 0/6511 0/2601 1/2601 3,278,688 15 

PIC16C55 DLT 0/8066 1/8066 1/4256 1/4255 3 4,929,624 20 
PIC16C54 DLT 1/11509 0/11508 3/6569 1/6566 5 7,449,816 20 

PC16C84 DLT 01607 0/607 0/555 0/555 0 568,176 39 
PIC16C71 DLT 0/304 0/304 0/304 0/304 0 306,432 72 

PIC16C57 BAKE 0/10308 0/10308 1/2218 0/2217 1 3,594,360 5 

PIC16C56 BAKE on888 2n888 0/1615 0/1615 2 3,187,800 8 

PIC16C55 BAKE 0/8959 0/8959 1/2633 1/2632 2 3,716,328 7 

PIC16C54 BAKE 0/12690 0/12690 0/4023 5,511,576 3 

Operating Hours 

Device Operation 24 168 504 1008 Fails Device Hours FITs 
60%CL@55'C 

24CXX DLT 0/14842 0/14842 1/4360 3/4359 4 6,155,352 20 
93CXX DLT 215308 4/5306 0/1989 0/1989 6 2,562,216 68 

24LCXX DLT 0/9161 3/9161 216132 3/6130 8 6,688,920 34 
93LCXX DLT 0/3941 3/3941 3/1811 211808 8 2,181,816 103 

28C16 DLT 0/1915 0/1915 on65 on65 0 964,320 23 

28C84 DLT 1/4498 1/4497 0/2127 0/2127 2 2,542,200 29 

24CXX BAKE 2112649 1/12647 1/2840 212839 6 4,510,008 14 

93CXX BAKE 0/5472 0/5472 0/1045 0/1045 0 1,797,096 4 

24LCXX BAKE 0/7778 on118 0/3484 1/3484 1 4,233,264 4 

93LCXX BAKE 0/4729 0/4729 0/2527 0/2527 0 2,917,152 3 

28C16 BAKE 1/3248 1/3247 21607 5 1,054,392 51 

Operating Hours 

Device Operation 24 168 504 1008 Fails Device Hours FITs 
60%CL@55'C 

27HC256 DLT 0/1933 1/1933 0/1013 0/1013 1,175,664 41 

270256 DLT 1/8517 418516 0/1569 0/1569 5 2,748,672 55 

27C512 DLT 0/2815 4/2815 0/954 0/954 4 1,274,280 98 

27H0256 BAKE 0/2192 5/2192 0/532 0/532 5 815,136 66 
270256 BAKE 218513 318510 0/2193 1/2193 6 3,271,872 19 

270512 BAKE 212406 13/2404 1/380 21379 18 722,616 233 

Operation Legend: DLT • Dynamic Life Test (125°0) 
Bake • Retention Bake (150°0) 

DS11 OOBG-page 6 © 1994 Microchip Technology Inc. 
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MICROCHIP 

EEPROM Endurance 

INTRODUCTION 

A unique feature of non-volatile memory devices is the 
dual requirement both to change and to maintain data 
states. It is this combination of requirements that pro
vides the contrasting nature that defines the complexi
ties involved in change and maintaining such change. 
Anything that enhances the physics to allow a data state 
change in contrast degrades the retention of that change. 
It also holds that any retention enhancements inhibit the 
data changing capabilities. A balance must be struck 
between the combinations to achieve the field require
ments of customer applications. 

Erase/Write cycling has many variables which greatly 
effect the lifetime of the device. To accurately make 
comparisons between specifications and the actual re
quirements, or any other comparisons, these factors 
must be well understood and taken into account. 

TECHNOLOGY OVERVIEW 

Silicon Technology 

The basic technology employed by Microchip Tech
nology for EEPROM's is a FLOTOX structure as 
drawn below. This is a an industry standard architec
ture base which has been enhanced by Microchip to 

Memary CeH Gate 

Inter-Leval Dlelectrlc 

~,.,,..,,1r 

90 ANG Td Oxide 

~ 
Memory 

Cflll Gate 

Read 

Bil Lina 1.Bvolts 
Row Select Gate 5.0volts 
Memory Cell Gate 5.0 volts 
Common Source 0.0 volts 

C 1994 Microchip Technology Inc. 

Write 

provide improvements to the quality and reliability of 
the devices produced. 

Circuit Technology 

These cells are then structured in either an B or 16 bit 
word organization for data storage with between 32 
words (256 byte device) and BK words (64K device) 
using standard binary decoding schemes found industry 
wide on memory devices. Data can then be transmitted 
either into the device for storage or read from the device 
when needed along a single DATA pin. The device has 
no restriction on the number of read cycles that can be 
processed per byte without damage but the storage 
process does have finite limitations. 

Currently two different schemes of error correction are 
being utilized on Microchip EEPROM's. The 24CXX, 
93CXX, 85CXX, 59CXX and 2BCXX device types utilize 
a modified Hamming code redundancy scheme with four 
parity bits per eight bit byte. This has been the industry 
standard correction scheme for enhancement of cycling 
lifetimes by eliminating single bit per word errors. An 
alternative approach has been developed utilizing an 
AND cell concept of redundant memory cells. This 
further enhances the write/erase lifetime over the Ham
ming code and has been implemented on the 24LCXXB 
and 93LCXX circuits. 

- SlllCI Tronolotar 

Row 
Select 

Erase Standby 

18.0 volts 0.0 volts 0.0 volts 
20.0volts 20.0volts 0.0 volts 
O.Ovolts 20.0volts o.o volts 

Float 0.0 volts o.o volts 
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EEPROM Endurance 

Reliability Endurance 

The endurance failure rate curve for the Microchip 
devices is presented in the standard form for this curve 
from EEPROM FLOTOXmanufacturers. Microchip does 
write/erase cycle all EEPROM devices priorto shipment 
to remove the infant mortality endurance failures from 
the population. This characteristic curve, with two failure 
increase sections, is shown below for reference. Both 
sections have single bits failing as the dominant mecha
nism. 

The first of the failure increase sections is usually related 
to breakdown of oxides from latent oxide defects that are 
inherent to any process. These oxides have reached a 
time dependent dielectric breakdown condition and per
manently rupture. This generally characterizes the first 
200K write/erase cycles under any conditions. The 
second curve is the standard trap up of electrons within 
the tunnel dielectric which closes the write/erase thresh
old window until the device no longer adequately pro
grams or erases. 

This curve depends on multiple parameters, but the trap 
up failure increase portion often does not occur until one 
million write/erase cycles or greater. 

The first failures from endurance cycling and the long 
term end of life failures are due to different mechanisms. 

The failures from 200K to SOOK cycles have historically 
been attributed to "fast trap up" around the industry. 
Analysis at Microchip has shown that these failures are 
not actually trap up but oxide breakdown in nature. They 
most often manifest themselves as single bit charge loss 
or charge pump failure, both due to the formation of a 
conductive path within the gate oxide layer. 

These oxide breakdown failures can be related to de
fects of three types of categories. 

Type 1 is a residual chemical stain left behind on the 
wafer after processing due to an inadequate rinse. 
These are very difficult to physically detect and are best 
inferred from a pattern of bits (a bit cluster) that fail. 

ERASE/WRITE CYCLES 
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Type 2 is a physical defect which can be found upon 
microscopic or SEM analysis resulting in the failure. This 
is most often a particle, polysilicon nodule or metal short. 

Type 3 is a physical defect with low activation energy 
that cannot be detected until end of life evaluation 
because of it's change in state (subsequent consump
tion) during latter processing steps. 

The end of life mechanism is called "oxide trap up". This 
is where the tunnel dielectric oxide layer loses it's ability 
to pass charge and begins to retain some portion of the 
charge that it passes to the floating gate. These excess 
electrons within the oxide act as a charge shield, result
ing in insufficient charge movement while significantly 
raising the voltage required to continue transmitting a 
constant charge level. Since the programming voltage is 
not adjustable this results in less charge movement for 
either the write or erase state. These states, whether 
charged negatively or charged positively, approach a 
central point and become indistinguishable to the detec
tion circuitry of the device. This results in a failure to read 
the correct pattern, (lrnpossibie to distinguish between a 
programmed one and a programmed zero) beginning 
with the extreme voltage values of the operating speci
fication. 

MEASUREMENT OF CYCLING 

Microchip Technology defines a device lifetime in the 
strictest sense, that is, stated lifetime has to exhibit the 
truest correlation to customer results. All units shipped 
from Microchip have Error Correction circuitry engaged 
for customer use. Error Correction amends any one 
error per byte for Hamming and one error per bit for AND 
cell which allows the device to read correct data. An 
endurance failure is determined when any one bit is not 
capable of being correctly written and maintained in that 
state indefinitely. 

The device lifetime is defined when a specified percent
age of devices, (Microchip currently uses a cumulative 
2.5 percent), have a customer detectable error under 
worst case operating conditions. 

Ongoing monitors are acquired from every wafer lot of 
material manufactured for shipment. Samples are sub
jected to byte cycling of a checkerboard pattern at 85°C 
in rapid succession to the specified number of guaran
teed cycles. These units then are baked at 150°C for 48 
hours in both checkerboard and inverse checkerboard 
forms and electrically tested to ensure that data sheet 
requirements are met. This data is accumulated on a 
monthly basis and reviewed to measure both results of 
continuous improvement programs and conformance 
against the device standards. 

© 1994 Microchip Technology Inc. 



ENDURANCEVAR~BLES 

a. Temperature: Within the FLOTOX technology, tem
perature has an inverse effect on the endurance of a 
EEPROM device. The activation energy of these cycling 
failures is approximately 0.15 eV. The long term trap up 
portion of the curve is worsened by temperature to a 
greater extent than the early fails due to the difficult 
failure mechanisms that are activated. 

b. Delay between cycles: This has been reported in the 
industry as having an enhanced effect on the lifetime of 
EEPROM devices. For some technologies this does 
have a positive effect, however, this is not strictly the 
case for FLOTOX manufacturers. While the second 
failure rate increase period (associated with end of life) 
may be impacted by this due to a decreased rate of 
electron trapping, the first failure rate is actually not 
impacted by this variable. 

c. Write timing The decrease in write time to the device 
correlates directly with write/erase cycling failure rate of 
the device. This shorter pulse reduces the cell time at 
voltage which then provides an enhanced life prior to the 
occurrence of a time dependent oxide breakdown. It 
also passes fewer electrons through the oxide providing 
less potential trapping possibilities while maintaining 
adequate margins for the wrttten state. 

Please note that the rise time of the signal, which the 
customer does not have control over is also a dominant 
effect. 

d. Vee voltage The higher voltages generate higher 
fields within the device. This causes more stress which 
is offset by the operational increase of internal timers 
and actually shortens the write time of the device. 

Lower voltages this has the opposite effects on the 
individual parameters except in cycles obviously where 
the write timer is externally controlled. This overall effect 
is minor compared to the others in magnitude on the 
failure rate curve and is variable over the customer 
operating range with a maximum at Vce=5.5 Volts. 

e. Pattern effect The pattern that is programmed in the 
device does play a first order role in the overall lifetime. 
The act of programming a non-volatile memory inflicts 
damage on the device that cannot be repaired. This 
damage is the result of exposure to high electric fields 
which over a period of time either breakdown or trap up 
the effected oxide causing failures. The act of writing a 
cell from a one to a zero provides the maximum amount 
of stress by exercising the charge pump and passing 
electrons through the tunnel dielectric. (Please note that 
to write a zero even from a zero state causes an 
automatic byte erase prior to the write converting the bit 
to a one and returning it to it's original state!) Conversely 
writing a one from a one then passes no charge through 
the cell and therefore does no damage to the cell but 
does stress the charge pump. 

From an array standpoint, this would allow a checker
board/ inverse checkerboard patterned device to en
dure twice the number of write cycles that an all zero 
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patterned device would last. In general this appears to 
be approximately correct but does neglect the charge 
pump and other peripheral wearout mechanisms. 

f. Cycling mode Three modes exist in Microchip de
vices that are primarily used for endurance evaluations. 
The byte write mode (one single byte written at a time) 
is the standard mode used by the customer in the field 
as well as the method of monitoring that has been 
chosen internally. This is to best estimate field lifetime 
expectations and actual failure rates. A second tech
nique exists called block mode which exercises all the 
cells of the array simultaneously. The lifetime expecta
tions are approximately twice as long for these block 
cycled devices as equivalently cycled byte cycled cir
cuits based on experimental findings. This effect has 
been traced back to the rise time of the programming 
signal at the memory cell. The faster this voltage rise 
occurs, the more damage occurs and the shorter the 
lifetime. The block mode has a much slower rise time 
given the entire array being utilized provides a much 
larger resistive/capacitive load which slows the signal 
rise ultimately resulting in the greater lifetime. Please 
note that the page mode which can be utilized by the 
customers falls between the block and byte modes with 
respect to failure rate. 

g. Array Size This effect is a direct result of how fast 
most devices will fail due to a single bit not working 
simply due to the number of bits involved. This is not 
exactly double the failure rate with a doubling of the 
memory size since some circuits fail within the charge 
pump or decoding circuitry sections and are therefore 
not directly related to array size. 

0521055A-page 3 
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FIELD RESULTS 

Microchip Technology, after significant experimenta
tion, has developed a model of the Endurance failure 
rates as a function of all the variables listed above. This 
model is available to the customer in the form of a 
diskette called Total Endurancem. This allows the cus
tomer to bypass confusing information and conditions 
other than their application and directly predict the 
failures seen in their application conditions within a few 
percent. This also allows the customer to adjust operat
ing parameters and immediately evaluate the impact on 
the results of the final system. Results for a typical 
application (obtained from the Total Endurance model 
are listed at right for reference). 
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Application Cum 
Device Life Percent 

24C02A 10 years 1 PPM 

24C04A 10 years 2PPM 

93C46 10 years 1 PPM 

93C56 10 years 1 PPM 

24LC02B 10 years 1 PPM 

24LC04B 10 years 1 PPM 

24LC16B 10 years 512 PPM 

93LC46B 10 years 1 PPM 

93LC56B 10 years 1 PPM 

Typical conditions used are 25°C, Byte mode operation 
with 24 cycles per day, Vcc=4.5 Volts with a random 
pattern writing one quarter of the array at each occasion. 
The failure rates quoted are the expected failure rate at 
the end of the application life using an unlimited number 
of read cycles. For more information on Endurance, it is 
recommended that the user obtain a copy of Total 
Endurance. 

© 1994 Microchip Technology Inc. 
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MICROCHIP PACKAGING 
Commercial/Industrial Outlines and Parameters 

COMMERCIAL AND INDUSTRIAL PARTS 
Part Number Suffix Designations: 
XXXXXXXXXX - XX X IX X XXX 

I L ROM Code or Special Requirements 

L Case Outline 
D = Ceramic 
J = Cerdip (with window if EPROM) - all product except Microcontrollers 
K = LCC (Ceramic Leadless Chip Carrier, not thermally enhanced) 
L = PLCC (Plastic Leaded Chip Carrier) 
P = Plastic 
S = Die in Waffle Pack 
W = Die in Wafer Form 
CB = COB (Chip-On-Board) 
JN = Cerdip, no window - for Microcontrollers only 
JW = Cerdip, windowed - for Microcontrollers only 
PQ = PQFP 
SJ = Skinny Cerdip 
SL = 14-Lead Small Outline .150 mil 
SM = Small Outline .207 mil 
SN = Small Outline .150 mil 
SO = Small Outline .300 mil 
SP = Skinny Plastic Carrier 
SS = Shrink Small Outline Package 
TS = Thin Small Outline (TSOP) Bmm x 20mm 
VS = Very Small Outline (VSOP) Bx 13mm 

Process Temperature 
Blank = 0°C to +70°C 
I = -40°C to +B5°C 
E = -40°Cto+125°C 

Speed 
(EPROM I High 
Density EEPROM) 

Frequency 

-55 = 55 ns Blank 
-70 = 70 ns -14 
-90 = 90 ns -25 
-10 = 100 ns -32 

= 20.5 MHz 
= 14.4 MHz 
= 25.6 MHz 
= 32.B MHz 

-12 = 120 ns 
-15 = 150 ns 
-17 = 170 ns 
-20 = 200 ns 
-25 = 250 ns 

----OPTION 
= twc=1 ms 

F = tWC=200µs 
X = Rotated pinout 
T = Tape and Reel 

-------Device Type (Up To 10 Digits) 
C = Indicates CMOS 
LC = Indicates Low Power CMOS 
AA = 1.BV 
LV = Low Voltage 
HC = High Speed 
LCS = Low Power Security 

© 1994 Microchip Technology Inc. 
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Crystal Frequency Designator 
for PIC16/17 Mlcrocontrollers 

LP = 4 µs - Low Power 
RC = 2 µs - Resistor Capacitor 
XT = 1 µs - Crystal 
HS = 20 MHz - High Speed Crystal 
-10 = 10 MHz - High Speed Crystal 
-04 = 4 MHz - Crystal or RC 
-16 = 16 MHz - High Speed Crystal 
-20 = 20 MHz - High Speed Crystal 
-25 = 25 MHz - High Speed Crystal 

Examples: 

27C256T-151/J 
PIC16C54-RCl/SO 

DS00049E 
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MICROCHIP 

Packaging Diagrams and Parameters 

Ceramic Side Brazed Dual In-line Family 

Symbol List for Ceramic Side Brazed Dual In-line Package Parameters 

Symbol Description of Parameters 

a. Angular spacing between min. and max. lead positions measured at the gauge plane 

A Distance between seating plane to highest point of body (lid) 

A1 Distance between seating plane and base plane 

A2 Distance from base plane to highest point of body (lid) 

A3 Base body thickness 

B Width of terminal leads 

61 Width of terminal lead shoulder which locate seating plane (standoff geometry optional) 

c Thickness of tenninal leads 

D Largest overall package parameter of length 

D1 Body length parameter - end lead center to end lead center 

E Largest overall package width parameter outside of lead 

E1 Body width parameters not including leads 

eA Linear spacing of true minimum lead position center line to center line 

es Linear spacing between true lead position outside of lead to outside of lead 

e1 Linear spacing between center lines of body standoffs (terminal leads) 

L Distance from seating plane to end of lead 

N Total number of potentially usable lead positions 

s Distance from true position center line of Number 1 lead to the extremity of the body 

S1 Distance from other end lead edge positions to the extremity of the body 

Notes: 
1. Controlling parameter: inches. 
2. Parameter "e1" ("e") is non-cumulative. 
3. Seating plane (standoff) is defined by board hole size. 
4. Parameter "B," is nominal. 

m 
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Packaging Diagrams and Parameters 

Package Type: 8-Lead Ceramic Side Brazed Dual In-line (300 mil) 

N DITT 
E1 E 

PinNo.1- lj_ I 
Indicator ~ 

C--+ 

Area 

Package Group: Ceramic Side Brazed Dual In-line (CER) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a oo 10° oo 10° 

A 3.302 3.937 0.130 0.155 

A1 0.635 1.143 0.025 0.045 

A2 2.032 2.794 0.080 0.110 

A3 1.778 2.413 0.070 0.095 

B 0.4064 0.508 0.016 0.020 

B1 1.3716 1.3716 Typical 0.054 0.054 Typical 

c 0.2286 0.3048 Typical 0.009 0.012 Typical 

D 13.0048 13.4112 0.512 0.528 

01 7.4168 7.8232 Reference 0.292 0.308 Reference 

E 7.5692 8.2296 0.298 0.324 

E1 7.112 7.620 0.280 0.300 

e1 2.540 2.540 Typical 0.100 0.100 Typical 

BA 7.620 7.620 Reference 0.300 0.300 Reference 

es 7.620 9.652 0.300 0.380 

L 3.302 3.810 0.130 .150 

N 8 8 8 8 

s 2.540 3.048 0.100 0.120 

S1 0.127 - .005 -
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Packaging Diagrams and Parameters 

Package Type: 14-Lead Ceramic Side Brazed Dual In-line (300 mil) 

N 

Package Group: Ceramic Side Brazed Dual In-line (CER) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

ex oo 10° oo 10° 

A 3.302 4.064 0.130 0.160 

A1 0.635 1.143 0.025 0.045 

A2 2.032 2.794 0.080 0.110 

A3 1.778 2.413 0.070 0.095 

B 0.4064 0.508 0.016 0.020 

B1 1.270 1.270 Typical 0.050 0.050 Typical 

c 0.2032 0.3048 Typical 0.008 0.012 Typical 

D 18.796 19.2278 0.740 0.757 

D1 15.0368 15.4432 Reference 0.592 0.608 Reference 

E 7.620 8.382 0.300 0.330 

E1 7.0612 7.5692 0.278 0.298 

e1 2.3622 2.7432 Typical 0.093 0.108 Typical Ill 
eA 7.366 7.874 Reference 0.290 0.310 Reference 

eB 7.620 9.652 0.300 0.380 

L 3.175 4.191 0.125 0.165 

N 14 14 14 14 

s - 2.4892 - 0.098 

S1 0.127 - 0.005 -
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Packaging Diagrams and Parameters 

Package Type: 16-Lead Ceramic Side Brazed Dual In-line (300 mil) 

Area 

Symbol 

a 
A 

A1 
A2 
A3 
B 

B1 
c 
D 

D1 

E 

E1 

e1 
eA 
68 

L 

N 

s 
51 

DS00049E 

N 

l a_.,, 
II 

c 

Packqe Gro~ Ceramic Side Brazed Dual ln-lineJ_CER}_ 
Millimeters Inches 

Min Max Notes Min Max Notes 

oo 10° oo 10° 

3.302 4.064 0.130 0.160 

0.635 1.143 0.025 0.045 

2.032 2.794 0.080 0.110 

1.778 2.413 0.070 0.095 

0.4064 0.508 0.016 0.020 

1.3716 1.3716 Typical 0.054 0.054 Typical 

0.2286 0.3048 Typical 0.009 0.012 Typical 

19.812 20.574 0.780 0.810 

17.653 17.907 Reference 0.695 0.705 Reference 

7.620 8.382 0.300 0.330 

7.1628 7.4676 0.282 0.294 

2.413 2.667 Typical 0.095 0.105 Typical 

7.366 7.874 Reference 0.290 0.310 Reference 

7.620 9.652 0.300 0.380 

3.175 4.191 0.125 0.165 

16 16 16 16 

- 2.032 - 0.080 

0.127 - 0.005 -
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Packaging Diagrams and Parameters 

Package Type: 18-Lead Ceramic Side Brazed Dual In-line (300 mil) 

N 

a.-,: c 
II \\ 

Pin No. 1 ___. 
Indicator "'l"''Pr::l""l:"-n:::rr-:n:~"'l'"l:::r'i:::T ~::~ Area 

Base 
Plane'---

Seating 
Plane 

o--~ 

'-~ 
I =sTTTI 

___. e1 11~ A1 A3 A A2 

01 I 

Packl!S_e Gro~ Ceramic Side Brazed Dual In-line JCEF!l_ 

Millimeters Inches 

Symbol Min Max Notes Min Max 

a. oo 10° oo 10° 

A 3.302 4.064 0.130 0.160 

A1 0.635 1.143 0.025 0.045 

A2 2.032 2.794 0.080 0.110 

A3 1.778 2.413 0.070 0.095 

B 0.4064 0.508 0.016 0.020 

81 1.3716 1.3716 Typical 0.054 0.054 

c 0.2286 0.3048 Typical 0.009 0.012 

0 22.352 23.114 0.880 0.910 

01 20.193 20.447 Reference 0.795 0.805 

E 7.620 8.382 0.300 0.330 

E1 7.0612 7.5692 0.278 0.298 

e1 2.413 2.667 Typical 0.095 0.105 

eA 7.366 7.874 Reference 0.290 0.310 

es 7.620 9.652 0.300 0.380 

L 3.175 4.191 0.125 0.165 

N 18 18 18 18 

s - 2.4892 - 0.098 

S1 0.127 - 0.005 -
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Packaging Diagrams and Parameters 

Package Type: 22-Lead Ceramic Side Brazed Dual In-line (400 mil) 

Base 

Plane~ 

Seaiing 
Plane 

DS00049E 

Symbol 

a. 

A 

Ai 

A2 

A3 

B 

B1 

c 
D 

01 

E 

Ei 

ei 

eA 

es 

L 

N 

s 
S1 

Package Group: Ceramic Side Brazed Dual In-line (CEA) 

Millimeters Inches 

Min Max Notes Min Max Notes 

oo 10° oo 10° 

2.667 4.064 0.105 0.160 

0.7112 1.2192 0.028 0.048 

2.032 3.302 0.080 0.130 

1.778 2.921 0.070 0.115 

0.4318 0.5842 0.017 0.023 

1.016 1.016 Typical 0.040 0.040 Typical 

0.2286 0.3048 Typical 0.009 0.012 Typical 

27.1526 27.8638 1.069 1.091 

25.2968 25.6032 Reference 0.992 1.008 Reference 

10.160 10.922 0.400 0.430 

9.7282 9.9822 0.383 0.393 

2.3368 2.7432 Typical 0.092 0.108 Typical 

9.906 10.414 Reference 0.390 0.410 Reference 

10.160 12.192 0.400 0.480 

3.175 4.191 0.125 0.165 

22 22 22 22 

- 2.032 - 0.080 

0.127 - 0.005 -

© 1994 Microchip Technology Inc. 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 24-Lead Ceramic Side Brazed Dual In-line (600 mil) 

Package Group: Ceramic Side Brazed Dual In-line (CEA) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a. oo 10° oo 10° 

A 3.048 4.445 0.120 0.175 

A1 1.016 1.524 0.040 0.060 

A2 2.032 2.921 0.080 0.115 

As 1.778 2.540 0.070 0.100 

B 0.4064 0.508 0.016 0.020 

B1 1.270 1.270 Typical 0.050 0.050 Typical 

c 0.2286 0.3048 Typical 0.009 0.012 Typical 

D 30.1752 30.7848 1.188 1.212 

01 27.7368 28.1432 Reference 1.092 1.108 Reference 

E 14.986 16.002 0.590 0.630 

E1 14.7828 14.9352 0.582 0.588 

91 2.3368 2.7432 Typical 0.092 0.108 Typical m 
9A 14.986 15.748 Reference 0.590 0.620 Reference 

eB 14.986 16.256 0.590 0.640 

L 3.302 4.064 0.130 0.160 

N 24 24 24 24 

s - 2.540 - 0.100 

S1 0.127 - 0.005 -

© 1994 Microchip Technology Inc. DS00049E 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 24-Lead Ceramic Side Brazed Dual In-line with Window (600 mil) 

Package Group: Ceramic Side Brazed Dual In-line (CEA) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

(J. oo 10° oo 100 

A 3.048 4.445 0.120 0.175 

A1 1.016 1.524 0.040 0.060 

A2 2.032 2.921 0.080 0.115 

A3 1.778 2.540 0.070 0.100 

B 0.4064 0.508 0.016 0.020 

B1 1.270 1.270 Typical 0.050 0.050 Typical 

c 0.2286 0.3048 Typical 0.009 0.012 Typical 

D 30.1752 30.7848 1.188 1.212 

01 27.7368 28.1432 Reference 1.092 1.108 Reference 

E 14.986 16.002 0.590 0.630 

E1 14.7828 14.9352 0.582 0.588 

01 2.3368 2.7432 Typical 0.092 0.108 Typical 

0A 14.986 15.748 Reference 0.590 0.620 Reference 

es 14.986 16.256 0.590 0.640 

L 3.302 4.064 0.130 0.160 

N 24 24 24 24 

s - 2.540 - 0.100 

S1 0.127 - 0.005 -

DS00049E © 1994 Microchip Technology Inc. 
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Packaging Diagrams and Parameters 

Package Type: 28-Lead Ceramic Side Brazed Dual In-line (600 mil) 

Area 

I (l___.,, 
II 

Package Group: Ceramic Side Brazed Dual In-line (CEA) 

Millimeters Inches 

Symbol Min Max Notes Min Max 
(l oo 100 oo 10° 

A 3.048 4.064 0.120 0.160 

A1 1.016 1.524 0.040 0.060 

A2 2.032 2.921 0.080 0.115 

Aa 1.778 2.540 0.070 0.100 

B 0.4572 0.508 O.Q18 0.020 

B1 1.270 1.270 Typical 0.050 0.050 

c 0.2286 0.3048 Typical 0.009 0.012 

D 35.2044 35.9156 1.386 1.414 

01 32.8168 33.2232 Reference 1.292 1.308 

E 14.986 16.002 0.590 0.630 

E1 14.7828 15.1892 0.582 0.598 

01 2.4892 2.5908 Typical 0.098 0.102 

BA 14.986 15.494 Reference 0.590 0.610 

ee 14.986 16.256 0.590 0.640 

L 3.302 4.064 0.130 0.160 

N 28 28 28 28 

s - 2.540 - 0.100 

S1 0.127 - 0.005 -

© 1994 Microchip Technology Inc. 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 28-Lead Ceramic Side Brazed Dual In-line with Window (600 mil) 

N 

Package Group: Ceramic Side Brazed Dual In-line (CEA) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a. oo 100 oo 10° 

A 3.048 4.064 0.120 0.160 

Ai 1.016 1.524 0.040 0.060 

A2 2.032 2.921 0.080 0.115 

A3 1.778 2.540 0.070 0.100 

B 0.4572 0.508 0.018 0.020 

B1 1.270 1.270 Typical 0.050 0.050 Typical 

c 0.2286 0.3048 Typical 0.009 0.012 Typical 

D 35.2044 35.9156 1.386 1.414 

01 32.8168 33.2232 Reference 1.292 1.308 Reference 

E 14.986 16.002 0.590 0.630 

E1 14.7828 15.1892 0.582 0.598 

01 2.4892 2.5908 Typical 0.098 0.102 Typical 

eA 14.986 15.494 Reference 0.590 0.610 Reference 

eB 14.986 16.256 0.590 0.640 

L 3.302 4.064 0.130 0.160 

N 28 28 28 28 

s - 2.540 - 0.100 

S1 0.127 - 0.005 -

DS00049E © 1994 Microchip Technology Inc. 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 40-Lead Ceramic Side Brazed Dual In-line (600 mil) 

Packa~ Gro~ Ceramic Side Brazed Dual ln-lineJ.CER_l 
Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a oo 10° oo 10° 

A 3.048 4.445 0.120 0.175 

A1 1.016 1.524 0.040 0.060 

A2 2.032 2.921 0.080 0.115 

A3 1.829 2.235 .072 .088 

B 0.4064 0.508 O.Q16 0.020 

81 1.270 1.270 Typical 0.050 0.050 Typical 

c 0.2286 0.3048 Typical 0.009 0.012 Typical 

D 50.546 51.308 1.990 2.020 

01 48.056 48.463 Reference 1.892 1.908 Reference 

E 15.240 16.256 0.600 0.640 

E1 14.478 15.748 0.570 0.620 

81 2.3368 2.7432 Typical 0.092 0.108 Typical Ill 
8A 15.240 15.240 Reference 0.600 0.600 Reference 

eB 14.986 16.256 0.590 0.640 

L 3.302 4.064 0.130 0.160 

N 40 40 40 40 

s - 2.4892 - 0.098 

S1 0.127 - 0.005 -

© 1994 Microchip Technology Inc. DS00049E 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 40-Lead Ceramic Side Brazed Dual In-line with Window (600 mil) 

N 

Area 

Symbol 

a 

A 

A1 

A2 

A3 

B 

81 

c 
D 

01 

E 

E1 

01 

SA 

eB 

L 

N 

s 
S1 

DS00049E 

~ a__.,, 
II \\ 

Package Group: Ceramic Side Brazed Dual In-line (CER) 

Millimeters Inches 

Min Max Notes Min Max Notes 

oo 10° oo 10° 

3.048 4.445 0.120 0.175 

1.016 1.524 0.040 0.060 

2.032 2.921 0.080 0.115 

1.829 2.235 .072 .088 

0.4064 0.508 0.016 0.020 

1.270 1.270 Typical 0.050 0.050 Typical 

0.2286 0.3048 Typical 0.009 0.012 Typical 

50.546 51.308 1.990 2.020 

48.056 48.463 Reference 1.892 1.908 Reference 

15.240 16.256 0.600 0.640 

14.478 15.748 0.570 0.620 

2.3368 2.7432 Typical 0.092 0.108 Typical 

15.240 15.240 Reference 0.600 0.600 Reference 

14.986 16.256 0.590 0.640 

3.302 4.064 0.130 0.160 

40 40 40 40 

- 2.4892 - 0.098 

0.127 - 0.005 -

© 1994 Microchip Technology Inc. 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 48-Lead Ceramic Side Brazed Dual In-line (600 mil) 

Package Group: Ceramic Side Brazed Dual In-line (CER) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a oo 10° oo 10° 

A 3.048 4.445 0.120 0.175 

A1 1.016 1.524 0.040 0.060 

A2 2.032 2.921 0.080 0.115 

A3 1.829 2.235 0.072 0.088 

B 0.4064 0.508 0.016 0.020 

B1 1.270 1.270 Typical 0.050 0.050 Typical 

c 0.2286 0.3048 Typical 0.009 0.012 Typical 

D 60.3504 61.5696 2.376 2.424 

D1 58.2168 58.6232 Reference 2.292 2.308 Reference 

E 15.240 16.256 0.600 0.640 

E1 14.478 15.748 0.570 0.620 

01 2.3368 2.7432 Typical 0.092 0.108 Typical Ill 
0A 15.240 15.290 Reference 0.600 0.600 Reference 

eB 14.986 16.256 0.590 0.640 

L 3.302 4.064 0.130 0.160 

N 48 48 48 48 

s - 2.4892 - 0.100 

S1 0.127 - 0.005 -

© 1994 Microchip Technology Inc. DS00049E 
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MICROCHIP 

Packaging Diagrams and Parameters 

Ceramic Cerdip Dual In-line Family 

Symbol List for Ceramic Cerdip Dual In-line Package Parameters 

Symbol Description of Parameters 

(J. Angular spacing between min. and max. lead positions measured at the gauge plane 

A Distance between seating plane to highest point of body (lid) 

A1 Distance between seating plane and base plane 

A2 Distance from base plane to highest point of body (lid) 

As Base body thickness 

B Width of terminal leads 

81 Width o! terminal lead shou!der which locate seating p!ane (standoff geometry optional) I 
c Thickness of terminal leads 

D Largest overall package parameter of length 

Di Body length parameter - end lead center to end lead center 

E Largest overall package width parameter outside of lead 

E1 Body width parameters not including leads 

eA Linear spacing of true minimum lead position center line to center line 

es Linear spacing between true lead position outside of lead to outside of lead 

e1 Linear ~aci1!9._ between center lines of boc!Y_ standoffs j!erminal lead~ 

L Distance from seating_Q!ane to end of lead 

N Total number of potentially usable lead positions 

s Distance from true position center line of Number 1 lead to the extremity of the body 

S1 Distance from other end lead edge positions to the extremity of the body 

Notes: 
1. Controlling parameter: inches. 
2. Parameter "e1" ("e") is non-cumulative. 
3. Seating plane (standoff) is defined by board hole size. 
4. Parameter "B1" is nominal. 

. DS00049E © 1994 Microchip Technology Inc. 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 8-Lead Cerdip Dual In-line (300 mil) 

a ....._..,: i-------11' 

II \\ 

Pack'!S_e GroUf!= Ceramic Cerdil!_ Dual ln-line_iCDF'}_ 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a oo 100 oo 10° 

A - 5.080 - 0.200 

A1 0.381 1.524 0.015 0.060 

A2 - - Ref. A3 - - Ref. A3 

Aa 3.810 4.445 0.150 0.175 

B 0.3556 0.5843 0.014 0.023 

B1 1.270 1.651 Typical 0.050 0.065 Typical 

c 0.2032 0.381 Typical 0.008 0.015 Typical 

D 9.398 10.287 0.370 0.405 

D1 7.620 7.620 Reference 0.300 0.300 Reference 

E 7.620 8.255 0.300 0.325 

E1 5.588 7.874 0.220 0.310 

91 2.540 2.540 Typical 0.100 0.100 Typical Ill 
9A 7.366 8.128 Referemce 0.290 0.320 Reference 

eB 7.620 10.160 0.300 0.400 

L 3.175 3.810 0.125 0.150 

N 8 8 8 8 

s 0.508 1.397 0.020 0.055 

S1 0.381 1.270 0.015 0.050 

© 1994 Microchip Technology Inc. DS00049E 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 16-Lead Ceramic Cerdip Dual In-line (300 mil) 

N 

Area 

Package Group: Ceramic Cerdip Dual In-line (CDP) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a oo 10° oo 10° 

A 4.191 5.080 0.165 0.200 

A1 0.381 1.524 0.015 0.060 

A2 - - Ref. A3 - - Ref. A3 

A3 3.810 4.445 0.150 0.175 

B 0.3556 0.5842 0.014 0.023 

B1 1.270 1.651 Typical 0.050 0.065 Typical 

c 0.2032 0.381 Typical 0.008 0.015 Typical 

D 19.050 20.320 0.750 0.800 

01 17.780 17.780 Reference 0.700 0.700 Reference 

E 7.493 8.255 0.295 0.325 

E1 5.588 7.874 0.220 0.310 

e1 2.540 2.540 Typical 0.100 0.100 Typical 

9A 7.366 8.128 Reference 0.290 0.320 Reference 

98 7.62 10.160 0.300 0.400 

L 3.175 3.810 0.125 0.150 

N 16 16 16 16 

s 5.08 1.397 0.020 0.055 

S1 0.381 1.270 0.015 0.050 

DS00049E © 1994 Microchip Technology Inc. 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 18-Lead Ceramic Cerdip Dual In-line (300 mil) 

Pack~e Group: Ceramic Cerdip Dual In-line (CDP) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a oo 10° oo 10° 

A - 5.080 - 0.200 

A1 0.381 1.778 O.Q15 0.070 

A2 - - Ref. A3 - - Ref. A3 

A3 3.810 4.445 0.150 0.175 

B 0.3556 0.5842 0.014 0.023 

B1 1.270 1.651 Typical 0.050 0.065 Typical 

c 0.2032 0.381 Typical 0.008 0.015 Typical 

D 22.352 23.622 0.880 0.930 

D1 20.320 20.320 Reference 0.800 0.800 Reference 

E 7.620 8.382 0.300 0.330 

E1 5.588 7.874 0.220 0.310 

e1 2.540 2.540 Reference 0.100 0.100 Reference Ill 
0A 7.366 8.128 Typical 0.290 0.320 Typical 

es 7.62 10.160 0.300 0.400 

L 3.175 3.810 0.125 0.150 

N 18 18 18 18 

s .508 1.397 0.020 0.055 

S1 0.381 1.270 0.015 0.050 

© 1994 Microchip Technology Inc. DS00049E 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 18-Lead Cerdip Dual In-line with Window (300 mil) 

N 

Area 

Symbol 

a 
A 
A1 
A2 
A3 
B 
B1 
c 
D 

01 

E 
E1 

91 

eA 

eB 

L 

N 

s 
S1 

DS00049E 

a-.........,: 1-------t 
II 

II 

1 .. 

Packl!S_e Gro~ Ceramic Cerd!e_Dual ln-lineJ_CDP_l 
Millimeters Inches 

Min Max Notes Min Max Notes 

oo 100 oo 10° 

- 5.080 - 0.200 

0.381 1.7780 0.015 0.070 

3.810 4.699 0.150 0.185 

3.810 4.445 0.150 0.175 

0.3556 0.5842 0.014 0.023 

1.270 1.651 Typical 0.050 0.065 Typical 

0.2032 0.381 Typical 0.008 O.D15 Typical 

22.352 23.622 0.880 0.930 

20.320 20.320 Reference 0.800 0.800 Reference 

7.620 8.382 0.300 0.330 

5.588 7.874 0.220 0.310 

2.540 2.540 Reference 0.100 0.100 Reference 

7.366 8.128 Typical 0.290 0.320 Typical 

7.620 10.160 0.300 0.400 

3.175 3.810 0.125 0.150 

18 18 18 18 

0.508 1.397 0.020 0.055 

0.381 1.270 0.015 0.050 

© 1994 Microchip Technology Inc. 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 22-Lead Ceramic Cerdip Dual In-line (400 mil) 

N 

OrlTI 
~~~~~~:~ ~~_bl 

a......_,: i-------n' 
II \\ 

Area 

s~"""1------- D 

-1--------~ --------~ ---~~-

kJ A 

Pack"'-9._e Gro~ Ceramic Cerdip_ Dual In-line _iCD~ 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a oo 10° oo 10° 

A - 5.715 - 0.225 

A1 0.381 1.778 0.015 0.070 

A2 - - Ref. A3 - - Ref. A3 

A3 3.810 4.445 0.150 0.175 

B 0.3556 0.5842 0.014 0.023 

81 1.270 1.651 Typical 0.050 0.065 Typical 

c 0.2032 0.381 Typical 0.008 0.015 Typical 

D 26.670 27.940 1.050 1.100 

01 25.400 25.400 Reference 1.000 1.000 Reference 

E 10.160 10.922 0.400 0.430 

E1 8.890 10.414 0.350 0.410 

01 2.540 2.540 Reference 0.100 0.100 Reference m 
0A 9.906 10.668 Typical 0.390 0.420 Typical 

08 10.160 12.700 0.400 0.500 

L 3.175 3.810 0.125 0.150 

N 18 18 22 22 

s - 1.270 - 0.050 

S1 0.127 1.270 0.005 0.050 

© 1994 Microchip Technology Inc. DS00049E 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 24-Lead Ceramic Cerdip Dual In-line (300 mil) 

Pack~e Gro~ Ceramic Cerdll>_ Dual In-line _iCDPl_ 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a. o· 10· o· 10· 

A - 5.715 - 0.225 

A1 0.381 1.905 O.Q15 0.075 

A2 - - Ref. A3 - - Ref. A3 

A3 3.810 4.445 0.150 0.175 

B 0.3556 0.5842 0.014 0.023 

81 1.270 1.651 Typical 0.050 0.065 Typical 

c 0.203 0.381 Typical 0.008 0.015 Typical 

D 31.115 32.385 1.225 1.275 

01 27.940 27.940 Reference 1.100 1.100 Reference 

E 7.620 8.382 0.300 0.330 

E1 5.588 7.874 0.220 0.310 

e1 2.540 2.540 Reference 0.100 0.100 Reference 

9A 7.366 8.128 Typical 0.290 0.320 Typical 

ee 7.62 11.43 0.300 0.450 

L 3.175 3.810 0.125 0.150 

N 24 24 24 24 

s 1.016 2.286 0.040 0.090 

S1 0.381 1.778 0.015 0.070 

DS00049E © 1994 Microchip Technology Inc. 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 24-Lead Ceramic Cerdip Dual In-line with Window (300 mil) 

N 

Area 

Packa~ Gro'!e: Ceramic Cerd!e_ Dual In-line J_CD~ 
Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a oo 10° oo 10° 

A - 5.715 - 0.225 

A1 0.381 1.905 0.015 0.075 

A2 3.810 4.699 0.150 0.185 

A3 3.810 4.445 0.150 0.175 

B 0.3556 0.5842 0.014 0.023 

B1 1.270 1.651 Typical 0.050 0.065 Typical 

c 0.2032 0.381 Typical 0.008 O.D15 Typical 

D 31.115 32.385 1.225 1.275 

01 27.940 27.940 Reference 1.100 1.100 Reference 

E 7.620 8.382 0.300 0.330 

E1 5.588 7.874 0.220 0.310 

91 2.540 2.540 Reference 0.100 0.100 Reference m 
9A 7.366 8.128 Typical 0.290 0.320 Typical 

98 7.620 11.43 0.300 0.450 

L 3.175 3.810 0.125 0.150 

N 24 24 24 24 

s 1.016 2.286 0.040 0.090 

$1 0.381 1.778 0.015 0.070 

C 1994 Microchip Technology Inc. DS00049E 



MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 24-Lead Ceramic Cerdip Dual In-line (600 mil) 

N 

\\ 

" DOTI 
Pin_No.1___.. . l_ I ~: ~ 
Indicator .::!::..i.. 
Area 

S-•r 0 ~ B Bs';if;f 
~~--~ AIA:F 'L 1 l t 

u-re1~ A1 A3A 

------- 01------...i 

Package Group: Ceramic Cerdill Dual In-line (CDP) 

Millimeters Inches 

Symbol Min Max Notes Min Max 

a. oo 100 oo 10° 

A - 5.715 - 0.225 

A1 0.381 1.905 O.D15 0.075 

A2 - - Ref. A3 - -
A3 3.810 4.445 0.150 0.175 

B 0.3556 0.5842 0.014 0.023 

B1 1.270 1.651 Typical 0.050 0.065 

c 0.2032 0.381 Typical 0.008 0.015 

D 31.115 32.385 1.225 1.275 

01 27.940 27.940 Reference 1.100 1.100 

E 15.240 15.875 0.600 0.625 

El 12.954 15.240 0.510 0.600 

61 2.540 2.540 Reference 0.100 0.100 

SA 14.986 15.748 Typical 0.590 0.620 

68 15.240 18.034 0.600 0.710 

L 3.175 3.810 0.125 0.150 

N 24 24 24 24 

s 1.016 2.286 0.040 0.090 

S1 0.381 1.778 0.015 0.070 

Notes 

Ref. A3 

Typical 

Typical 

Reference 

Reference 

Typical 

DS00049E © 1994 Microchip Technology Inc. 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 24-Lead Ceramic Cerdip Dual In-line with Window (600 mil) 

N 

a.'--': 
II \\ 

II \\ 

I-·_:~ 
Area 

Pack1!9_e Gro~ Ceramic Cerd_!E Dual ln-line_(CDP) 
Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a. oo 10° oo 10° 

A - 5.715 - 0.225 

Ai 0.381 1.905 0.015 0.075 

A2 3.810 4.699 0.150 0.185 

Aa 3.810 4.445 0.150 0.175 

B 0.3556 0.5842 0.014 0.023 

81 1.270 1.651 Typical 0.050 0.065 Typical 

c 0.203 0.381 Typical 0.008 0.015 Typical 

D 31.115 32.385 1.225 1.275 

D1 27.940 27.940 Reference 1.100 1.100 Reference 

E 15.240 15.875 0.600 0.625 

Ei 12.954 15.240 0.510 0.600 

e1 2.540 2.540 Reference 0.100 0.100 Reference Ill 
eA 14.986 15.748 Typical 0.590 0.620 Typical 

es 15.240 18.034 0.600 0.710 

L 3.175 3.810 0.125 0.150 

N 24 24 24 24 

s 1.016 2.286 0.040 0.090 

S1 0.381 1.778 0.015 0.070 

© 1994 Microchip Technology Inc. DS00049E 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 28-Lead Ceramic Cerdip Dual In-line (600 mil) 

Pack~e Gro~ Ceramic Cerd!_p Dual ln-lineJ_CD~ 
Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

n oo 10° oo 10° 

A - 5.461 - 0.215 

A1 0.381 1.524 O.Q15 0.060 

A2 - - Ref. A3 - - Ref. A3 

Aa 3.810 4.445 0.150 0.175 

B 0.3556 0.5842 0.014 0.023 

61 1.270 1.651 Typical 0.050 0.065 Typical 

c 0.2032 0.381 Typical 0.008 0.015 Typical 

D 36.195 37.465 1.425 1.475 

01 33.020 33.020 Reference 1.300 1.300 Reference 

E 15.240 15.875 0.600 0.625 

E1 12.954 15.240 0.510 0.600 

01 2.540 2.540 Reference 0.100 0.100 Reference 

0A 14.986 15.748 Typical 0.590 0.620 Typical 

08 15.240 18.034 0.600 0.710 

L 3.175 3.810 0.125 0.150 

N 28 28 28 28 

s 1.016 2.286 0.040 0.090 

S1 0.381 1.778 O.Q15 0.070 

DS00049E © 1994 Microchip Technology Inc. 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 28-Lead Ceramic Cerdip Dual In-line with Window (600 mil) 

N 

Area 

Packl!9._e Gro'!E! Ceramic Cerd!E._ Dual In-line J_CDP.1_ 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

Cl. oo 10° oo 10° 

A - 5.461 - 0.215 

A1 0.381 1.524 0.015 0.060 

A2 3.810 4.699 0.150 0.185 

A3 3.810 4.445 0.150 0.175 

B 0.3556 0.5842 0.014 0.023 

81 1.270 1.651 Typical 0.050 0.065 Typical 

c 0.2032 0.381 Typical 0.008 0.015 Typical 

D 36.195 37.465 1.425 1.475 

01 33.020 33.020 Reference 1.300 1.300 Reference 

E 15.240 15.875 0.600 0.625 

E1 12.954 15.240 0.510 0.600 

01 2.540 2.540 Typical 0.100 0.100 Typical Ill 
eA 14.986 15.748 Reference 0.590 0.620 Reference 

eB 15.240 18.034 0.600 0.710 

L 3.175 3.810 0.125 0.150 

N 28 28 28 28 

s 1.016 2.286 0.040 0.090 

S1 0.381 1.778 O.D15 0.070 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 40-Lead Ceramic Cerdip Dual In-line (600 mil) 

Packl!S_e Gro~ Ceramic Cerd!e_ Dual In-line J_CDPJ_ 
Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a oo 10° oo 100 

A 4.318 5.715 0.170 0.225 

Ai 0.381 1.778 0.015 0.070 

A2 - - Ref. A3 - - Ref. A3 

A3 3.810 4.445 0.150 0.175 

B 0.3556 0.5842 0.014 0.023 

61 1.270 1.651 Typical 0.050 0.065 Typical 

c 0.2032 0.381 Typical 0.008 0.015 Typical 

D 51.435 52.705 2.025 2.075 

01 48.260 48.260 Reference 1.900 1.900 Reference 

E 15.240 15.875 0.600 0.625 

E1 12.954 15.240 0.510 0.600 

91 2.540 2.540 Typical 0.100 0.100 Typical 

9A 14.986 16.002 Reference 0.590 0.630 Reference 

es 15.240 18.034 0.600 0.710 

L 3.175 3.810 0.125 0.150 

N 40 40 40 40 

s 1.016 2.286 0.040 0.090 

S1 0.381 1.778 0.015 0.070 

DS00049E © 1994 Microchip Technology Inc. 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 40-Lead Ceramic Cerdip Dual In-line with Window (600 mil) 

N 

<X '-..+t: ------1 
II ,, 

Area 

Packa~ Gro~ Ceramic Cerd!.E Dual ln-line_(CDP) 
Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

<X oo 10° oo 10° 

A 4.318 5.715 0.170 0.225 

A1 0.381 1.778 0.015 0.070 

A2 3.810 4.699 Ref. A3 0.150 0.185 Ref.A3 

A3 3.810 4.445 0.150 0.175 

B 0.3556 0.5842 0.014 0.023 

61 1.270 1.651 Typical 0.050 0.065 Typical 

c 0.203 0.381 Typical 0.008 O.o15 Typical 

D 51.435 52.705 2.025 2.075 

01 48.260 48.260 Reference 1.900 1.900 Reference 

E 15.240 15.875 0.600 0.625 

E1 12.954 15.240 0.510 0.600 

01 2.540 2.540 Reference 0.100 0.100 Reference Ill 
eA 14.986 16.002 Typical 0.590 0.630 Typical 

ee 15.240 18.034 0.600 0.710 

L 3.175 3.810 0.125 0.150 

N 40 40 40 40 

s 1.016 2.286 0.040 0.090 

S1 0.381 1.778 0.015 0.070 
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MICROCHIP 

Packaging Diagrams and Parameters 

Ceramic Flatpack Family 

Symbol List for Ceramic Flatpack Package Parameters 

Symbol Description of Parameters 

A Distance between seating plane to highest point of body (lid) 

B Width of tenninal leads 

c Thickness of tenninal leads 

D Largest overall package parameter of length 

D1 Body length parameter • end lead center to end lead center 

E Largest overall package width parameter outside of lead 

E2; E3 Body width parameters not including leads 

e Linear spacing between center lines of boch'_ standoffs (terminal leads) 

H Other package width parameter 

L Distance from package body to end of lead 

N Total number of potentially usable lead positions 

a Distance between seating plane and lead 

s Distance from true position center line of Number 1 lead to the extremity of the body 

S1 Distance from other end lead edge positions to the extremity of the body 

Notes: 
1. Controlling parameter: inches. 
2. Parameter 'e1' ("e") is non-cumulative. 
3. Seating plane (standoff) is defined by board hole size. 
4. Parameters "B" and "C" are nominal. 

DS00049E © 1994 Microchip Technology Inc. 
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~ 
MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 28-Lead Ceramic Flatpack 

,...., ,...., ,...., r- r- ...., ,...., ...., ,...., ,...., r- ,.... r- r-
Terminal N -
Pin No.1 ___.. 
Indicator 

-I 
---I 

Symbol 

A 

B 

c 
D 01 
E 

E2 

E3 

e 

H 

L 

N 

a 
s 
S1 

1111 

I I I 
I I I 

..................................................... L- ..... "j:. 
!+"-- S1 ---1BI- -J e f--

i-s I 

1-- D1 J 

.._ D ... 

Package Gro~ Ceramic Fla!e_ack_iCFPtq 
Millimeters 

Min Max Notes Min 

2.286 3.302 0.090 

0.381 0.4826 0.015 

0.0762 0.1524 0.003 

17.780 18.796 0.700 

16.3068 16.7132 0.642 

9.652 10.668 0.380 

4.572 - 0.180 

0.762 - 0.030 

1.270 1.270 SSC 0.050 

22.352 29.464 0.880 

6.350 9.398 0.250 

28 28 28 

0.6604 1.143 0.026 

0.889 1.016 0.035 

0.254 0.381 0.010 

© 1994 Microchip Technology Inc. 
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m lI E H 

Inches 

Max 

0.130 

0.019 

0.006 

0.740 

0.658 

0.420 

-
-

0.050 

1.160 

0.370 

28 

0.045 

0.040 

0.015 

_J_ 
Seating and 
Base Plane 

+ 

Notes 

Typical 

Typical 

Reference 

Typical 

DS00049E 

m 



MICROCHIP 

Packaging Diagrams and Parameters 

Ceramic Leadless Chip Carrier Family 

Symbol List for Ceramic Leadless Chip Carrier Package Parameters 

Symbol Description of Parameters 

A Thickness of base body 

A1 Total package height 

A2 Distance from base body to highest point of body (lid) 

B Width of terminal lead pin 

D Largest overall package dimension of length 

D1, E1 Body length dimension - end lead center to end lead center 

E I Largest cvsra!! package dimension of 'vvidth 

e Linear spacing 

e1 Linear spacing between edges of true lead positions (of corner terminal lead pads) 
lead comer to lead corner 

h Depth of major index feature 

j Width of minor index feature 

L Distance from package edge to end of effective pad 

N Total number of potentially usable lead positions 

Notes: 
1. Controlling dimension: inches. 
2. Dimension "e," ("e") is non-cumulative. 
3. Seating plane (standoff) is defined by PC board hole size. 
4. Dimension "B" is nominal. 
5. Comer configuration optional. 

DS00049E © 1994 Microchip Technology Inc. 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 28-Lead Ceramic Leadless Chip Carrier 

hx45c-I 

l i 
i'I I Seating Plane 

f f 

J 

A1 A 

N 

Pin No. 1 Indicator 
(size and type of 
indicator may vary) 

-1 1 _ jx45° r Index Comer 

Packl!9._e Gro~ Ceramic Leadless Ch.!e_ CarrierJ..LCg_ 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

A 1.397 2.159 0.055 0.085 

A1 1.651 2.540 0.065 0.100 

A2 0.254 0.381 0.010 0.015 

B 0.5588 0.7112 Typical 0.022 0.028 Typical 

D 11.2268 11.684 0.442 0.460 

01 7.620 7.620 Reference 0.300 0.300 Reference 

E 11.2268 11.684 0.442 0.460 

E1 7.620 7.620 ~cal 0.300 0.300 Typical 

e 1.270 1.270 Reference 0.050 0.050 Reference 

01 0.381 - Typical 0.015 - Typical 

h 1.016 1.016 Reference 0.040 0.040 Reference 

j 0.508 0.508 Reference 0.020 0.020 Reference 

L 1.143 1.397 '!Ye!cal 0.045 0.055 Typical 

N 28 28 28 28 

© 1994 Microchip Technology Inc. DS00049E 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 28-Lead ceramic Leadless Chip Carrier with Window 

' Seating Plane 

1 
A1 

Symbol 

A 

A1 

A2 

B 

D 

1;>1 

E 

E1 

e 

e1 

h 

j 

L 

N 

DS00049E 

T 
E1 

l 

~ I 
111 11 

1 
I 

SIDE 
A 

I 
I 

J 
IF 

A2 

N 

Pin No. 1 Indicator 
(size and type of 
indicator may vary) 

PackaJLe Gro~ Ceramic Leadless Ch.!e_ Carrier J!-CC_l 

Millimeters Inches 

Min Max Notes Min Max Notes 

1.397 2.159 0.055 0.085 

2.286 2.540 0.090 0.100 

0.889 1.143 0.035 0.045 

0.5588 0.7112 Typical 0.022 0.028 Typical 

11.2268 11.684 0.442 0.460 

7.620 7.620 Reference 0.300 0.300 Reference 

11.2268 11.684 0.442 0.460 

7.620 7.620 Reference 0.300 0.300 Reference 

1.270 1.270 Typical 0.050 0.050 Typical 

0.381 - Typical 0.015 - Typical 

1.016 1.016 Reference 0.040 0.040 Reference 

0.508 0.508 Reference 0.020 0.020 Reference 

1.143 1.397 Typical 0.045 0.055 Typical 

28 28 28 28 
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Packaging Diagrams and Parameters 

Package Type: 32-Lead Ceramic Leadless Chip Carrier 

e1 

L ~ ~B~TTOM 

~--1·111 111·1F Seating Plane l l .__.._.__._ ___ _.__ ....... __. 
SIDE 

A1 A A2. 

Pack1!9._e Groll£= Ceramic Leadless Ch!!>_ Carrierj_LCCl 

Millimeters Inches 

Symbol Min Max Notes Min Max 

A 1.397 2.159 0.055 0.085 

Al 2.54 3.048 0.100 0.120 

A2 0.254 0.381 0.010 0.015 

B 0.635 0.6604 Typical 0.025 0.026 

D 13.716 14.224 0.540 0.560 

01 9.9822 10.3378 Reference 0.393 0.407 

E 11.2268 11.6332 0.442 0.458 

E1 7.4422 7.7978 Reference 0.293 0.307 

e 1.270 1.270 Typical 0.050 0.050 

e1 0.381 - Typical 0.015 -
h 1.016 1.016 Reference 0.040 0.040 

j 0.508 0.508 Reference 0.020 0.020 

L 1.143 1.397 Typical 0.045 0.055 

N 32 32 32 32 

© 1994 Microchip Technology Inc. 
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N 

Pin No. 1 Indicator 
(size and type of 
indicator may vary) 

j x 45° 
Index Comer 

Notes 

Typical 

Reference 

Reference 

Typical 

Typical 

Reference 

Reference 

Typical 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 32-Lead Ceramic Leadless Chip Carrier - FRIT 

+ + I I J 
- -.-----..--1....._._I .... I ~I _ ____.l ...... 1 ...... 1~1 F 

Seating Plane j j -
SIDE 

A1 A A2. 

Pack~ Gro~ Ceramic Leaclless Ch!e_ CarrierJ.LC~ 

Millimeters Inches 

Symbol Min Max Notes Min Max 

A 1.397 2.159 0.055 0.085 

A1 2.286 3.302 0.090 0.130 

A2 0.635 1.143 0.025 0.045 

B 0.5588 0.7112 Typical 0.022 0.028 

D 13.716 14.224 0.540 0.560 

D1 7.620 7.620 Reference 0.300 0.300 

E 11.2268 11.6332 0.442 0.458 

E1 10.160 10.160 Reference 0.400 0.400 

e 1.270 1.270 Reference 0.050 0.050 

91 0.381 - Typical 0.015 -
h 1.016 1.016 Reference 0.040 0.040 

j 0.508 0.508 Reference 0.020 0.020 

L 1.143 1.397 Typical 0.045 0.055 

N 32 32 32 32 

N 

Pin No. 1 Indicator 
(size and type of 
indicator may vary) 

j x 45° 
Index Comer 

Notes 

Typical 

Reference 

Reference 

Reference 

Typical 

Reference 

Reference 

Typical 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 32-Lead Ceramic Leadless Chip Carrier with Window 

L -1 ~~TTOM 
:h1=: ...--, ----., ---.J -

Seating Plane ....... 1.---1....--1 II I I I 11 =t== 
SIDE I 

A1 A 

Packl!S_e Gro~ Ceramic Lead less Ch!e_ Carrier J_LCg_ 
Millimeters Inches 

Symbol Min Max Notes Min Max 

A 1.397 2.159 0.055 0.085 

A1 2.286 3.302 0.090 0.130 

A2 0.889 1.143 0.035 0.045 

B 0.5588 0.7112 Typical 0.022 0.028 

D 13.716 14.224 0.540 0.560 

01 7.620 7.620 Reference 0.300 0.300 

E 11.2268 11.6332 0.442 0.458 

E1 10.160 10.160 Reference 0.400 0.400 

e 1.270 1.270 Reference 0.050 0.050 

e1 0.381 - Typical 0.015 -
h 1.016 1.016 Reference 0.040 0.040 

j 0.508 0.508 Reference 0.020 0.020 

L 1.143 1.397 Typical 0.045 0.055 

N 32 32 32 32 
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N 

Pin No. 1 Indicator 
(size and type of 
indicator may vary) 

jx 45° 
Index Comer 

Notes 

Typical 

Reference 

Reference 

Reference 

Typical 

Reference 

Reference 

Typical 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 32-Lead Ceramic Leadless FRIT-Seal Chip Carrier with Window 

L 

I I _.il-
l r--B~TTOM 11 

~.--I _ _____,l__._J_ 
SeatingPlane---,j~j..-1 111 111 I~ 

SIDE I 
A1 A 

PackE!S_e Gro~ Ceramic Lead less Ch!e_ Carrier_iLCC..1_ 

Millimeters Inches 

Symbol Min Max Notes Min Max 

A 1.397 2.159 0.055 0.085 

A1 2.286 3.302 0.090 0.130 

A2 0.889 1.143 0.035 0.045 

B 0.5588 0.7112 Typical 0.022 0.028 

D 13.716 14.224 0.540 0.560 

D1 7.620 7.620 Reference 0.300 0.300 

E 11.2268 11.6332 0.442 0.458 

E1 10.160 10.160 Reference 0.400 0.400 

e 1.270 1.270 Typical 0.050 0.050 

01 0.381 - Typical 0.015 -
h 1.016 1.016 Reference 0.040 0.040 

j 0.508 0.508 Reference 0.020 0.020 

L 1.143 1.397 Typical 0.045 0.055 

N 32 32 32 32 

N 

Pin No. 1 Indicator 
(size and type of 
indicator may vary) 

jx45° 
Index Comer 

Notes 

Typical 

Reference 

Reference 

Typical 

Typical 

Reference 

Reference 

Typical 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 44-Lead Ceramic Leadless Chip Carrier 

E 

h'45'-1~ 
TOP 

i ~ I 
I II I Seating Plane 

1 1 
A1 A 

T 
E1 

l 

I I I 
I 

SIDE 

N 

Pin No. 1 Indicator 
(size and type of 
indicator may vary) 

L JI_ jx450 

~TTO;-i r Index Comer 

l 
IF 

A2. 

Pack~e Gro~ Ceramic Leadless Ch!E_ CarrierJ.LCg_ 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

A 1.3716 2.0828 0.054 0.082 

A1 1.778 3.048 0.070 0.120 

A2 0.254 1.143 0.010 0.045 

B 0.5842 0.7112 Typical 0.023 0.028 Typical 

D 16.256 16.8148 0.640 0.662 

01 12.700 12.700 Reference 0.500 0.500 Reference 

E 16.256 16.8148 0.640 0.662 

E1 12.700 12.700 Reference 0.500 0.500 Reference 

e 1.270 1.270 Typical 0.050 0.050 Typical 

01 0.381 - Typical 0.015 - Typical 

h 1.016 1.016 Reference 0.040 0.040 Reference 

j 0.508 0.508 Reference 0.020 0.020 Reference 

L 1.143 1.397 Typical 0.045 0.055 Typical 

N 44 44 44 44 
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MICROCHIP 

Packaging Diagrams and Parameters 

Ceramic Leaded Chip Carrier Family 

Symbol List for Ceramic Leaded Chip Carrier Package Parameters 

Symbol Description of Parameters 

A Distance from seating plane to highest point of body 

A1 Distance from lead shoulder to seating plane 

CP Seating plane coplanarity 

DIE Outside dimension 

D1/E1 Body dimension 

D2'E2 Footprint 

I 03/Es Cn.n.tn...i...,,+ 
I VV'Lt"lllH 

LT Lead thickness 

N Total number of potentially usable lead positions 

Nd Total number of leads on short side (rectangular) 

Ne Total number of leads on long side (rectangular) 

Notes: 

2 

3 

4 
5 
6 

All dimensions and tolerances conform to ANSI 
Y14.5M-1982. 
Datum planern:;Jlocated at top of parting line and 
coincident with top of lead. Where lead exits 
body. 
DatumslD-ElandlF--Gho be determined where 
center leads exit body at datum pl~E!E-
To be determined at seating plane -C- . 
Transition is optional. 
Square: Details of pin 1 identifier are optional but 
must be located within one of the two zones 
indicated. 
Rectangle: Details of pin 1 identifier are optional 
but must be located within zone indicated. If the 
number of terminals on a side is odd, terminal 1 
is the center terminal. 

DS00049E 
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7 Location to datumsi;&land~to be 
determined at planern:;J. 

8 All dimensions and tolerances include lead 
trim offset and lead finish. 

9 These two dimensions determine maxi
mum angle of the lead for certain socket 
applications. If unit is intended to be 
socketed, it is advisable to review these 
dimensions with the socket supplier. 

10 Controlling dimension: inches. 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 68-Lead Ceramic Leaded Chip Carrier (Window) 

& 
0.508 

,-..., . .,..,_--,.. .020 

1.651 
.065 

R 1.14/0.64 
.045/.025 

& 
~ 14- 0.812/0.661& 

';ii,' M;L IJ 1 "'"'°" 
mT=~ 
0.64 M' . I I 0.533/0.331 
.025 In ~ ~ .021/.013 

1$1%W~H F-G ®· D-E ®I 

Packl!9._e Gro~ Ceramic Leaded Ch.!e_ Carrier_iCLC9_ 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

A 4.191 4.699 .165 .185 

A1 2.286 3.048 .090 .120 

0 24.968 25.222 .983 .993 

01 23.977 24.333 .944 .958 

02 22.860 23.876 .900 .940 

03 20.320 - Reference .800 - Reference 

E 24.968 25.222 .983 .993 

E1 23.977 24.333 .944 .958 

E2 22.860 23.876 .900 .940 

E3 20.320 - Reference .800 - Reference 

N 68 - 68 -
CP - .1016 - .004 

LT .1524 .2032 .006 .008 

© 1994 Microchip Technology Inc. DS00049E 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 84-Lead Ceramic Leaded Chip Carrier (Window) 

Symbol 

A 

A1 

D 

01 

D2 

03 

E 

E1 

E2 

E3 

N 

CP 

LT 

DS00049E 

& 
0.508 
.020 

1.651 
.065 

R 1.14/0.64 
.045/.025 

0.812/0.661& 
.032/.026 

:0~i4 MiL~-: 
r7'l ---r-r- ' 
~ 5 
o.64 . . I I o.533/0.331 
.025 Min -J t""' .021/.013 

1$1~ ~1A1 F-G ®· 0-E @I 

Packl!S_e Gro~ Ceramic Leaded Ch~ Carrier_iCLCC_l 

Millimeters Inches 

Min Max Notes Min Max Notes 

4.191 4.699 .165 .185 

2.286 3.048 .090 .120 

30.048 30.353 1.183 1.195 

28.829 29.591 1.135 1.165 

27.940 28.956 1.100 1.140 

25.400 - Reference 1.000 - Reference 

30.048 30.353 1.183 1.195 

28.829 29.591 1.135 1.165 

27.940 28.956 1.100 1.140 

25.400 - Reference 1.000 - Reference 

84 . 84 -
- .1016 - .004 

.1524 .2032 .006 .008 
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MICROCHIP 

Packaging Diagrams and Parameters 

Plastic Dual In-line Family 

Symbol List for Plastic Dual In-line Package Parameters 

Symbol Description of Parameters 

ex Angular spacing between min. and max. lead positions measured at the gauge plane 

A Distance between seatingplane to hiRhest_pc>int of bocly_ 

A1 Distance between seating plane and base plane 

A2 Base body thickness 

B Width of terminal leads 

B1 Width of terminal lead shoulder which locate seating plane (standoff geometry optional) 

c Thickness of terminal leads 

D Largest overall package parameter of length 

D1 Body length parameter - end lead center to end lead center 

E Largest overall package width parameter outside of lead 

E1 Body width parameters not including leads 

eA Linear spacing of true minimum lead position center line to center line 

es Linear spacing between true lead position outside of lead to outside of lead 

e1 Linear spacing between center lines of body standoffs (terminal leads) 

L Distance from seatir:!.9._Q]ane to end of lead 

N Total number of QOtential.!Y_ usable lead...E_ositions 

s Distance from true position center line of No. 1 lead to the extremity of the body 

S1 Distance from other end lead edge positions to the extremity of the body 

Notes: 
1. Controlling parameter: inches. 
2. Parameter "e1" ("e") is non-cumulative. 
3. Seating plane (standoff) is defined by board hole size. 
4. Parameter "61" is nominal. 
5. Details of pin Number 1 identifier are optional. 
6. Parameters "D + E," do not include mold flash/protrusions. Mold flash or protrusions shall not 

exceed .010 inches. 

© 1994 Microchip Technology Inc. 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 8-Lead Plastic Dual In-line (300 mil) 

DS00049E 

Seating 
Plane 

Symbol 

a. 

A 

A1 

A2 

B 

81 

c 
D 

D1 

E 
E1 

e1 

eA 

es 

L 

N 

s 
81 

Min 

oo 
-

0.381 

3.048 

0.3556 

1.397 

0.2032 

9.017 

7.620 

7.620 

6.096 

2.4892 

7.620 

7.874 

3.048 

8 

0.889 

0.254 

Pack~e Group: Plastic Dual In-line ~L~ 

Millimeters 

Max Notes Min 

10° oo 
4.064 -

- 0.015 

3.810 0.120 

0.5588 0.014 

1.651 0.055 

0.381 Typical 0.008 

10.922 0.355 

7.620 Reference 0.300 

8.255 0.300 

7.112 0.240 

2.5908 Typical 0.098 

7.620 Reference 0.300 

9.906 0.310 

3.556 0.120 

8 8 

- 0.035 

- 0.010 

11-2-2 

Inches 

Max Notes 

10° 

0.160 

-
0.150 

0.022 

0.065 

0.015 Typical 

0.430 

0.300 Reference 

0.325 

0.280 

0.102 Typical 

0.300 Reference 

0.390 

0.140 

8 

-

-
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Packaging Diagrams and Parameters 

Package Type: 14-Lead Plastic Dual In-line (300 mil) 

N 

Ti 
E1 E 

Pin No. 1 ___.. ""1"'~1"'1'""7=1"'1'""7=1"'1'""r' f i 
Indicator 
Area 

Packa_g_e Gro~ Plastic Dual In-line ~L~ 
Millimeters 

Symbol Min Max Notes Min 

a oo 10° oo 
A - 4.064 -

A1 0.381 - 0.015 

A2 3.048 3.810 0.120 

B 0.3556 0.5588 0.014 

81 1.524 1.524 Reference 0.060 

c 0.2032 0.381 Typical 0.008 

D 18.415 19.431 0.725 

01 15.240 15.240 Reference 0.600 

E 7.620 8.255 0.300 

E1 6.096 7.112 0.240 

91 2.4892 2.5908 Typical 0.098 

9A 7.620 7.620 Reference 0.300 

98 7.874 9.906 0.310 

L 3.048 3.556 0.120 

N 14 14 14 

s 0.889 - 0.035 

S1 0.127 - 0.005 

@ 1994 Microchip Technology Inc. 

Inches 

Max 

10° 

0.160 

-
0.150 

0.022 

0.060 

0.015 

0.765 

0.600 

0.325 

0.280 

0.102 

0.300 

0.390 

0.140 

14 

-
-

MICROCHIP 

Notes 

Reference 

Typical 

Reference 

Typical 

Reference 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 16-Lead Plastic Dual In-line (300 mil) 

N 

Tl 
E1 E 

Pin No.1 l l 
Indicator -. ll!Rlh-,.,....,.,..."TT"-rr"TT...,.,....,..i 
Area 

Package Group: Plastic Dual In-line (PLA) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a oo 100 oo 100 

A - 4.064 - 0.160 

A1 0.381 - O.Q15 -
A2 3.048 3.810 0.120 0.150 

B 0.3556 0.5588 0.014 0.022 

B1 1.524 1.524 Reference 0.060 0.060 Reference 

c 0.2032 0.381 Typical 0.008 0.015 Typical 

D 18.923 19.939 0.745 0.785 

01 17.780 17.780 Reference 0.700 0.700 Reference 

E 7.620 8.255 0.300 0.325 

E1 6.096 7.112 0.240 0.280 

01 2.4892 2.5908 Typical 0.098 0.102 Typical 

0A 7.620 7.620 Reference 0.300 0.300 Reference 

08 7.874 9.906 0.310 0.390 

L 3.0480 3.556 0.120 0.140 

N 16 16 16 16 

s 0.889 - 0.035 -
S1 0.127 - 0.005 -
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 18-Lead Plastic Dual In-line (300 mil) 

I - __.-...--+--.....-

I L 

e1 l.,.==r- A1 

Packa_g_e Gro~ Plastic Dual In-line JPLA_l 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a. o• 10° o• 10° 

A - 4.064 - 0.160 

A1 0.381 - 0.015 -
A2 3.048 3.810 0.120 0.150 

B 0.3556 0.5588 0.014 0.022 

61 1.524 1.524 Reference 0.060 0.060 Reference 

c 0.203 0.381 Typical 0.008 0.015 Typical 

D 22.479 23.495 0.885 0.925 

01 20.320 20.320 Reference 0.800 0.800 Reference 

E 7.620 8.255 0.300 0.325 

E1 6.096 7.112 0.240 0.280 

91 2.4892 2.5908 Typical 0.098 0.102 Typical m 
9A 7.620 7.620 Reference 0.300 0.300 Reference 

9B 7.874 9.906 0.310 0.390 

L 3.048 3.556 0.120 0.140 

N 18 18 18 18 

s 0.889 - 0.035 -
S1 0.127 - 0.005 -
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 22-Lead Plastic Dual In-line (400 mil) 

N 

Or!TI 
:~r:~:~ ~~ t + 

a~:------1 
II \\ ,, " 

~=----.-1 
Area 

PackaJ1_e Gro~ Plastic Dual In-line J_PLA_l 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a oo 100 oo 10° 

A - 4.572 - .180 

A1 0.381 - 0.015 -
A2 3.175 3.810 0.125 0.150 

B 0.3556 0.5588 0.014 0.022 

81 1.524 1.524 Reference 0.060 0.060 Reference 

c 0.2032 0.381 Typical 0.008 0.015 Typical 

D 26.670 28.448 1.050 1.120 

01 25.400 25.400 Reference 1.000 1.000 Reference 

E 9.906 10.795 0.390 0.425 

E1 8.382 9.398 0.330 0.370 

91 2.4892 2.5908 Typical 0.098 0.102 Typical 

eA 10.160 10.160 Reference 0.400 Q.400 Reference 

98 10.160 12.192 Q.400 0.480 

L 3.048 3.556 0.120 0.140 

N 22 22 22 22 

s 0.889 - 0.035 -
51 0.127 - 0.005 -

DS00049E © 1994 Microchip Technology Inc. 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 24-Lead Plastic Dual In-line (600 mil) 

N 

Dr!TI 
~~i~~~~-- ~ ~ ! ! 
Area 

A2A 

Package GroUJ!: Plastic Dual In-line (PLA) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a oo 100 oo 10° 

A - 5.080 - 0.200 

A1 0.508 - 0.020 -

A2 3.175 4.064 0.125 0.160 

B 0.3556 0.5588 0.014 0.022 

B1 1.270 1.270 Typical 0.050 0.050 Typical 

c 0.2032 0.381 Typical 0.008 0.015 Typical 

D 30.353 32.385 1.195 1.275 

D1 27.940 27.940 Reference 1.100 1.100 Reference 

E 15.240 15.875 0.600 0.625 

E1 12.827 14.224 0.505 0.560 

01 2.4892 2.5908 Typical 0.098 0.102 Typical m 
SA 15.240 15.240 Reference 0.600 0.600 Reference 

es 15.494 17.272 0.610 0.680 

L 3.048 3.556 0.120 0.140 

N 24 24 24 24 

s 0.889 - 0.035 -
S1 0.127 - 0.005 -
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 24-Lead Plastic Dual In-line (300 mil) 

a..___,: ----_-_-_-1"1.n--
// \\ 

II \\ 

~::~--··~I 

Pack~e Gro~ Plastic Dual In-line Pack~_iPL~ 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a oo 100 oo 10° 

A - 4.064 - 0.160 

A1 0.381 - 0.015 -
A2. 3.048 3.810 0.120 0.150 

B 0.3556 0.5588 0.014 0.022 

81 1.524 1.524 Typical 0.060 0.060 Typical 

c 0.2032 0.381 Typical 0.008 0.015 Typical 

D 31.242 32.258 1.230 1.270 

01 27.940 27.940 Reference 1.100 1.100 Reference 

E 7.620 8.255 0.300 0.325 

E1 6.096 7.112 0.240 0.280 

91 2.4892 2.5908 Typical 0.098 0.102 Typical 

eA 7.620 7.620 Reference 0.300 0.300 Reference 

eB 7.874 9.906 0.310 0.390 

L 3.048 3.556 0.120 0.140 

N 24 24 24 24 

s 0.889 - 0.035 -
S1 0.381 - 0.015 -

DS00049E © 1994 Microchip Technology Inc. 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 28-Lead Dual In-line Plastic (300 mil) 

a "----t: t-------1 

II \\ ,, \\ 

~=~ 

Detail A 

~o~-:-1~ ~~Wt["' 
e1 I =r A1 A2. A 83-l 1-.-j f-B 

~------ 01 ------~ Detail A 

Package Group: Plastic Dual-In-Line (PLA) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a oo 10° oo 10° 

A 3.6322 4.572 .143 .180 

A1 .381 - .015 -
A2 3.175 3.556 .125 .140 

B .4064 0.5588 .016 .022 Typical 

B1 1.016 1.651 Typical .040 .065 

B2 .762 1.016 4 places .030 .040 4 places 

83 .2032 .508 4 places .008 .020 4 places 

c .2032 .3302 Typical .008 .013 Typical 

D 34.163 35.179 1.385 1.395 

01 33.02 33.02 Reference 1.300 1.300 Reference 

E 7.874 8.382 .310 .330 

E1 7.112 7.493 .280 .295 m 
01 2.54 2.54 Typical .100 .100 Typical 

0A 7.874 7.874 Reference .310 .310 Reference 

es 8.128 9.652 .320 .380 

L 3.175 3.683 .125 .145 

N 28 - 28 -
s .5842 1.2192 .023 .048 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 28-Lead Dual In-line Plastic (600 mil) 

ex ......_,: t-::---=:----::--1 
II \\ 

~=:--...... ·~i 

Packa--9!_ Gro~ Plastic Dual-In-Line ~L~ 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

ex o• 10• o• 10° 

A - 5.080 - 0.200 

A1 0.508 - 0.020 -
A2 3.175 4.064 0.125 0.160 

B 0.3556 0.5588 0.014 0.022 

B1 1.270 1.778 Typical 0.050 0.070 Typical 

c 0.2032 0.381 Typical 0.008 0.015 Typical 

D 35.052 37.084 1.380 1.460 

01 33.020 33.020 Reference 1.300 1.300 Reference 

E 15.240 15.875 0.600 0.625 

E1 12.827 13.970 0.505 0.550 

91 2.4892 2.5908 Typical 0.098 0.102 Typical 

9A 15.240 15.240 Reference 0.600 0.600 Reference 

98 15.240 17.272 0.600 0.680 

L 2.921 3.683 0.115 0.145 

N 28 28 28 28 

s '0.889 - 0.035 -
S1 0.508 - 0.020 -
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 40-Lead Plastic Dual In-line (600 mil) 

lX --: ------=--=--:!~-
// \\ 

~::~ 

A2. A 

Package Group: Plastic Dual In-line (PLA_l 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

lX oo 10° oo 10° 

A - 5.080 - 0.200 

A1 0.381 - 0.015 -
A2 3.175 4.064 0.125 0.160 

B 0.3556 0.5588 0.014 0.022 

81 1.270 1.778 Typical 0.050 0.070 Typical 

c 0.2032 0.381 Typical 0.008 0.015 Typical 

D 51.181 52.197 2.015 2.055 

01 48.260 48.260 Reference 1.900 1.900 Reference 

E 15.240 15.875 0.600 0.625 

E1 13.462 13.970 0.530 0.550 

91 2.489 2.591 Typical 0.098 0.102 Typical m 
eA 15.240 15.240 Reference 0.600 0.600 Reference 

ee 15.240 17.272 0.600 0.680 

L 2.921 3.683 0.115 0.145 

N 40 40 40 40 

s 1.270 - 0.050 -
S1 0.508 - 0.020 -
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 48-Lead Plastic Dual In-line (600 mil) 

I ------1 a'--t1 
II \\ 

~:: _______ ~·i 

Packl!S_e Gro~ Plastic Dual In-line J!'LA_l 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a oo 10° oo 10° 

A - 5.080 - 0.200 

A1 0.381 - 0.015 -
A2 3.175 4.064 0.125 0.160 

B 0.3556 0.5588 0.014 0.022 

B1 1.270 1.270 Typical 0.050 0.050 Typical 

c 0.2032 0.381 Typical 0.008 O.Q15 Typical 

D 61.468 62.230 2.420 2.450 

01 58.420 58.420 Reference 2.300 2.300 Reference 

E 15.240 15.875 0.600 0.625 

E1 13.716 14.224 0.540 0.560 

01 2.4892 2.5908 Typical 0.098 0.102 Typical 

eA 15.240 15.240 Reference 0.600 0.600 Reference 

eB 15.240 17.272 0.600 0.680 

L 2.921 3.683 0.115 0.145 

N 48 48 48 48 

s 1.270 - 0.050 -
S1 0.508 - 0.020 -

DS00049E © 1994 Microchip Technology Inc. 
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MICROCHIP 

Packaging Diagrams and Parameters 

Plastic Leaded Chip Carrier Family 

Symbol List for Plastic Leaded Chip Carrier Package Parameters 

Symbol Description of Parameters 

A Distance from seating plane to highest point of body 

A1 Distance from lead shoulder to seating plane 

CP Seating plane coplanarity 

DIE Outside dimension 

D1/E1 Plastic body dimension 

D2/E2 Footprint 

Da/Ea Footprint 

LT Lead thickness 

N Total number of potentially usable lead positions 

Nd Total number of leads on short side (rectangular) 

Ne Total number of leads on long side (rectangular) 

Notes: 

2 

3 

4 
5 
6 
7 

8 

All dimensions and tolerances conform to ANSI 
Y14.5M-1982. 
Datum planeEiElocated at top of mold parting line 
and coincident with top of lead. Where lead exits 
plasticb~ 
Datums ILEEI and IF-GI to be determined where 
center leads exit plastic body at datum planel±E]. 
To be determined at seating plane~. 
Transition is optional. 
Plastic body details between leads are optional. 
Dimensions 01 and Et do not include mold protru
sion. Allowable mold protrusion is .254 mm/.01 O in. 
per side. Dimensions D and E include mold mis
match and are determined at parting line. 
Square: Details of pin 1 identifier are optional but 
must be located within one of the two zones indi
cated. 
Rectangle: Details of pin 1 identifier are optional but 
must be located within zone indicated. If the num
ber of terminals on a side is odd, terminal 1 is the 
center terminal. 

©1994 Microchip Technology Inc. 
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9 Location to datumst&iandE§:)to be deter
mined at plane EEB 

10 All dimensions and tolerances include lead 
trim offset and lead finish. 

11 These two dimensions determine maximum 
angle of the lead for certain socket applica
tions. If unit is intended to be socketed, it is 
advisable to review these dimensions with 
the socket supplier. 

12 Controlling dimension: inches. 

X Sum of dam bar protrusions to be 0.17 (.007) 
max per lead. 

Y Feature is not required, but is optional at 
manufacturer's discretion. 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 28-Lead Plastic Leaded Chip Carrier (Square) 

D 

1631° 177 @Isl ~!_®I 
01~'-'--'-

-D- 3 
-+-+---~ 

'' 61 :::~-: 
T 

& 
0.508 

............. -+--'-~ .020 

-
E1 E 

~1 
Lib 

--i '"'"" 0.81?/0.66ill 

'~-r-:~""' 
~ !. :~ ~! o.~33/0.331 
.025 in .021/.013 

l®l%W~H F-G@, D-E@I 

Packa__g_e Gro~ Plastic Leaded Ch~ Cerrler ~Leg_ 

Miiiimeters Inches 

Symbol Min Max Notes Min Max Notes 

A 4.191 4.572 0.165 0.180 

A1 2.413 2.921 0.095 0.115 

D 12.319 12.573 0.485 0.495 

01 11.430 11.5824 0.450 0.456 

D2 10.414 10.922 0.410 0.430 

03 7.620 7.620 Reference 0.300 0.300 Reference 

E 12.319 12.573 0.485 0.495 

E1 11.430 11.5824 0.450 0.456 

E2 10.414 10.922 0.410 0.430 

E3 7.620 7.620 Reference 0.300 0.300 Reference 

N 28 28 28 28 

CP - 0.1016 - 0.004 

LT 0.2032 0.381 0.008 0.015 

DS00049E ©1994 Microchip Technology Inc. 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 32-Lead Plastic Leaded Chip Carrier (Rectangle) 

0.25~4 Max~ Ah .010 
D 0.508 
~A__ .020 

:-: 1.651 
.065 

R 1.14/0.64 
.045/.025 

.& 
_____,., ~ 0.812/0.661& 

'~' M't~Jl! -°""-'" 

~~ 
o.64 . . I 1..- o.533/0.331 
.025 Mrn ~ .021/.013 

lqi!W~HF-G ®. o-E®! 
Pack'!9_e Grol!e: Plastic Leaded Ch.!e_ Carrier jf>LCg_ 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

A 3.048 3.556 0.120 0.140 

A1 1.905 2.413 0.075 0.095 

0 12.319 12.573 0.485 0.495 

01 11.3538 11.5062 0.447 0.453 

D2 4.826 5.334 0.190 0.210 

03 7.620 7.620 Reference 0.300 0.300 Reference 

E 14.859 15.113 0.585 0.595 

E1 13.8938 14.0462 0.547 0.553 

E2 6.096 6.858 0.240 0.270 

Ea 10.160 10.160 Reference 0.400 0.400 Reference 

N 32 32 32 32 

Nd 7 7 7 7 

Ne 9 9 9 9 

CP - 0.1016 - 0.004 

LT 0.2032 0.381 0.008 0.015 

©1994 Microchip Technology Inc. DS00049E 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 44-Lead Plastic Leaded Chip Carrier (Square) 

0.25~4 Max M 0.254iaxi M ;:::... .010 0.508 .010 ~.508 
L£,. ~-:._- .020 -~ .020 -H- 2 

l l 1.651 : : 1.651 
.065 .065 

R 1.14/0.64 'R 1.14/0.64 
.045/.025 .045/.025 

& 
--1 ~ 0.812/0.661& 

'~"l c~.O~ 
0.64 M -i 1...- 0.533/0.331 
.025 in .021/.013 

IE!11¥o¥~H F-G@, D-E@I 

Pack119e Grol!I!= Plastic Leaded Ch!!>_ Carrier_(PLCg 
Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

A 4.191 4.572 0.165 0.180 

Ai 2.413 2.921 0.095 0.115 

0 17.399 17.653 0.685 0.695 

01 16.510 16.6624 0.650 0.656 

02 15.494 16.002 0.610 0.630 

03 12.700 12.700 Reference 0.500 0.500 Reference 

E 17.399 17.653 0.685 0.695 

E1 16.510 16.6624 0.650 0.656 

E2 15.494 16.002 0.610 0.630 

E3 12.700 12.700 Reference 0.500 0.500 Reference 

N 44 44 44 44 

CP - 0.1016 - 0.004 

LT 0.203 0.381 0.008 0.015 

DS00049E ©1994 Microchip Technology Inc. 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 68-Lead Plastic Leaded Chip Carrier (Square) 

0.25~4Max L{h .010 
/\ 0.508 
~ [8:::J .020 

&__ __ 
:-: 1.651 

.065 
R 1.14/0.64 

.045/.025 

& 
--1 ~ 0.812/0.661& 

.032/.026 

1ai~4 MiLlf==n :Jl ~ A 

1-C-l Jf ~ 
D.64~ . I I o.533/0.331 
.025 Mm --J ~ .021/.013 

l®I~ ~H F-G @, D-E@I 

Pack'!9._e Gro~ Plastic Leaded Ch~ Carrier j_PLCCJ_ 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

A 4.191 4.699 .165 .185 

A1 2.286 2.794 .090 .110 

0 25.019 25.273 .985 .995 

01 24.130 24.3332 .950 .958 

D2 22.860 23.622 .900 .930 

03 20.320 - Reference .800 - Reference 

E 25.019 25.273 .985 .995 

E1 24.130 24.3332 .950 .958 

E2 22.860 23.622 .900 .930 

E3 20.320 - Reference .800 - Reference 

N 68 - 68 -
CP - .1016 - .004 

LT .2032 .254 0.008 0.010 

©1994 Microchip Technology Inc. DS00049E 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 84-Lead Plastic Leaded Chip Carrier (Square) 

D 

41 :::~-: 
T 

Symbol 

A 

A1 

0 

01 

02 

03 

E 

E1 

E2 

E3 

N 

CP 

LT 

DS00049E 

& 
0.508 
.020 

& 
_.., ~ 0.812/0.66~ 

.032/.026 

~0~~4Mi:cn 

~11~ 
0.64 M" I 1- 0.533/0.331 
.025 in --i .021/.013 

l®l%W~H F-G@, D-E@I 

Packa_g_e Gro~ Plastic Leaded Ch~ Carrier_iPLCC.1_ 

Millimeters Inches 

Min Max Notes Min Max Notes 

4.191 4.699 .165 .185 

2.286 2.794 .090 .110 

30.099 30.353 1.185 1.195 

29.210 29.4132 1.150 1.158 

27.940 28.702 1.100 1.130 

25.400 - Reference 1.000 - Reference 

30.099 30.353 1.185 1.195 

29.210 29.4132 1.150 1.158 

27.940 28.702 1.100 1.130 

25.400 - Reference 1.000 - Reference 

84 - 84 -
- .1016 - .004 

.2032 .254 .008 .010 

©1994 Microchip Technology Inc. 
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MICROCHIP 

Packaging Diagrams and Parameters 

Plastic Small Outline Family 

Symbol List for Small Outline Package Parameters 

Symbol Description of Parameters 

CJ. Angular spacing between min. and max. lead positions measured at the gauge plane 

A Distance between seating_pJane to h_!2.hest point of bo~ 

Ai Distance between seating plane and base plane 

B Width of terminals 

c Thickness of terminals 

D Largest overall package parameter of length 

E Largest overall package width parameter not including leads 

e Linear spacing of true minimum lead position center line to center line 

H Largest overall package dimension of width 

L Length of terminal for soldering to a substrate 

N Total number of potentially usable lead positions 

CP Seating plane coplanarity 

Notes: 
1. Controlling parameter: inches. 
2. All packages are gull wing lead form. 
3. "D" and "E" are reference datums and do not include mold flash or protrusions. Mold flash or 

protrusions shall not exceed .006 package ends and .010 on sides. 
4. The chamfer on the body is optional. If it is not present, a visual index feature must be located 

within the crosshatched area to indicate pin 1 position. 
5. Terminal numbers are shown for reference. 

© 1994 Microchip Technology Inc. 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 8-Lead Plastic Surface Mount (SOIC - Narrow, 150 mil Body) 

DS00049E 

B -I 
-ii--

_L~D-1 
CP =:::!=::;::=~ ,.__ Base 

Seating __.... f 1 Plane 
Plane 

A1 A 

Packag_e Gro"!I_>_: Plastic SOIC J_S~ 

Millimeters 

Symbol Min Max Notes Min 

a oo so oo 
A 1.3716 1.7272 0.054 

A1 0.1016 0.24S92 0.004 

B 0.3556 0.4S26 0.014 

c 0.1905 0.24S92 0.0075 

D 4.S006 4.97S4 0.1S9 

E 3.810 3.9S7S 0.150 

e 1.270 1.270 Typical 0.050 

H 5.S166 6.1976 0.229 

h 0.3S1 0.762 0.015 

L 0.50S 1.016 0.020 

N 8 s 8 

CP - 0.1016 -

11-2-20 

Inches 

Max Notes 

so 
0.06S 

0.009S 

0.019 

0.009S 

0.196 

0.157 

0.050 Typical 

0.244 

0.030 

0.040 

s 
0.004 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 8-Lead Plastic Surface Mount (SOIC - Medium, 200 mil Body) 

l- 0-I 
CP f --~-Base 

Seating__... *t==,= Plane 
Plane 

A1 A 

Pack!!D_e Grou~ Plastic SOIC _iS~ 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a oo ao oo 50 

A 1.778 2.032 0.070 0.080 

A1 0.1016 0.24892 0.004 0.0098 

B 0.3556 0.4826 0.014 0.019 

c 0.1905 0.24892 0.0075 0.0098 

D 5.08 5.334 0.200 0.210 

E 5.1562 5.4102 0.203 0.213 Ill 
e 1.270 1.270 Reference 0.050 0.050 Reference 

H 7.62 8.382 0.300 0.330 

h 0.381 0.762 0~015 0.030 

L 0.508 1.016 0.020 0.040 

N 14 14 14 14 

CP - 0.1016 - 0.004 

© 1994 Microchip Technology Inc. DS00049E 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 14-Lead Plastic Surface Mount (SOIC - Narrow, 150 mil Body) 

.--.i e 14-
1 I 

hx45° 

Index 
Area 

-1 1-

"/it=ft IC 
Chamfer 
hx45° ___. -11-1 

L 

I· o--1 
CP !--~~Base 

Seating ....... *t==1= Plane 
Plane 

A1 A 

Pack~e Gro~ Plastic SOIC J.Sl.:}_ 
Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

0. oo 80 oo 80 

A 1.3716 1.7272 0.054 0.068 

A1 0.1016 0.24892 0.004 0.0098 

B 0.3556 0.4826 0.014 0.019 

c 0.1905 0.24892 0.0075 0.0098 

D 8.5598 9.9822 0.337 0.393 

E 3.810 3.9878 0.150 0.157 

e 1.270 1.270 Reference 0.050 0.050 Reference 

H 5.8166 6.1976 0.229 0.244 

h 0.381 0.762 0.015 0.030 

L 0.4064 1.143 0.016 0.045 

N 14 14 16 16 

CP - 0.1016 - 0.004 

DS00049E © 1994 Microchip Technology Inc. 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 18-Lead Plastic Surface Mount (SOIC - Wide, 300 mil Body) 

Index 
Area 

~ e 14-
1 I h x45° 

~ -1 ~ 
11 _JDt_L 
E H a_- ~ F'c 

~ -----.ib-1 L 
Chamfer 
h x45° 

_L~ D ~1 
CP *=l=;:::=::~\iHfJ-Base 

Seating -- f 1 Plane 
Plane 

Al A 

Pack~ Group: Plastic SOIC (SO) 

Millimeters 

Symbol Min Max Notes Min 

a oo 90 oo 
A 2.3622 2.6416 0.093 

A, 0.1016 0.29972 0.004 

B 0.3556 0.4826 0.014 

c 0.2413 0.3175 0.0095 

D 11.3538 11.7348 0.447 

E 7.4168 7.5946 0.292 

e 1.270 1.270 Reference 0.050 

H 10.0076 10.6426 0.394 

h 0.381 0.762 0.015 

L 0.4064 1.143 0.016 

N 18 18 18 

CP - 0.1016 -

© 1994 Microchip Technology Inc. 
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Inches 

Max Notes 

90 

0.104 

0.0118 

0.019 

0.0125 

0.462 

0.299 

0.050 Reference 

0.419 

0.030 

0.045 

18 

0.004 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 24-Lead Plastic Surface Mount (SOIC - Wide, 300 mil Body) 

Index 
Area 

Chamfer 
hx45° -

--.i e 14---
1 I h x45° 

-1 ~ 
Tl -~_l_ 
E H a-- ~ F-1C 

--- r-----il j L 

L.J L.J L.J ----1.. 

_J_J D ~1 
CP :!=! =;:::::::::~~ - Base 

Seating __. f 1 Plane 
Plane 

Ai A 

Package Group: Plastic SOIC J_SQl_ 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

(1. oo 80 oo 00 

A 2.3622 2.6416 0.093 0.104 

Ai 0.1016 0.29972 0.004 0.0118 

B 0.3556 0.4826 0.014 0.019 

c 0.2413 0.3175 0.0095 0.0125 

D 15.2146 15.5956 0.599 0.614 

E 7.4168 7.5946 0.292 0.299 

e 1.270 1.270 Reference 0.050 0.050 Reference 

H 10.0076 10.6426 0.394 0.419 

h 0.381 0.762 0.015 0.030 

L 0.4064 1.143 0.016 0.045 

N 24 24 24 24 

CP - 0.1016 - 0.004 

DS00049E © 1994 Microchip Technology Inc. 
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Packaging Diagrams and Parameters 

Package Type: 28-Lead Plastic Surface Mount (SOIC - Wide, 300 mil Body) 

......i e 14-

1 I h x 45° 

~ -1 ~ 
Index 
Area 

11 -~ _l_ 
E H a _,---J L__j ~~ C 

----I l-----ib-1 L 
Chamfer 
h x45° 

_j_~ D ~1 
CP *l ==:;;:::=~\iMFJ- Base 

Seating ___. f 1 Plane 
Plane 

A1 A 

Packl!9_e Gro~ Plastic SOIC _tSOJ_ 

Millimeters 

Symbol Min Max Notes Min 

a oo 80 oo 
A 2.3622 2.6416 0.093 

A1 0.1016 0.2997 0.004 

B 0.3556 0.4826 0.014 

c 0.2413 0.3175 0.0095 

D 17.7038 18.0848 0.697 

E 7.4168 7.5946 0.292 

e 1.270 1.270 Typical 0.050 

H 10.0076 10.6426 0.394 

h 0.381 0.762 0.015 

L 0.4064 1.143 0.016 

N 28 28 28 

CP - 0.1016 -

© 1994 Microchip Technology Inc. 
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Inches 

Max Notes 

80 

0.104 

0.0118 

0.019 

0.0125 

0.712 

0.299 

0.050 Typical 

0.419 

0.030 

0.045 

28 

0.004 

DS00049E 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 28-Lead Plastic Surface Mount (SOIC - Wide, 330 mil Body) 

Index 
Area 

Chamfer 

u 

.......i e I'-
I I 

Tl 
E H a_.-

1 
U U U--L 

_J_J D ·I 
CP :;:l :::::::;;::::::::~\iKtJ-ease 

Seating __. f 1 Plane 
Plane 

A1 A 

-1 

Packa_g_e Gro~ Plastic SOIC j_SW_l 

Millimeters 

Symbol Min Max Notes Min 

a 0 8. 0 

A 2.286 2.6416 .090 

A1 0.1016 0.2794 .004 

B 0.3556 0.508 .014 

c 0.2286 0.3048 .009 

D 17.780 18.0848 .700 

E 8.636 8.890 .340 

e 1.27 1.27 Reference .050 

H 11.7602 12.1158 .463 

h 0.254 0.7366 .010 

L 0.508 1.0668 .020 

N 28 28 28 

CP - 0.1016 -

DS00049E 
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h x45° 

~ 

Inches 

Max Notes 

8. 

.104 

.011 

.020 

.012 

.712 

.350 

.050 Reference 

.477 

.029 

.042 

28 

0.004 
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MICROCHIP 

Packaging Diagrams and Parameters 

Plastic Shrink Small Outline Family 

Symbol List for Shrink Small Outllne Package Parameter 

Symbol Description of Parameters 
a Angular spacing between min. and max. lead positions measured at the gauge plane 

A Distance between seating plane to highest point of body 

A, Distance between seating plane and base plane 

B Width of terminals 

c Thickness of terminals 

D Largest overall package parameter of length 

E Largest overall package width parameter not including leads 

e Linear spacing of true minimum lead position center line to center line 

H Largest overall package dimension of width 

L Length of terminal for soldering to a substrate 

N Total number of potentially usable lead positions 

CP Seating plane coplanarlty 

Notes: 1. Controlling parameter: mm. 

2. All packages are gull wing lead form. 

3. "D" and "E" are reference datums and do not include mold flash or protrusions. 
Mold flash or protrusions shall not exceed 0.15mm .006 package ends and .01 O" on sides. 

4. A .25mm visual index feature must be located within the crosshatched area to indicate pin 1 position. 

5. Terminal numbers are shown for reference. 

m 

©1994 Microchip Technology Inc. DS00049E 

11-2-27 



~ 
MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 20-Lead Plastic Surface Mount 
(SSOP - 209 mil Body 5.30mm) 

DS00049E 

Index 
area 

T 
E 

j_ 

Symbol 
a 
A 
A 
B 
c 
D 
E 
e 
H 
L 
N 

CP 

~ 
H 

UUUUUUUUUUJ 
1 2 3 

Packa_Jlll Grol!I!! Plastic SSOP 
Miiiimeters 

Min Max Notes Min 
oo so oo 

1.73 1.99 0.068 
0.05 0.21 0.002 
0.25 0.3S 0.010 
0.13 0.22 0.005 
7.07 7.33 0.27S 
5.20 5.3S 0.205 
0.65 0.65 Reference 0.0256 
7.65 7.90 0.301 
0.55 0.95 0.022 
20 20 20 

- 0.1016 -

11-2-28 

Inches 
Max Notes 
so 

0.07S 
0.008 
0.015 
0.009 
0.2S9 
0.212 
0.0256 ~erence 

0.311 
0.037 

20 
0.004 
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Packaging Diagrams and Parameters 

Package Type: 28-Lead Plastic Surface Mount 
(SSOP - 209 mil Body 5.30mm) 

N 

1 2 3 

·~· We Base plane 

CP-

I D A 1 Seating plane 

Packa_g_e Grol,!2_: Plastic SSOP 
Millimeters 

Symbol Min Max Notes Min 
ll oo so oo 
A 1.73 1.99 0.06S 
A 0.05 0.21 0.002 
B 0.25 0.3S 0.010 
c 0.13 0.22 0.005 
D 10.07 10.33 0.396 
E 5.20 5.3S 0.205 
e 0.65 0.65 Reference 0.0256 
H 7.65 7.90 0.301 
L 0.55 0.95 0.022 
N 2S 2S 2S 

CP - 0.1016 -

©1994 Microchip Technology Inc. 
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Inches 

Max 
so 

0.07S 
o.oos 
0.015 
0.009 
0.407 
0.212 

0.0256 
0.311 
0.037 

2S 
0.004 

MICROCHIP 

Notes 

Reference 

m 
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Packaging Diagrams and Parameters 

Plastic Thin Small Outline and Very Small Outline Families (TSOP, VSOP) 

Symbol List for Thin Small Outline Package Parameter 

Symbol Description of Parameters 

a Angular spacing between min. and max. lead positions measured at the guage plane 

A Distance between seating plane to highest point of body 

A, Distance between seating plane and base plane 

B Width of terminals 

c Thickness of terminals 
D Largest overall package parameter of length 

E Largest overall package width parameter not including leads 

e Linear spacing of true minimum lead position center line to center line 

H Largest overall package dimension of V<(idth 

L Length of terminal for soldering to a substrate 

N Total number of potentially useable lead positions 

CP Seating plane coplanarity 

Notes: 1. Controlling parameter: inches. 

2. All packages are gull wing lead form. 

3. "D" and 'E' are reference datums and do not include mold flash or protrusions. 
Mold flash or protrusions shall not exceed .005 per side. 

4. A visual index feature must be located within the crosshatched area to indicate pin 1 position. 

5. Terminal numbers are shown for reference. 

DS00049E ©1994 Microchip Technology Inc. 
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Packaging Diagrams and Parameters 

Package Type: 28-Lead Plastic Surface Mount (TSOP 8 x 20mm) 

Index 
Area 

H 

E 

Seating 

~dr~~~~~~~~~~~~~~~\-1 
I See ~-'1 

MICROCHIP 

Base Detail 'A' 
Plane DETAIL 'A' 

Package Group: Plastic TSOP (TS) 

Mllllmeters Inches 
Symbol Min Max Notes Min Max Notes 

IX 0 a· 0 so 
A - 1.19 .047 
A, 0.00 0.15 .000 .006 
B 0.15 0.25 .006 .010 
c 0.10 0.20 .004 .008 
D 7.80 8.20 .307 .323 
E 18.29 18.49 .720 .728 
e .51 - Reference .020 - Reference 

H 19.81 20.19 .780 .795 

- - -
L 0.41 0.61 .016 .024 
N 28 28 28 28 

CP - 0.1016 .004 

©1994 Microchip Technology Inc. DS00049E 
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Packaging Diagrams and Parameters 

Package Type: 28-Lead Plastic Surface Mount (VSOP 8x13mm) 

:3 
r=t,---------- t: 
+ 

Seating 
Plane 

L-~r~========~ ?-~-~~ 
See ---./" - C 

Base Detail 'A' 
Plane 

Package Group: Plastic VSOP (VS) 

Mllllmeters 
Symbol Min Max Notes Min 

a 0 a· 0 
A - 1.25 -
A, 0.00 0.15 .000 
B 0.15 0.30 .006 
c 0.13 0.22 .005 
D 7.90 8.10 .311 
E 11.70 11.90 .461 
e .55 - Reference .022 
H 13.10 13.70 .516 

- - -
L 0.30 0.70 .012 

CP - 0.1016 -

Inches 

Max 
so 

.049 

.006 

.012 
.0086 
.319 

.469 

-
.539 

-
.027 

.004 

Notes 

Reference 

DS00049E ©1994 Microchip Technology Inc. 
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Packaging Diagrams and Parameters 

Plastic Metric Quad Flatpack Family (MQFP) 

Symbol List for Metric Plastic Quad Flat Pack Package Parameters 

Symbol Description of Parameters 

a Angular spacing between min and max lead posilions measured at the gauge plane 

A Distance between seating plane to highest point of body 

A, Distance between seating plane and base plane 

A, Distance from base plane to highest point of body 

b Width of terminals 

c Thickness of terminals 

D/E, Largest overall package parameter including leads 

D/E Largest overall package parameter including leads 

DjE, Center of end lead to center of end lead 

e Linear spacing of true minimum lead position center line to center line 

L Length of terminal for soldering to a substrate 

N Total number of potentially usable lead positions 

CP Seating plane coplanarity 

Notes 

1. 

2. 

3. 

All dimensioning and tolerancing conform to 
ANSI Y14, BM-1582. 

Datum Plane Gill is located at bottom of hold 
parting line and coincident with bottom of lead, 
where lead exits body. 

Datums I A-B landlIDto be determined at Datum 
plane [±El. 

To be determined at seating plane [3'8. 

Dimensions D1 and E1 do not include hold 
protrusion. Allowable protrusion is 0.25 mm per 
side. Dimensions D1 and E1 do not include hold 
mismatch and are determined at Datum Plane 

[}±]. 

& Details of pin 1 identifier are optional but must be 
located within the zone indicated. 

©1994 Microchip Technology Inc. 

ffi These dimensions to be determined at Datum 
plane t8J 

8. All dimensions in millimeters. 

£ Dimension b does not include Dambar protrusion. 
Allowable Dambar protrusion shall be 0.08mm 
total in excess of the b dimension at maximum 
material condition. Dambar cannot be located on 
the lower radius or the lead foot. 

~ Exact shape of this feature is optional. 

11. N is the number of leads. 

12. Controlling parameters: millimeters 

13. All packages are gull wing lead form. 

DS00049E 

Ill 



MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 44-Lead Plastic Surface Mount 
(MQFP 10x10mm Body 1.6/0.15mm Lead Form) 

Index/.:> 
area& 

e~y:tA J_ 

Base~ Seating 
Plane Plane 

A1 

Package Group: Plastic MQFP 

Miiiimeters 

Symbol Min Max Notes Min 

a oo 70 oo 
A 2.00 2.35 0.0787 

A, 0.05 0.25 0.0020 

A, 1.95 2.10 0.768 

b 0.30 0.45 Typical 0.0118 

c 0.15 0.18 .006 

D 12.95 13.45 0.510 

o, 9.90 10.10 0.390 

o, 8.00 8.00 Reference 0.315 

E 12.95 13.45 0.510 

E, 9.90 10.10 0.390 

E, 8.00 8.00 Reference .315 

e 0.80 0.80 .0315 

L 0.73 1.03 .0287 

N 44 44 44 

CP 0.102 .004 

Inches 

Max 
70 

0.0925 

0.0098 

0.0827 

0.0177 

.007 

0.530 

0.398 

0.315 

0.530 

0.398 

.315 

.0315 

.0406 

44 

I I 
~ 
1.60 Ref. 

Notes 

Typical 

Reference 

Reference 

DS00049E ©1994 Microchip Technology Inc. 
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MICROCHIP 

Devices in Die/Wafer Form - Non-Volatile Memory 

INTRODUCTION 
Microchip Technology lnc.'s non-volatile memory de
vices are available in wafer form and in die form. All 
products sold as die or wafers have been characterized 
and qualified according to the requirements of Microchip 
Technology Inc. Specifications SPl-41014, "Character
ization and Qualification of Integrated Circuits", and 
QCl-39000, "Worldwide Quality Conformance Require
ments•. 

PRODUCT INTEGRITY 

Product supplied in die or wafer form will be 100 percent 
visually inspected to the criteria defined in Microchip 
Technology Inc. Specification, QCl-30014, "Standard 
Visual Inspection Procedure of Dice Prior to Assembly 
for Commercial Products" 

Die/Wafer thickness is 18 mils or 21 mils depending on 
product. 

Wafers at reduced thicknesses are also available. 

CAUTION 

Some EEPROM products use EEPROM cells for device 
configuration. Exposure to uttra-violet light or x-rays 
must be avoided. Exposure to ultra-violet light orx-rays 
may cause the device to operate improperly. 

These products are susceptible to damage from electro
static discharge. Extreme care is urged in the handling 
and assembly of these products. 

BONDABILITY OF DIE TO 
SUBSTRATE 
Dice are capable of bonding either by using a gold 
eutectic bond to a gold plated pedestal containing 60 
micro-inches of gold, or by using an electrically conduc
tive adhesive (e.g. epoxy) to any substrate. 

C 1994 Microchip Technology Inc. 

BONDABILITY OF WIRES TO DIE 
Dice shall be capable of thermosonic gold or ultrasonic 
wire bonding such that the minimum conditions of MIL
STD 883, Method 2011 on "Bond Strength (Destructive 
Bond pull Test)" are met. 

PAD METALLIZATION 

Pad metallization is silicon doped aluminum. 

BACK SIDE PREPARATION 

Die and wafer back sides are backlapped and are 
without any gold coating. 

ELECTRICAL 
Dice are guaranteed to fully meet data sheet specifica
tions at the commercial temperature range of o•c to 
7C°C. 

The die back side is grounded through contacts internal 
to the part. Thus, ii is permitted to float the die mounting 
surface. It is recommended that the die mounting sur
face be grounded in multi-chip assemblies. 

PACKAGING 
Die shipped by Microchip Technology Inc. are placed in 
a "waflle pack" with sufficient cavity area to restrain the 
die while maintaining their orientation. Lint free paper 
inserts are placed over the waffle packs and each pack 
is secured with a plastic locking clip. Groups of waffle 
packs are assembled into sets for shipment. A label with 
lot number, quantity, part number and packing date is 
placed on each waffle pack. 

Wafers shipped by Microchip Technology Inc. are sepa
rated by lint free paper and dry packed in a shipping 
container of appropriate size which is labeled with lot Ill 
number, quantity, part number and packing date. 

DS11171B-page 1 



Devices in Die/Wafer Form 

DIE/WAFER PRODUCT OFFERING TEST FLOW 

All Microchip Technology lnc.'s serial EEPROMs, paral
lel EEPROMs and EPROMS are available in die or wafer 
form in the commercial temperature range of o•c to 
70"C. Part number suffixes of /s and /w are used to 
designate devices in die and wafer form, respectively. 

All Microchip Technology lnc.'s die products are sub
jected to functional and parametric testing at the wafer 
level. The typical EEPROM test flow is shown in 
Figure 1. 

FIGURE 1 • EEPROM TEST FLOW 

UNTESTED WAFERS 

I 
70°C ELECTRICAL AND 

FUNCTIONAL TEST 

l 
RETENTION BAKE 
5 HOURS@ 250°C 

1 
25°C ELECTRICAL AND 

FUNCTIONAL TEST 
(BAD DIE INKED) 

I 
SAW AND CLEAN DIE 

(NIA FOR WAFER SALES) 

j_ 
OPTICAL INSPECTION 

(100% VISUAL PER QCl-30014) 

I 
WAFFLE OR WAFER PACK 

j_ 
FINISHED GOODS 

INVENTORY 

I 
DIE/WAFER SHIPMENT 

DS11171B-page 2 C 1994 Microchip Technology Inc. 
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Factory Representatives 
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ASIA 

Hong Kong 

Memec (Asia Pacific) Ltd. 
Unit No. 2520-2525 
Tower 1, Metroplaza 
Hing Fong Road, Kwai Fong 
N.T., Hong Kong 
Tel: 852 410 2760 
Fax: 852 418 1600 

KQru 
Memec (Asia Pacific) Ltd. 
JE Woong Bldg. Third Floor 
176-11 Nonhyum-Dong 
Kangnam-ku 
Seoul, Korea 
Tel: 82 2 518 8181 
Fax: 82 2 518 9419 

Singapore 

Memec (Asia Pacific) Ltd. 
Singapore Representative Office 
10 Anson Road #14-02 
International Plaza 
Singapore 0207 
Tel: 65 222 4962 
Fax: 65 222 4939 

Taiwan 

Memec (Asia Pacific) Ltd. 
14F-1, No.171, Sec. 5, 
Min Sheng East Road 
Hai Hwa Bldg. 

Taipei, Taiwan 
Tel: 886 2 7602028 
Fax: 886 2 7651488 

CANADA 

Anmm 
Enerlec Sales, Ltd. 
37 Evergreen Terrace 
Calgary, Alb. T2Y 2V9 
Tel: 403 256 3627 
Fax: 403 254 9121 

British Columbia 

Enerlec Sales, Ltd. 
3671 Viking Way #7 
Richmond, B.C. V6V 1W1 
Tel: 604 273 0882 
Fax: 604 273 0884 

C 1994 Microchip Technology Inc. 

Factory Representatives 

Ontario 

Dynasty Components, Inc. 
1140 Morrison Drive - Unit 110 
Ottawa, Ontario K2H 859 
Tel: 613 596 9800 
Fax: 613 596 9886 

Dynasty Components, Inc. 
357 Hillsdale Avenue, E. 
Toronto, Ontario M4S 1T9 
Tel: 416 587 2278 
Fax: 416 489 3527 

Quebec 

Dynasty Components, Inc. 
1870 Blvd. des Sources, # 304 
Pointe Claire, P.O. H9R 5N4 
Tel: 514 984 5342 
Fax: 514 694 6826 

EUROPE 

Ireland 

Eltech Agencies Ltd. 
27 Maccurtain Street 
Cork 
Tel: 353 21 509366 
Fax: 353 21 509344 

MEXICO 
CompTech de Mexico 
An Morelos Sur 882 
Col Centro 
Cuernavaca, Morelos 
CP62000 Mexico 
Tel: 52 73 122733, 52 73142864 

5273183572 
Fax: 52 73 126368 

Electronica Seta, S.A. de C.V. 
Galeana No. 114-20 Piso 
La Loma, Tlalnepantla 
54060 Edo. de Mexico 
Tel: 390 7713, 390 82 87, 

390 44 91, 390 85 26, 
390 58 95 

Fax: 390 94 68 

Semiconductores Profesionales 
Madrid No. 55 
Col. Del Carmen Coyoacan 
04100 Mexico, D.F. 
Tel: 658 60 11, 658 67 80, 

658 36 61, 659 47 56 
Fax: 658 60 44 
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SOUTH AMERICA 

Argentina 

lbars Electronic Corporation 
7760 W. 2oth Avenue 
Suite 2 
Hialeah, FL 33016 U.S.A. 
Tel: 305 557 6305/06 
Fax: 305 557 7429 

Brazil 

Aplicacoes Eletronicas Artimar Ltda. 
Rua Marques De ltu, 70-10 And. 
Caixa Postal 5881 e 9498 
CEP 01223- Sao Paulo, Brazil 
Tel: 231 0277 
Fax: 255 0511 

Columbia 

lbars Electronic Corporation 
7760 W. 2oth Avenue 
Suite2 
Hialeah, FL 33016 U.S.A. 
Tel: 305 557 6305/06 
Fax: 305 557 7429 

Venezula 

lbars Electronic Corporation 
7760 W. 2oth Avenue 
Suite2 
Hialeah, FL 33016 U.S.A. 
Tel: 305 557 6305/06 
Fax: 305 557 7429 

USA 

Alabama 

Electramark, Inc. 
500 Wynn Drive, Suite 521 
Huntsville, AL 35816 
Tel: 205 830 4400 
Fax: 205 830 4406 

Arizona 

Western High Tech Marketing, Inc. 
9414 E. San Salvador, Suite 206 
Scottsdale, AZ 85258 
Tel: 602 860 2702 
Fax: 602 860 2712 

Arl<ansas 

CompTech Sales, Inc. 
18700 Woodbriar Lane 
Catoosa, OK 74015 
Tel: 918 266 1966 
Fax: 918 2661808 

DS00056G-page 1 
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Factory Representatives 

California 

Trinity Technologies 
1261 Oakmead Parkway 
Sunnyvale, CA 94086 
Tel: 408 733 9000 
Fax: 408 733 9970 

Competitive Technology, Inc. 
200 Baha Street, Suite 101 
Costa Mesa, CA 92626 
Tel: 714 540 5501 
Fax: 714 540 5171 

Eagle Technical Sales 
1900 Sunset Drive, Suite A 
Escondido, CA 92025 
Tel: 619 743 6550 
Fax: 619 743 6585 

Colorado 

Western Region Marketing, Inc. 
9176 Marshall Place 
Westminster, CO 80030 
Tel: 303 428 8088 
Fax: 303 426 8585 

Connecticut 

S-J Associates Inc. 
1 O Copper Ridge Circle 
Guilford, CT 06437 
Tel: 203 458 7558 
Fax: 203 4581181 

S-J Associates Inc. 
15 Coventry Lane 
Naugatuck, CT 06770 
Tel: 203 723 4707 
Fax: 203 7231629 

Delaware 

S-J Mid-Atlantic, Inc. 
131-D Gaither Drive 
Mt. Laurel, NJ 08054 
Tel: 609 866 1234 
Fax: 609 866 8627 

Florida 

Electramark Florida, Inc. 
14021-B North Dale Mabry 
Tampa, FL 33618 
Tel: 813 962 1882 
Fax: 813 961 0664 

Electramark Florida, Inc. 
401 Whooping Loop, Suite 1565 
Altamonte Springs, FL 32701 
Tel: 407 830 0844 
Fax: 407 830 0847 

DS00056G-page 2 

Florida (cont.) 

Electramark Florida, Inc. 
10360 NW 18 Manor 
Plantation, FL 33322 
Tel: 305 424 2872 
Fax: 305 4521974 

Georgia 

Electramark, Inc. 
6030H Unity Drive 
Norcross, GA 30071 
Tel: 404 446 7915 
Fax: 404 263 6389 

J.!.!!ngl§ 

Spectrum Sales 
100 St. Francois Street 
Suite 114 
Florissant, MO 63031 
Tel: 314 921 1313 
Fax: 314 921 0701 

Janus Incorporated 
650 E. Devon Ave. 
Itasca, IL 60143 
Tel: 708 250 9650 
Fax: 708 250 8761 

!mll.lnl. 
Electro Reps, Inc. 
125 Airport North Office Park 
Fort Wayne, IN 46825 
Tel: 219 489 8205 
Fax: 219 489 8408 

Electro Reps, Inc. 
7240 Shadeland Station #275 
Indianapolis, IN 46256 
Tel: 317 842 7202 
Fax: 317 841 0230 

Iowa 

Spectrum Sales 
1364 Elmhurst Dr. NE 
Cedar Rapids, IA 52402 
Tel: 319 366 0576 
Fax: 319 366 0635 

Klnl.H 
Spectrum Sales 
5382 W. 95th Street 
Prairie Village, KS 66207 
Tel: 913 648 6811 
Fax: 9136486823 
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Kentucl(y 

Electro Reps, Inc. 
7240 Shadeland Station #275 
Indianapolis, IN 46256 
Tel: 317 842 7202 
Fax: 317 841 0230 

TMC Electronics 
7838 Laurel Avenue 
Cincinnati, OH 45243 
Tel: 513 271 3860 
Fax: 513 271 6321 

Louisiana 

CompTech Sales, Inc. 
15415 Katy Fwy., Suite 209 
Houston, TX 77094 
Tel: 713 492 0005 
Fax: 713 492 6116 

CompTech Sales, inc. 
2401 Gateway Dr., Suite 114 
Irving, TX 75063 
Tel: 214 7511181 
Fax: 214 550 8113 

Maryland 

S-J New York 
265 Sunrise Highway 
Rockville Centre, NY 11570 
Tel: 516 536 4242 
Fax: 516 536 9638 

Massachusetts 

S-J Associates Inc. 
44Mall Road 
Burlington, MA 01803 
Tel: 617 272 5552 
Fax: 617 272 5515 

Michigan 

J.L. Montgomery Associates, Inc. 
2215 Oak Industrial Drive N.E. 
Grand Rapids, Ml 49505 
Tel: 616 458 5490 
Fax: 616 458 5709 

Minnesota 
Com-Tek Sales, Inc. 
6525 City West Parkway 
Eden Prairie, MN 55344 
Tel: 612 941 7181 
Fax: 612 941 4322 

C 1994 Microchip Technology Inc. 



Factory Representatives 

Mississippi New York .Qmmm 

Electramark, Inc. Apex Associates, Inc. Micro Sales 
491 O Corporate Dr., Suite J 121 o Jefferson Rd. 1865 NW 169th Place, Suite 210 
Huntsville, AL 35805 Rochester, NY 14623 Beaverton, OR 97006 
Tel: 205 830 4400 Tel: 716 272 7040 Tel: 503 645 2841 
Fax: 205 830 4406 Fax: 716 272 7756 Fax: 503 645 3754 

Missouri S-J New York Pennsylvania 
Spectrum Sales 265 Sunrise Highway S-J Mid-Atlantic, Inc. 
100 St. Francois Street, Suite 114 Rockville Centre, NY 11570 131-D Gaither Drive 
Florissant, MO 63031 Tel: 5165364242 Mt. Laurel, NJ 08054 
Tel: 314 9211313 Fax: 516 536 9638 Tel: 609 8661234 
Fax: 314 921 0701 Fax: 609 866 8627 

Parallax 

Spectrum Sales 734 Walt Whitman Road TMC Electronics 
5382 W. 95th Street Melville, NY 11747 (Western Pennsylvania) 
Prairie Village, KS 66207 Tel: 516 351 1000 7838 Laurel Avenue 
Tel: 913 648 6811 Fax: 516 351 1606 Cincinnati, OH 45243 
Fax: 913 648 6823 North Carolina Tel: 513 271 3860 

Fax: 513 271 6321 
Nebraska Zucker Associates 

Spectrum Sales 4070 Barrett Drive Rhode Island 
5382 W. 95th Street Raleigh, NC 27609 S-J New England 
Prairie Village, KS 66207 Tel: 919 782 8433 44Mall Road 
Tel: 9136486811 Fax: 919 782 8476 Burlington, MA 01803 
Fax: 913 648 6823 North Dakota Tel: 617 272 5552 

Fax: 617 272 5515 
~ Comp-Tech Sales, Inc. 

Western High Tech Marketing, Inc. 6525 City West Parkway South Carolina 
(Clark County Only) Eden Prairie, MN 55344 Zucker Associates 
9414 E San Salvador, Suite 206 Tel: 612 941 7181 4070 Barrett Drive 
Scottsdale, AZ 85258 Fax: 612 941 4322 Raleigh, NC 27609 
Tel: 602 860 2702 Q!ll.Q Tel: 919 782 8433 
Fax: 602 860 2712 Fax: 919 782 8476 

TMC Electronics 
New Jersey 9200 Montgomery Road South Dakota 

Parallax Suite 11A CompTech Sales, Inc. 
734 Walt Whitman Rd. Cincinnati, OH 45242 6525 City West Parkway 
Melville, NY 11747 Tel: 513 984 6720 Eden Prairie, MN 55344 
Tel: 516 351 1000 Fax: 513 984 6874 Tel: 612 941 7181 
Fax: 516 351 1606 

TMC Electronics 
Fax: 612 941 4322 

S-J Mid-Atlantic, Inc. 7017 Pearl Rd. Tennessee 
131-D Gaither Drive Middleburg Heights, OH 44130 

Electramark, Inc. 
Mt. Laurel, NJ 08054 Tel: 216 885 5544 

(Western Tennessee) 
Tel: 609 866 1234 Fax: 216 885 5011 491 o Corporate Dr., Suite J 
Fax: 609 866 8627 Oklahoma Huntsville, AL 35805 

New Mexico 
Tel: 205 830 4400 

CompTech Sales, Inc. Fax: 205 830 4406 
Western High Tech Marketing, Inc. 18700 Woodbriar Lane 

9414 E San Salvador, Suite 206 Catoosa, OK 74015 Zucker Associates 
Scottsdale, AZ 85258 Tel: 918 2661966 (Eastern Tennessee) m Tel: 505 884 2256 Fax: 918 266 1808 4070 Barrett Drive 
Fax: 505 884 2258 Raleigh, NC 27609 

Tel: 919 782 8433 
Fax: 919 782 8476 
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Factory Representatives 

~ 

CompTech Sales, Inc. 
11130 Jollyville Rd., Suite 200 
Austin, TX 78759 
Tel: 512 343 0300 
Fax: 512 345 2530 

CompTech Sales, Inc. 
3120 Wheeling Road 
El Paso, TX 79930 
Tel: 915 566 1022 
Fax: 915 566 1030 

CompTech Sales, Inc. 
15415 Katy Fwy., Suite 209 
Houston, TX 77094 
Tel: 713 492 0005 
Fax: 7134926116 

CompTech Sales, Inc. 
2401 Gatewav Dr., Suite 114 
Irving, TX 75003 
Tel: 214 751 1181 
Fax: 2145508113 

CompTech Sales, Inc. 
85 NE Loop 410, Suite 202 
San Antonio, TX 78216 
Tel: 210 525 9913 
Fax: 210 979 0311 

CompTech Sales, Inc. 
505 E. Jackson, Suite 300 
Harlingen, TX 78550 
Tel: 512 421 4501 
Fax: 512 421 3265 

DS00056G·page 4 

.YJlh 
Western Region Marketing, Inc. 
3539 S Main - Suite 210 
Salt Lake City, UT 84115 
Tel: 801 268 9768 
Fax: 801 268 9796 

~ 
S-J Chesapeake 
900 S. Washington Street 
Suite B2 
Falls Church, VA 20046 
Tel: 703 533 2233 
Fax: 703 533 2236 

washlngton 

Micro Sales 
2122-112thAvenue, NE 
Bellevue, WA 98004-1493 
Tel: 206 451 0568 
Fax: 206 453 0092 

West Virginia 
TMC Electronics 
7838 Laurel Avenue 
Cincinnati, OH 45243 
Tel: 513 271 3860 
Fax: 513 271 6321 
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Wisconsin 
Janus, Inc. 
375 Williamstowne 
Delafield, WI 53018 
Tel: 414 646 5420 
Fax: 414 646 5421 

Wyoming 

Western Region Marketing, Inc. 
9176 Marshall Place 
Westminster, CO 80030 
Tel: 303 428 8088 
Fax: 303 426 8585 
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AFRICA 

South Africa 

Pace Electronic Components Pty 
Cnr. Van Acht & Gewel Streets 
P.O. Box701 
lsando 1600, Transvaal 
Tel: 11 974 1211 
Fax: 11 974 1271 

ASIA 

Hong Kong 

Maxisum Limited 
Unit 2520-2525 Tower 1 
Metroplaza, Hing Fong Road 
Kwai Fong, N.T., Hong Kong 
Tel: 852 4180909 
Fax: 852 4181600 

Dainichi Contronics Inc. 
Dainichi Bldg. 1-7 Karaku 
1-Chome, Bunkyo-Ku 
Tokyo 112, Japan 
Tel: 3 3818 8081 
Fax: 3 3818 8088 

Marubeni Hytech Co., Ltd. 
Marubeni Hytech Building 
4-20-22, Koishikawa 
Bunkyo-Ku 
Tokyo 112, Japan 
Tel: 3 817 4921 
Fax: 3 817 4880 

Nippon Precision Device Corp. 
Nichibei Time 24 Bldg. 
35 Tansu-Cho, Shinjuku-Ku 
Tokyo 162, Japan 
Tel: 3 3260 1411 
Fax: 3 3260 7100 

KQr.u 
ProChips Inc. 
779-12, Daelim 3-Dong 
Youngdeungpo-Ku 
Seoul, Korea 
Tel: 02 849 8567 
Fax: 02 849 8659 

Taiwan. R.O.C. 

Pinnacle Technologies Co. Ltd. 
3F, 5 Lane 768, Sec. 4 
Pa-Teh Road 
Taipei, Taiwan 
Tel: 02 788 4800 
Fax: 02 788 5969 

01994 Microchip Technology Inc. 

Solomon Technology Corp. 
5th Floor, No. 293, Sec. 5 
Chung Hsiao E. Rd. 
Taipei, Taiwan 
Tel: 886 2 760 5858 
Fax: 886 2 756 9959 

AUSTRALIA 
NSD Australia 
205 Middleborough Road 
Box Hill, Victoria 3128 
Tel: 61 03 890 0970 
Fax: 61 03 899 5191 

CANADA 

~ 
Future Electronics 
3833 - 29th Street N.E. 
Calgary, Alberta, TIY 6B5 
Tel: 403 250 5550 
Fax: 403 291 7054 

Farnell Electronic Services 
3015- 5th Ave. 
Suite 210 
Calgary, Alberta, T2A 6T8 
Tel: 403 273 2780 
Fax: 403 273 7458 

Future Electronics 
4606 - 97th Street 
Edmonton, Alberta, TSE 5N9 
Tel: 403 438 2858 
Fax: 403 434 0812 

Semad Electronics 
6815 8th St. N.E., Ste. 175 
Calgary, Alberta, T2E 7H7 
Tel: 403 252 5664 
Fax: 1 800 565 9779 

British Columbia 

Future Electronics 
1695 Boundary Road 
Vancouver, B.C., V5K 4X7 
Tel: 6042941166 
Fax: 604 294 1206 

Farnell Electronic Services 
8525 Baxter Place, Unit 101 
Production Court 
Burnaby, B.C., V5A 4V7 
Tel: 604 421 6222 
Fax: 604 421 0582 

Semad Electronics 
3700 Gilmore Way 
Burnaby, B.C., V5G 4M1 
Tel: 604 451 3444 
Fax: 604 451 3445 
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Distributors 

Manitoba 

Future Electronics 
106 King Edward 
Winnipeg, Manitoba, R3H ONS 
Tel: 204 786 7711 
Fax: 204 7838133 

Farnell Electronic Services 
1313 Border Street, Unit 35 
Winnipeg, Manitoba, R3H OX4 
Tel: 204 697 2300 
Fax: 204 697 2293 

Q.nladQ 
Future Electronics 
1050 Baxter Road 
Ottawa, Ontario, K2C 3P2 
Tel: 613 820 8313 
Fax: 613 820 3271 

Farnell Electronic Services 
39 Robertson Road 
Suite 506, Bell Mews 
Nepean, Ontario, K2H 8R2 
Tel: 613 596 6980 
Fax: 613 596 6987 

Semad Electronics 
2781 Lancaster Road, Suite 302 
Ottawa, Ontario, K1 B 1A7 
Tel: 6135264866 
Fax: 613 523 4372 

Future Electronics 
5935 Airport Road, Suite 200 
Mississauga, Ontario, L4V IW5 
Tel: 416 612 9200 
Fax: 416 612 9185 

Farnell Electronic Services 
300 N. Rivermede Road 
Concord, Ontario, L4K 2Z4 
Tel: 4167984884 
Fax: 416 798 4889 

Semad Electronics 
85SpyCourt 
Markham, Ontario, L3R 4Z4 
Tel: 416 475 3922 
Fax: 416 475 4158 
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Distributors 

~ 
Farnell Electronic Services 
6600 Trans Canada Highway 
Pointe-Claire, Quebec H9R 482 
Tel: S14 694 7710 
Fax: S14 694 9989 

Samad Electronics 
243 Place Frontenac 
Pointe Clare, Quebec, H9R 4Z7 
Tel: S14 694 0860 
Fax: S14 694 096S 

Future Electronics 
1000 Ave. St. Jean Baptiste 
Suite 100 
Quebec City, Quebec, G2E SGS 
Tel: 418 877 6666 
Fax: 418 877 6671 

Future Electronics 
237 Hymas Blvd. 
Point Claire P.Q. H9R SC7 
Tel: S14 694 7710 
Fax: S14 69S 3707 

EUROPE 

AHlriil 
Elbatex Electronics GmbH 
Rotennuehlgasse 26 
A-1120Wien 
Tel: 43 222 8135646 
Fax: 43 222 834276 

Elbatex Gruppe 
Eitnergasse 6 
A1233Wien 
Tel: 43 1 81602 0 
Fax: 43 1 863211 201 

Belgium 

Sonetech N.V. 
De Limburg Stirumlaan 243 
Bus3 
B-1780 Wemmel 
Tel: 32 2 460 0707 
Fax: 32 2 460 1200 

Portugal 

Digicontrole 
Dpt Comercial 
Ave. Eng Arantes E Oliveira S2d 
1900 Lisboa 

DS00056G-page 2 

Denmark 

ExatecA/S 
Mileparken 20E 
2740 Skovlund 
Tel: 4S 44 92 7000 
Fax: 4S 44 92 6020 

England 

Eiger Technology Ltd. 
14 Howard Court 
Manor Park Avenue 
Manor Park Runcorn 
Cheshire, England WA71SJ 
Tel: 44 928 S79009 
Fax: 44 928 S79123 

Farnell Electronics 
Canal Road 
Leeds, LS12 2TU 
Tel: 44 S32 636311 
Fax: 44 532 6334 i i 

Future Electronics Ltd. 
Future House Poyle Road 
Colnbrook, Berks, SL3 OEZ 
Tel: 44 753 687000 
Fax: 44 753 689100 

H.B. Electronics Ltd. 
Lever Street 
Bolton, Lancashire, BL3 6BJ 
Tel: 44 204 2 5544 
Fax: 44 204 384911 

Hawke Components Ltd. 
26 Campbell Court 
Bramley 
NR Basingstoke, Hants, RG26 5EG 
Tel: 44 256 880800 
Fax: 44 2S6 880325 

Farnell Electronic Services 
346 Edinburgh Ave. 
Slough, Berks, SL 1 4TU 
Tel: 44 753 824131 
Fax: 44 753 824160 

Polar Electronics PLC 
Cherrycourt Way 
Leighton Buzzard 
Bedfordshire LU7 8YY 
Tel: 44 525 377093 
Fax: 44 525 378367 
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.Emnce. 
Farnell Electronic Services 
16 Avenue des Andes 
ZA de Courtaboeuf - BP 16 
91941 LES ULIS Cedex A 
Tel: 33 1 64 460200 
Fax: 33 1 64 463898 

Mecodis 
Pare d'Activites 
3 Allee des Erables 
94042 CRETEIL Cedex 
Tel: 33 1 43 994400 
Fax: 33 1 43 999828 

Germany 

Avnet E2000 GmbH 
Stahlgruberring 12 
D-81801 Muenchen 82 
Tel: 089 45110 01 
Fax: 08945110210 

Future Electronics Deutschland 
Munchner Strasse 18 
85774 Unterfohing 
Munich, Gennany 
Tel: 49 89 9S71950 
Fax: 49 89 9S7 1940 

Metronik GmbH 
Leonhardsweg 2 
D82003 Unterhaching 
Tel: 89 611080 
Fax: 89 6112246 

Rutronik RSC-Halbleiter GmbH 
I ndustriestr 2 
75228 lspringen/Pforzheim 
Germany 
Tel: 49 07231 8010 
Fax: 49 07231 82282 

Semitron W. Roeck & Co. 
Im Gut 1 
D79790 Kuessaberg 
Tel: 49 7742 80010 
Fax: 49 7742 6901 

~ 
P. Caritato & Associates S.A. 
Ilia lliou 31 
Athens 11743 
Tel: 30 1 9020115 
Fax: 30 1 9017024 
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Israel 

Elina Electronics Ltd. 
14 Raoul Wallenberg St. 
P.O. Box 13190 
Tel Aviv 61131 
Tel: 972 3 498543 
Fax: 972 3 498745 

Italy 

Eurelettronica Sri 
Viale E. Fermi 8 
20090 Assago Milano 
Tel: 39 2 457 841 
Fax: 39 2 488 0275 

Farnell Spa 
Viale Milanofiori E/5 
20090 Assago Milano, 
Tel: 39 2 8247 0215 
Fax: 39 2 8247 0278 

Kevin 
Via del Gradenigo, 3 
20148 Milano 
Tel: 39 2 4870 6300 
Fax: 39 2 4870 6500 

Netherlands 

Semicon B.V. 
Gulberg 33 
P.O. Box258 
NL-5670 AG Nuenen 
Tel: 31 40 837075 
Fax: 3140832300 

Norway 

Odin Elektronik AB 
P.O. Box 9376 Gronlund 
N0135 Oslo 
Tel: 47 22 677 290 
Fax: 47 677 380 

SQfiln 

Sagitron 
Corazon de Maria 80/82 
28002 Madrid 
Tel: 34 1416 9261 
Fax: 341415 8652 

Sweden 

MEMEC Scandinavia AB 
Kvarnholmsvagen 52 
131 31 Nacka 
Tel: 46 8 6434190 
Fax: 46 8 6431195 
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Switzerland 

Elbatex Gruppe AG 
Hardstr. 72 
CH-5430 Wettingen 
Tel: 411 56275111 
Fax: 41 1 56 275454 

EllypticAG 
Fellenbergsuresse 281 
CH 8047 Zurich 

Semitron W. Roeck & Co. 
Promenadenstrasse 6 
CH 8437 Zurich 

Turkey 

Inter Muehendislik Danismanlik 
Ve Ticaret A.S.1 
Hasircibasi Caddesi No. 55 
81310 Kadikoy 
Istanbul 
Tel: 90 1 349 94 00 
Fax: 90 1 349 94 30 

SOUTH AFRICA 

lsando 

Pace Electronic Components Ltd. 
Cnr. Vanacht & Gewel Streets 
P.O. Box701 
lsando 1600, Transvaal 
Tel: 2711 974 1211/6 
Fax: 27 11 974 1271 

SOUTH AMERICA 

Brazil 

Aplicacoes Electronicas Artimar 
Rue Marques de ltu,70-1-AND. 
Caixa Postal 5881*9498 
Cep 01223 
Sao Paulo, Brazil 
Tel: 55112310277 
Fax: 55112550511 

USA 

Alabama 

Future Electronics 
4835 University Square, Suite 12 
Huntsville, AL 35816 
Tel: 205 830 2322 
Fax: 205 830 6664 

Pioneer Technologies 
4835 University Square #5 
Huntsville, AL 35816 
Tel: 205 837 9300 
Fax: 205 837 9358 
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Distributors 

Arizona 

Bell Industries 
140 S. Linden Lane #102 
Tempe, AZ 85281 
Tel: 602 966 3600 
Fax: 602 967 6584 

Future Electronics 
4636 E. University Dr. 
Suite 245 
Phoenix, AZ 85034 
Tel: 602 968 7140 
Fax: 602 968 0334 

California 

Bell Industries 
1161 N. Fairoaks Ave. 
Sunnyvale, CA 94089 
Tel: 408 734 8570 
Fax: 408 734 8875 

Future Electronics 
2220 O'Toole Avenue 
San Jose, CA 95131 
Tel: 408 434 1122 
Fax: 408 433 0822 

Pioneer Technical Products 
134 Rio Robles 
San Jose, CA 95134 
Tel: 408 954 9100 
Fax: 408 954 9113 

Bell Industries 
4311 Anthony Court, Suite 100 
Rocklin, CA 95677 
Tel: 916 652 0414 
Fax: 916 652 0403 

Bell Industries 
220 Technology Drive, Suite 100 
Irvine, CA 92718 
Tel: 714 727 4500 
Fax: 714 453 4610 

Bell Industries 
30101 Agoura Court, Suite 118 
Agoura Hills, CA 91301 
Tel: 818 865 7900, 1 800 256 6666 
Fax: 818 991 7695 

Future Electronics 
27489 W. Agoura Road, Suite 300 m 
Agoura Hills, CA 91301 
Tel: 818 865 0040, 1 800 876 6008 
Fax: 818 865 1340 
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Distributors 

California (cont.) 

Pioneer Standard 
5126 Clareton Drive #160 
Agoura Hills, CA 91301 
Tel: 818 865 5800 
Fax: 818 865 5814 

Future Electronics 
1692 Browning Ave. 
Irvine, CA 92714 
Tel: 7142504141 
Fax: 714 250 4185 

Pioneer Standard 
217 Technology Drive #11 O 
Irvine, CA 92718 
Tel: 714 573 5090, 1 800 535 1430 
Fax: 714 753 5074 

Aegis Electronic Group, Inc. 
1015 Chestnut Ave. 
Suite G2 
Carlsbad, CA 92008 
Tel: 619 729 2026 
Fax: 619 729 9295 

Bell Industries 
5520 Ruffin Road, Suite 209 
San Diego, CA 92123 
Tel: 619 576 3294 
Fax: 714 453 4610 

Future Electronics 
5151 Shoreham Place 
Suite 220 
San Diego, CA 92122 
Tel: 619 625 2800 
Fax: 619 625 2810 

Pioneer Standard 
4370 La Jolla Village Dr., 4th Floor 
San Diego, CA 92122 
Tel: 619 546 4906 
Fax: 619 535 8154 

Colorado 

Bell Industries 
1873 S. Bellaire St. 
Denver, CO 80222 
Tel: 303 691 9010 
Fax: 303 691 9036 

Future Electronics 
12600 W. Colfax Avenue 
Suite B110 
Lakewood, CO 80215 
Tel: 303 232 2008 
Fax: 303 232 2009 

DS00056G-page 4 

Connecticut 

Future Electronics 
700 West Johnson Ave. 
Cheshire, CT 06410 
Tel: 203 250 0083 
Fax: 203 250 0081 

Phase 1 Technology Corporation 
36A Padanarm Road 
Danbury, CT 06811 
Tel: 203 791 9042 
Fax: 201 790 6128 

Pioneer Standard 
Two Trap Falls #101 
Shelton, CT 06484 
Tel: 203 929 5600 
Fax: 203 929 9791 

Florida 

Beil industries 
650 s. Northlake Blvd, Suite 400 
Altamonte Springs, FL 32701 
Tel: 407 339 0078 
Fax: 407 339 0139 

Future Electronics 
650 S. Northlake Blvd. 
Suite 520 
Altamonte Springs, FL 32701 
Tel: 4077678414 
Fax: 407 834 9318 

Pioneer Technologies 
337 South-North Lake #1000 
Altamonte Springs, FL 32701 
Tel: 407 834 9090 
Fax: 407 834 0865 

Future Electronics 
2200 Tall Pines Drive 
Suite 108 
Largo, FL 34641 
Tel: 813 530 1222 
Fax: 813 538 9598 

Pioneer Technologies 
674 S. Military Trail 
Deerfield Beach, FL 33442 
Tel: 305 428 00n 
Fax: 305 481 2950 

Georgia 

Pioneer Technologies 
4250 C Rivergreen Parkway 
Duluth, GA 30136 
Tel: 404 623 1003 
Fax: 404 623 0665 
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Georgia 

Bell Industries 
3020 Business Park Drive 
Suite A 
Norcross, GA 30071 
Tel: 404 446 7167 
Fax: 404 446 7264 

Future Electronics 
3150 Holcomb Bridge Road 
Suite 130 
Norcross, GA 30071 
Tel: 404 441 7676 
Fax: 404 441 7580 

Illinois 

Bell Industries 
870 Cambridge Drive 
Elk Grove Village, IL 60007 
Tel: 708 640 1910 
Fax: 708 640 1942 

Future Electronics 
3150 W. Higgins Rd., Suite 160 
Hoffman Estates, IL 60195 
Tel: 708 8821255 
Fax: 708 490 9290 

Pioneer Standard 
2171 Executive Drive #200 
Addison, IL 60101 
Tel: 708 495 9680 
Fax: 708 495 9831 

Indiana 

Bell Industries 
3433 E. Washington Blvd. 
Fort Wayne, IN 46803 
Tel: 219 422 4300 
Fax: 219 423 3420 

Bell Industries 
5230 W. 79th St. 
Indianapolis, IN 46268 
Tel: 317 875 8200 
Fax: 317 875 8219 

Future Electronics 
8425 Woodfield Crossing 
Suite 175 
Indianapolis, IN 46240 
Tel: 317 469 04n 
Fax: 317 469 0448 

Pioneer Standard 
9350 N. Priority Way W. Dr. 
Indianapolis, IN 46240 
Tel: 317 573 0880 
Fax: 317 573 0979 
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Kansas 

Future Electronics 
8826 Santa Fe Drive, Suite 150 
Overland Park, KS 66212 
Tel: 913 649 1531 
Fax: 913 6491786 

Maryland 

Bell Industries 
8945 Guilford Rd., Suite 130 
Columbia, MD 21046 
Tel: 4102905100 
Fax: 410 290 8006 

Future Electronics 
6716 Alexander Bell Drive #101 
Columbia, MD 21046 
Tel: 410 290-0600 
Fax: 410 290 0328 

Pioneer Technologies 
9100 Gaither Road 
Gaithersburg, MD 20877 
Tel: 301 921 0660 
Fax: 301 921 4255 

Vantage Components, Inc. 
6925 R. Oakland Mills Road 
Columbia, MD 21045 
Tel: 401 720 5100 
Fax: 401 381 2172 

Massachusetts 

Bell Industries 
100 Burtt Road, Suite 106 
Andover, MA 01810 
Tel: 508 474 8880 
Fax: 508 474 8902 

Future Electronics 
41 Main Street 
Bolton, MA 01740 
Tel: 508 779 3000 
Fax: 508 779 5143 

Pioneer Standard 
44 Hartwell Ave. 
Lexington, MA 02173 
Tel: 617 861 9200 
Fax: 617 863 1547 
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Michigan 

Future Electronics 
35200 Schoolcraft Road, Suite 106 
Livonia, Ml 48150 
Tel: 313 261 5270 
Fax: 313 261 8125 

Future Electronics 
4505 Broadmoor SE 
Grand Rapids, Ml 49512 
Tel: 616 698 6800 
Fax: 616 698 6821 

Pioneer Standard 
4595 Broadmoor, Suite 235 
Grand Rapids, Ml 49512 
Tel: 616 698 1800 
Fax: 616 698 1831 

Pioneer Standard 
44190 Plymouth Oaks Drive 
Plymouth, Ml 48170 
Tel: 313 416 2157 
Fax: 3134162415 

Minnesota 

Digi-Key Corporation 
701 Brooks Ave. So. 
P.O. Box677 
Thief River Falls, MN 55344 
Tel: 218 681 6674 
Fax: 218 681 3380 

Future Electronics 
10025 Valley View Road, Suite 196 
Eden Prairie, MN 55344 
Tel: 612 994 2200 
Fax: 612 994 2520 

Pioneer Standard 
7625 Golden Triangle 
Eden Prairie, MN 55344 
Tel: 612 944 3355 
Fax: 612 944 3794 

Missouri 

Future Electronics 
12125 Woodcrest Executive Dr. 
Suite 220 
St. Louis, MO 63141 
Tel: 314 469 6805, 1 800 727 6805 
Fax: 314 469 7226 

1?-1'.'I 

Distributors 

New Jersey 

Bell Industries 
271 Route 46 West 
Suites F202-203 
Fairfield, NJ 07004 
Tel: 201 227 6060 
Fax: 201 227 2626 

Future Electronics 
12 East Stow Road, Suite 200 
Marlton, NJ 08053 
Tel: 609 596 4080 
Fax: 609 596 4266 

Future Electronics 
1259 Route 46 East 
Parsippany, NJ 07054 
Tel: 201 299 0400 
Fax: 201 2991377 

Phase 1 Technology Corporation 
295 Molnar Drive 
Elmwood Park, NJ 07 407 
Tel: 201 791 2990 
Fax: 201 791 2552 

Pioneer Standard 
14A Madison Road 
Fairfield, NJ 07006 
Tel: 201 575 3510 
Fax: 201 575 3454 

Vantage Components, Inc. 
23 Sebago Street 
Clifton, NJ 07013 
Tel: 2017774100 
Fax: 201 777 6194 

New Mexico 

Bell Industries 
11728 Linn N.E. 
Albuquerque, NM 87123 
Tel: 505 292 2700 
Fax: 505 275 2819 

New York 

Future Electronics 
200 Salina Meadows, Suite 130 
Syracuse, NY 13212 
Tel: 315 451 2371 
Fax: 315 451 7258 

Future Electronics 
300 Linden Oaks 
Rochester, NY 14625 
Tel: 716 2721120 
Fax: 716 272 7182 
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Distributors 

New York (cont.) 

Pioneer Standard 
840 Fairport Park 
Fairport, NY 14450 
Tel: 716 381 7070 
Fax: 716 381 5955 

Pioneer Standard 
1249 Front Street, Suite 201 
Binghampton, NY 13904 
Tel: 607 722 9300 
Fax: 607 722 9562 

Phase 1 Technology Corporation 
46 Jefryne Blvd. 
Deer Park, NY 11729 
Tel: 516 254 2600 
Fax: 516 254 2693 

Future Electronics 
801 fv1otor Parkway 
Hauppauge, NY 11788 
Tel: 516 234 4000 
Fax: 516 234 6183 

Pioneer Standard 
60 Crossways Park West 
Woodbury, NY 11797 
Tel: 516 6771726 
Fax: 516 921 2143 

Vantage Components, Inc. 
1056 West Jericho Turnpike 
Smithtown, NY 11787 
Tel: 516 543 2000 
Fax: 516 543 2030 

North Carolina 

Future Electronics 
5225 Capital Blvd. 
1 North Commerce Center 
Raleigh, NC 27604 
Tel: 919 790 7111 
Fax: 919 790 9022 

Pioneer Technologies 
2200 Gateway Centre Blvd. 
Suite 215 
Morrisville, NC 27560 
Tel: 919 460 1530 
Fax: 919 460 1540 
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Future Electronics 
6009-E Landerhaven Dr. 
Mayfield Heights, OH 44124 
Tel: 216 449 6996 
Fax: 216 449 8987 

Future Electronics 
1430 Oak Court, Suite 203 
Beavercreek, OH 45430 
Tel: 513 426 0090 
Fax: 513 426 8490 

Pioneer Standard 
4800 East 131st St. 
Cleveland, OH 44105 
Tel: 216 587 3600 
Fax: 216 587 3906 

Be!! Industries 
444 V./indsor Paik Drive 
Dayton, OH 45459 
Tel: 513 435 8660 
Fax: 513 435 6765 

Pioneer Standard 
4433 lnterpoint Blvd. 
Dayton, OH 45424 
Tel: 513 236 9900 
Fax: 513 236 8133 

Pioneer Standard 
6421 East Main #201 
Reynoldsburg, OH 43068 
Tel: 614 221 0043 
Fax: 614 759 1955 

Bell Industries 
31200 Solon Road 
Solon, OH 44139 
Tel: 216 498 2002 
Fax: 216 498 2006 
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Oklahoma 

Pioneer Standard 
9717 E. 42nd St. 
Tulsa, OK 74146 
Tel: 918 664 7840 
Fax: 918 665 1891 

Oregon 

Bell Industries 
9275 S.W. Nimbus 
Beaverton, OR 97005 
Tel: 503 644 1500 
Fax: 503 520 1948 

Future Electronics 
15236 N.W. Greenbrier Pkwy. 
Beaverton, OR 97006 
Tel: 503 645 9454 
Fax: 503 645 1559 

Pennsylvania 

Future Electronics 
12 E. Store Road, Suite 200 
Marlton, NJ 08053 
Tel: 609 596 4080 
Fax: 609 596 4266 

Bell Industries 
2550 Metropolitan Drive 
Trevose, PA 19053 
Tel: 215 953 2800 
Fax: 215 364 4928 

Pioneer Technologies 
500 Enterprise Road 
Keith Valley Business Center 
Horsham, PA 21567 
Tel: 215 674 4000 
Fax: 215 674 3107 

Pioneer Standard 
259 Kappa Drive 
Pittsburgh, PA 15238 
Tel: 412 782 2300 
Fax: 412 963 8255 
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Bell Industries 
1701 Greenville Ave., Suite 306 
Richardson, TX 75081 
Tel: 214 690 9096, 1 800 525 6666 
Fax: 214 690 0467, 1 800 444 0139 

Future Electronics 
800 E. Campbell, Suite 130 
Richardson, TX 75081 
Tel: 214 437 2437 
Fax: 214 669 2347 

Pioneer Standard 
13765 Beta Road 
Dallas, TX 75244 
Tel: 214 386 7300 
Fax: 214 490 6419 

Future Electronics 
9020 II Capital of Texas Highway N. 
Suite610 
Austin, TX 78759 
Tel: 512 502 0991 
Fax: 512 502 0740 

Pioneer Standard 
1826-D Kramer Lane 
Austin, TX 78758 
Tel: 512 835 4000, 1 800 252 5004 
Fax: 512 835 9829 

Pioneer Standard 
8200 Interstate 10 W. #705 
San Antonio, TX 78230 
Tel: 210 3n 3440 
Fax: 210 377 3626 

Future Electronics 
10333 Richmond Ave., Suite 970 
Houston, TX 77042 
Tel: 713 556 8696 
Fax: 713 589 7069 

Pioneer Standard 
10530 Rockley Road, Suite 100 
Houston, TX n099 
Tel: 713 7851155 
Fax: 713 785 4558 
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Bell Industries 
6912 S. 185 West, Suite B 
Midvale, UT 84047 
Tel: 801 561 9691 
Fax: 801 255 2477 

Future Electronics 
3450 S. Highland Drive, Suite 301 
Salt Lake City, UT 84106 
Tel: 801 467 4448 
Fax: 801 467 3604 

wasblngton 

Bell Industries 
8553,- 154th Ave. N.E. 
Redmond, WA 98052 
Tel: 2068675410 
Fax: 206 867 5159 

Future Electronics 
19102 N. Creek Parkway South 
Suite 118 
Bothell, WA 98011 
Tel: 206 489 3400 
Fax: 206 489 3411 

Wisconsin 

Bell Industries 
W. 226 N. 900 Eastmound Dr. 
Waukesha, Wl53186 
Tel: 4145478879 
Fax: 414 547 6547 

Future Electronics 
250 N. Patrick Blvd. 
Suite 170 
Brookfield, WI 53045 
Tel: 800 999 8079 
Fax: 414 879 0250 

Pioneer Standard 
120 Bishops Way #163 
Brookfield, WI 53005 
Tel: 414 784 3480 
Fax: 414 784 8207 
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Distributors 

Authorized Plstrlbutor for 
Obsolete Products 

Rochester Electronics, Inc. 
1 O Malcolm Hoyt Drive 
Newburyport, MA 01950 
Tel: 508 462 9332 
Fax: 508 462 9512 
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AMERICAS 
Corporate Office 
Microchip Technology Inc. 
2355 West Chandler Blvd. 
Chandler, Al. 85224-6199 
Tel: 602 786-7200 Fax: 602 899-9210 

Atlanta 
Microchip Technology Inc. 
1521 Johnson Ferry Road NE, Suite 170 
Marietta, GA 30062 
Tel: 404 509-8800 Fax: 404 509-8600 

Boston 
Microchip Technology Inc. 
Five The Mountain Road, Suite 120 
Framingham, MA 01701 
Tel: 508 820-3334 Fax: 508 820-4326 

Chicago 
Microchip Technology Inc. 
665 Tollgate Road, Unit C 
Elgin, IL 60123-9312 
Tel: 708 741-0171 Fax: 708 741-0638 

Dallas 
Microchip Technology Inc. 
17480 N Dallas Parkway, Suite 114 
Dallas, TX 75287 
Tel: 214 733-0391 Fax: 214 250-4631 
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AMERICAS (continued) 

Los Angeles 
Microchip Technology Inc. 
18201 Von Karman, Suite 455 
Irvine, CA 92715 
Tel: 714 263-1888 Fax: 714 263-1338 

New York 
Microchip Technology Inc. 
150 Motor Parkway, Suite 416 
Hauppauge, NY 11788 
Tel: 516 273-5305 Fax: 516 273-5335 

San Jose 
Microchip Technology Inc. 
2107 N First Street, Suite 590 
San Jose, CA 95131 
Tel: 408 436-7950 Fax: 408 436-7955 

ASIA/PACIFIC 
Microchip Technology Inc. 
Unit No. 2520-2525 
Tower 1, Metroplaza 
Hing Fong Road, Kwai Fong 
N.T., Hong Kong 
Tel: 852 410 2715 Fax: 852 401 3431 
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Factory Sales 

EUROPE 
United Kingdom 
Arizona Microchip Technology Ltd. 
Unit 6, The Courtyard 
Meadow Bank, Furlong Road 
Bourne End, Buckinghamshire SL8 5AJ 
Tel: 44 0628 851 077 Fax: 44 0628 850 259 

Germany 
Arizona Microchip Technology GmbH 
Alie Landstrasse 12-14 
85521 Dttobrunn, Germany 
Tel: 49 089 609 6072 Fax: 49 089 609 1997 

France 
Arizona Microchip Technology SARL 
2, Rue Du Buisson aux Fraises 
F-91300 Massy, France 
Tel: 33 01 6930 9090 Fax: 33 01 6930 9079 

Italy 
Arizona Microchip Technology SARL 
Centro Direzionale Colleoni 
Palazzo Pegaso lngresso No. 2 
Via Paracelso 23 
Brianza {M1 ), Italy 
Tel: 39 039 689 9933 Fax: 39 039 602 1585 

JAPAN 
Microchip Technology International Inc. 
Shinyokohama Gotoh Bldg. BF, 3-22-4 
Shinyokohama, Kohoku-Ku, Yokohama-Shi 
Kanagawa 222 Japan 
Tel: 81 45 471-6166 Fax: 8145471-6122 
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Microchip Worldwide Sales and Distribution 

MICROCHIP 
Microchip Technology Inc. 
2355 West Chandler Blvd . 
Chandler, AZ 85224-6199 

Tel: 602 . 786. 7200 Fax: 602. 899. 9210 
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