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MICROCHIP 

DATA SHEET MARKINGS 

Microchip uses various data sheet markings to designate each document phase as it relates to the product develop
ment stage. The markings appear at the bottom of the data sheet, between the copyright and document and page 
numbers. The definitions for each marking are provided below for your use. 

Marking Description 

Advanced Information The information is on products in the design phase. Your designs should not be final
ized with this information as revised information will be published when the product 
becomes available. 

Preliminary This is preliminary information on new products in production but not yet fully charac
terized. The specifications in these data sheets are subject to change without notice. 
Before you finalize your design, please ensure that you have the most current revision 
of the data sheet by contacting your Microchip sales office, representative or distribu
tor. 

No Marking Information contained in the data sheet is on products in full production. 

"Information contained in this publication regarding device applications 
and the like is intended through suggestion only and may be superseded 
by updates. No representation or warranty is given and no liability is 
assumed by Microchip Technology Inc. with respect to the accuracy or 
use of such information, or infringement of patents arising from such use 
or otherwise. use of Microchip's products as critical components in life 
support systems is not authorized except with express written approval by 
Microchip. No licenses are conveyed, implicitly or otherwise, under any 
intellectual property rights." 
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PIC is a registered trademark of Microchip Technology Inc. in the U.S.A 

PICMASTER and PICSTART are registered trademarks of Microchip 
Technology Inc. 

PRO MATE, PICSEE, TrueGauge name and logo, fuzzyLAB, Smart 
Serial, Total Endurance, and UniMouse are trademarks of Microchip 
Technology Inc. 

SQTP is a service mark of Microchip Technology Inc. 

The Microchip logo and name, The Emerging World Standard, and The 
Embedded Control Solutions Company are trademarks of Microchip 
Technology Inc. 

All rights reserved. Copyright© 1995, Microchip Technology, Inc. 

ACCESS.bus is a trademark of the ACCESS.bus Industry Group (ABIG). 
fuzzyTECH is a registered trademark of Inform Software Corporation.1 2C 
is a trademark of Philips Corporation. IBM, IBM PC-AT, IBM PC/XT, and 
PS/2 are registered trademarks of International Business Machines Corp. 
Pentium is a trademark of Intel Corporation. MS-DOS and Microsoft Win
dows are registered trademarks of Microsoft Corporation. Windows and 
Excel are trademarks of Microsoft Corporation. CompuServe is a regis
tered trademark of CompuServe Incorporated. Apple and Macintosh are 
registered trademarks of Apple Computer, Inc. Apple Desktop Bus (ADB) 
is a trademark of Apple Computer Inc. Microwire is a trademark of 
National Semiconductor. 

All other trademarks mentioned herein are property of their respective 
companies. 
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MICROCHIP Microchip Technology Inc. 

Company Profile 

INTRODUCTION TO THE EMBEDDED 
CONTROL SOLUTIONS COMPANY™ 

Microchip Technology's mission is to offer leadership 
semiconductor products for embedded control system 
applications. To do this we have focusedSystem Man
agement Bus our technology, engineering, manufactur
ing and marketing resources on two synergistic 
product lines: 8-bit PIC16/17 microcontrollers and 
Serial EEPROMS. These product lines provide the 
solutions to many of the problems facing designers of 
embedded control systems. 

We publish the Microchip Data Book and Embedded 
Control Handbook to assist our customers, existing 
and new, in their efforts to design and produce 
state-of-the-art embedded control systems. 

HIGHLIGHTS 

Inside Microchip Technology you'll find: 

• A focus on providing high-performance, 
cost-effective, field-programmable embedded 
control solutions 

• An experienced executive team focused on inno
vation and committed to listening to our customers 

• 8-bit RISC field-programmable microcontrollers 
and supporting logic products 

• Serial and Parallel EEPROMs and EPROMs 

Chandler, Arizona: 

Company headquarters near Phoenix, Arizona; execu
tive offices, R & D and wafer fabrication occupy this 
142,000-square-foot facility. An additional 100,000 
square foot adjacent facility is under construction with 
completion expected in mid-1995. 

© 1995 Microchip Technology Inc. 

• A variety of end-user Application-Specific 
Standard Products 

• Fuily integrated manufacturing capabilities 

• A global network of manufacturing and customer 
support facilities 

• A unique corporate culture dedicated to continu
ous improvement 

• Distributor network support worldwide including 
certified distribution FAEs 

BUSINESS SCOPE 

Microchip Technology Inc. manufactures and markets a 
variety of VLSI CMOS semiconductor components to 
support the market for cost-effective embedded control 
solutions. In particular, the company specializes in 
highly integrated, field-programmable RISC microcon
trollers, application-specific standard products and 
related non-volatile memory products to meet growing 
market requirements for high performance, yet eco
nomical embedded control capability in products. 
Microchip's products feature the industry's most eco
nomical OTP (one-time programmable), reprogramma
ble EEPROM and ROM capability, along with the 
compact size, integrated functionality, ease of develop
ment and technical support so essential to timely and 
cost-effective product development by our customers. 

Tempe, Arizona: 

Microchip's 170,000-square-foot wafer fabrication facil
ity provides increased manufacturing capacity today 
and for the future. 

DS00027K-page 1-1 
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MICROCHIP 

- Mission Statement -

Microchip Technology Incorporated is a leading supplier of field-programmable embedded control solutions by pro
viding RISC microcontrollers and related non-volatile memory products. In order to contribute to the ongoing suc
cess of customers, shareholders and employees, our mission is to focus resources on high value, high quality 
products and to continuously improve all aspects of our business, providing a competitive return on investment. 

- Guiding Values -

Customers Are Our Focus: We establish success
ful customer partnerships by exceeding customer 
expectations for products, services and attitude. We 
start by listening to our customers, earning our .cred
ibility by producing quality products, delivering com
prehensive services and meeting commitments. We 
believe each employee must effectively serve their 
internal customers in order for Microchip's external 
customers to be properly served. 

Quality Comes First: We will perform correctly the 
first time, maintain customer satisfaction and mea
sure our quality against requirements. We practice 
effective and standardized improvement methods, 
such as statistical process control to anticipate prob
lems and implement root cause solutions. We 
believe that ¥fhen quality comes first, reduced costs 
follow. 

Continuous Improvement Is Essential: We utilize 
the concept of "Vital Few" to establish our priorities. 
We concentrate our resources on continuously 
improving the Vital Few while empowering each 
employee to make continuous improvements in their 
area of responsibility. We strive for constructive and 
honest self-criticism to identify improvement opportu
nities .. 

Employees Are Our Greatest Strength: We 
design jobs and provide opportunities promoting 
employee teamwork, productivity, creativity, pride in 
work, trust, integrity, fairness, involvement, develop
ment and empowerment. We base recognition, 
advancement and compensation .on an employee's 
achievement of excellence in team and individual 
performance. We provide for employee health and 
welfare by offering competitive and comprehensive 
employee benefits. 

Products And Technology Are Our Foundation: 
We make ongoing investments and advancements in 
the design and development of our manufacturing 
process, device, circuit, system and softwi!-re tech
nologies to provide timely, innovative, reliable and 
cost effective products to support current and future 
market opportunities. 
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Total Cycle Times Are Optimized: We focus 
resources to optimize cycle times to our internal and 
external customers by empowering employees to 
achieve efficient cycle times in their area of responsibil
ity. We believe that cycle time reduction is achieVed by 
streamlining processes through the systematic removal 
of barriers to productivity. 

Safety Is Never Compromised: We place our con
cern for safety of our employees and community at the 
forefront of our decisions, policies and actions. Each 
employee is responsible for safety. 

Profits And Growth Provide For Everything We Do: 
We strive to generate and maintain competitive rates of 
company profits and growth as they allow continued 
investment for the future, enhanced employee opportu
nity and represent the overall success of Microchip. 

Communication Is Vital: We encourage appropriate, 
honest, constructive, and ongoing communication in 
company, customer and community relationships to 
resolve issues, exchange information and share knowl
edge. 

Suppliers, Representatives, And Distributors Are 
Our Partners: We strive to maintain professional and 
mutually beneficial partnerships with suppliers, repre
sentatives, and distributors who are an integral link in 
the achievement of our mission and guiding values. 

Professional Ethics Are Practiced: We manage our 
business and treat customers, employees, sharehold
ers, investors, suppliers,. distributors, representatives, 
community arid government iil a manner that exempli
fies our honesty, ethics and integrity. We recognize our 
responsibility to the. community and are proud to serve 
as an equal opportunity employer. 

.''·, 
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MARKET FOCUS 

Microchip targets selected markets where our 
advanced designs, progressive process technology 
and industry-leading product performance enable us to 
deliver decidedly superior performance. The company 
has positioned itseH to maintain a dominant role as a 
supplier of high-performance, field-programmable 
microcontrollers and associated memory and logic 
products for embedded control applications which are 
found throughout the consumer, automotive, telecom
munication, office automation and industrial control 
markets. 

FULLY INTEGRATED 
MANUFACTURING 

Microchip delivers fast turnaround and consistent qual
ity through total control over all phases of production. 
Research and development, design, mask making, 
wafer fabrication, and the major part of assembly and 
quality assurance testing are conducted at facilities 
wholly-owned and operated by Microchip. Our inte
grated approach to manufacturing along with rigorous 
use of advanced statistical process control (SPC) and 
a continuous improvement culture has resulted in high 
and consistent yields which have positioned Microchip 
as a quality leader in its global markets. Microchip's 
unique approach to SPC provides customers with 
excellent costs, quality, reliability and on-time delivery. 

A GLOBAL NETWORK OF PLANTS 
AND FACILITIES 

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

In 1994, Microchip purchased a second wafer fabrica
tion facility in Tempe, Arizona - thirteen miles from its 
Chandler, Arizona, headquarters. The additional 
170,000 square foot facility is meeting production 
requirements beyond those which could be produced 
in Microchip's Chandler wafer facility. Assembly and 
test facilities predominantly located in Kaohsiung, Tai
wan, and Bangkok, Thailand, house the technology 
and assembly and test equipment necessary for mod
em plastic and ceramic packaging. 

Sales and application offices are located in key cities 
throughout the Americas, Asia/Pacific, Japan and 
Europe. Offices are staffed to meet the high quality 
expectations of our customers, and can be accessed 
for technical and business support. 

© 1995 Microchip Technology Inc. 

EMBEDDED CONTROL OVERVIEW 

Unlike "processor" applications such as personal com
puters and workstations, the computing or controlling 
elements of embedded control applications are buried 
inside the application. The user of the product is only 
concerned with the very top-level user interface (such 
as keypads, displays and high-level commands). Very 
rarely does an end-user know (or care to know) the 
embedded controller inside (unlike the conscientious 
PC users, who are intimately familiar not only with the 
processor type, but also its clock speed, OMA capabil· 
ities and so on). 

It is, however, most vital for designers of embedded 
control products to select the most suitable controller 
and companion devices. Embedded control products 
are found in all market segments: consumer, commer
cial, PC peripherals, automotive, telecommunications 
(including fast-emerging personal telecommunication 
products) and industrial. Most often embedded control 
products must meet special requirements: cost-effec
tiveness, low power, small footprint and a high level of 
system integration. 

Typically, most embedded control systems are 
designed around a microcontroller which integrates 
on-chip program memory, data memory (RAM) and 
various peripheral functions, such as timers and serial 
communication. In addition, these systems also usu
ally require Serial EEPROM memories, display drivers, 
keypads, small displays, etc. 

Microchip Technology has established itself as a lead
ing supplier of field-programmable embedded control 
solutions. The combination of high-performance micro
controllers from the PIC17CXX, PIC16CXX and 
PIC16C5X families, along with industry leading nonvol
atile memory products provides the basis for this lead
ership. 

Microchip is committed to continuous innovation and 
improvement in design, manufacturing and technical 
support to provide the best possible embedded control 
solutions to you. 

DS00027K-page 1-3 
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MICROCONTROLLERS 

PIC16/17 microcontrollers from Microchip combine 
high performance, low cost and small package size, 
offering the best price/performance ratio in the industry. 
Over 200 million of these devices have been used in 
cost-sensitive consumer products, computer peripher
als, office automation, automotive control systems, 
security and telecommunication applications. 

PIC16/17 MICROCONTROLLER 
OVERVIEW AND ROADMAP 

Microchip offers three families of 8-bit microcontrollers 
to best fit your needs: 

• PIC16C5X: Base-Line 8-bit Family 
• PIC16CXX: Mid-Range 8-bit Family 
• PIC17CXX: High-End 8-bit Family 

All families offer One-Time-Programmable, low-voltage 
and low-power options, as well as various packaging 
options. Selected members are available in ROM and 
reprogrammable versions. 

The widely-accepted PIC16C5X, PIC16CXX and 
PIC17CXX families are the industry's only 8-bit micro
controllers using a high-speed RISC architecture. 
Microchip pioneered the use of RISC architecture to 
obtain high speed and instruction efficiency. 

PIC16C5X: BASE-LINE FAMILY 

PIC16C5X is the well established base-line family offer
ing the most cost-effective solution. This PIC16C5X 
products have a 12-bit wide instruction set and are cur
rently offered in 18-, 20- or 28-pin packages. In SOIC 
and SSOP packaging options, these are the smallest 
footprint controllers. Low-voltage operation down to 
2.0V makes this family ideal for battery operated appli
cations. 

The PIC16C5X base-line family is in high-volume pro
duction, shipping more than two million units per week, 
and has achieved more than twenty-five thousand 
design wins worldwide. 

PIC16CXX: MID-RANGE FAMILY 

PIC16CXX mid-range family offers a wide-range of 
options, from 18-pin to 44-pin packages as well as low 
to high level of peripheral integration. This family has a 
14-bit wide instruction set, interrupt handling capability 
and deeper 8-level hardware stack. The PIC16CXX 
family provides the performance and versatility to meet 
the requirements of more demanding, yet cost-sensi
tive, mid-range 8-bit applications. 

The PIC16CXX mid-range family is rapidly gaining 
acceptance with several of its members introduced: 
PIC16C61, PIC16C62, PIC16C63, PIC16C64, 
PIC16C65, PIC16C620, PIC16C621, PIC16C622, 
PIC16C71, PIC16C73, PIC16C74 and PIC16C84. 
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PIC17CXX: HIGH-END FAMILY 

The PIC17CXX high-performance family offers the 
world's fastest execution performance of any 8-bit 
microcontroller family in the industry. The PIC17CXX 
family extends the PIC16/17 microcontroller's high-per
formance RISC architecture with a 16-bit instruction 
word, enhanced instruction set and powerful vectored 
interrupt handling capabilities. A powerful array of pre
cise on-chip peripheral features provide the perfor
mance for the most demanding 8-bit applications. 

Currently, two members of the PIC17CXX family have 
been announced. A third member will be available 
soon. 

Current PIC16/17 microcontroller product families 
include advanced features such as sophisticated tim
ers, embedded Analog-to-Digital Converter, extended 
instruction/data memory, inter-processor communica
tion (12C™ bus, SPI and USARTs} and ROM, RAM, 
EPROM and EEPROM memories. 

Both PIC16CXX arld PIC17CXX families are supported 
by user-friendly development systems including 
assembler, software simulator, C Compiler, fuzzy logic 
development software, programmers and in-circuit 
emulators. 

t PIC17CXX 

I PIC16CXX 

"' '"' c 

§ 
.g PIC16C5X 

~ 

ROM EPROM EEPROM 

CMOS PIC16/17 
Microcontroller Families 

*In development. 

High-End 
16-Bit 
Instruction 

Mid-Range 
14-Bit 
Instruction 

Base-Line 
12-Bit 
Instruction 
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FIGURE 1: PIC16/17 MICROCONTROLLER MIGRATION PATH 

Performance 

FIGURE2: PIC16/17 SYNERGISTIC DEVELOPMENT TOOLS 

Development Tool Name PIC16C5X 

Assembler MPASM I/ 

Software Simulator MPSIM I/ 

C Compiler* MP-C I/ 

Entry Level Development Kit PICSTARi@ I/ 

Universal Programmer PRO MATE™ I/ 

Universal In-Circuit Emulator PICMASTER® I/ 

Fuzzy Logic Development Tool fuzzyTECH®-MP I/ 

* Available from Byte Craft Limited in Canada. 

© 1995 Microchip Technology Inc. 

49 In ProducUon 

~ In Development 

PIC16CXX PIC17CXX 

I/ I/ 

I/ I/ 

I/ I/ 

I/ Planned 

I/ I/ 

I/ I/ 

I/ I/ 
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PIC16/17 NAMING CONVENTION 

The PIC16/17 architecture offers users a wide range of 
cost/performance options of any 8-bit microcontroller 
family. In order to identify the families, the following 
naming conventions have been applied to the PIC16/17 
microcontrollers. 

TABLE 1: PIC16/17 NAMING CONVENTION 

Famlly Architectural Features Name Technology Products 

Base-Line 8-bit • 12-bit wide instruction set PIC16C5X OTP program memory, PIC16C54 
Microcontroller • DC - 20 MHz clock speed PIC16C5XA digital only PIC16C54A 

Family • 200 ns instruction cycle (Note 1) PIC16C55 

~ PIC16C56 
CD PIC16C57 ... 

PIC16C58A 
~ 

PIC16CR5X ROM program memory, PIC16CR54 
PIC16CR5XA digital only PIC16CR57A 

(Note 1) PIC16CR58A 

Mid-Range 8-bit • 14-bit wide instruction, set PIC16C6X OTP program memory, PIC16C61 
Microcontroller • Internal/external interrupts digital · PIC16C62 

Family • DC - 20 MHz clock speed PIC16C63 

(Note 3) PIC16C64 

• 200 ns instruction cycle 
PIC16C65 

(@20MHz) PIC16CR6X ROM program memory, 
digital only 

= 
PIC16C62X OTP program memory PIC16C620 

0 with comparators PIC16C621 CD ... PIC16C622 Q 
a. PIC16C7X OTP program memory, PIC16C71 

with analog functions PIC16C73 
(e.g.A/D) PIC16C74 

PIC16C8X EEPROM program and PIC16C84 
data memory 

PIC16CR8X ROM program and 
EEPROM data memory 

High-End 8-bit • 16-bit wide instruction set PIC17C4X OTP program memory, 
>< Microcontroller • Internal/external interrupts digital only 
~ 
~ Family • DC - 25 MHz clock speed ... 
0 • 160 ns instruction cycle PIC17CR4X ROM program memory, ii: digital only 

Note 1: •A• designates a more advanced process technology, generally offering customers the benefits of lower 
power, higher speed, etc. (example: PIC16C54, PIC16C54A). Sometimes it designates additional func
tions such as the addition of Brown-out detect. 

Note 2: The numbering system within each family is not necessarily significant. 

Note 3: The maximum clock speed for some devices is less than 20 MHz. 

Please check with your local Microchip distributor, sales representative or sales office for the latest product information. 
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FIGURE3: PIC16/17 8-BIT MICROCONTROLLER FAMILY 

PIC17C4X: 
OTP Program Memory 

PIC16C8X: 
EEPROM Program and Data Memory 

PIC16C7X: 
OTP Program Memory with Analog 

PIC16C62X: 
OTP Program Memory with Comparators 

PIC16C6X OR PIC16CR6X: 
OTP or ROM Program Memory 

PIC16C5X/5XA: 
OTP Program Memory 

PIC16CR5X/5XA: 
ROM Program Memory 

THE ADVANTAGE OF FIELD 
PROGRAMMABILITY 

The PIC16/17 microcontroller family provides a unique 
combination of a high-performance RISC processor 
with cost-effective One-Time-Programmable (OTP) 
technology. Cost-effective OTP provides many benefits 
to the user at prices which can be comparable to com
peting ROM solutions. The benefits include: 1) quick 
time-to-market, 2) ease of code changes, 3) ability to 
provide adaptable solutions to end-customer require
ments, 4) ability to meet upside potential via inventory 
positions at Microchip or worldwide distribution, 5) 
reduced scrappage in manufacturing, 6) reduced inven
tory in manufacturing, and 7) reduced work-in-process 
liability. 

For most manufacturers, getting the product to market 
quickly has become the number one goal as global 
markets have become more competitive. Time-to-mar
ket puts pressure on all functions within the manufac
turing process: development, purchasing, production, 
and marketing and sales. Field-programmable OTP 
technology streamlines the process for all stages in the 
product life cycle. 

In the early product development stages, a programma
ble microcontroller allows much of the functionality to 
be implemented in software which can be modified 
mo~e easily than hardware-only solutions. 

© 1995 Microchip Technology Inc. 

In the manufacturing stage, the compression of the 
product life cycle curve puts pressure on the manage
ment of inventory and manufacturing cycle times. Mini
mizing inventory reduces the ability to meet upside 
demand. Using a traditional ROM-based microcontrol
ler limits the ability to respond to the market with prod
uct enhancements or semi-customized products for 
specific customers. Using the standard OTP-based 
PIC 16/17 microcontroller solves all these issues. Inven
tory can be managed effectively by using the same 
device in several systems. Costs can be reduced due to 
volume purchasing. Upsides can be met from either 
safety stock, directly from Microchip, or local distribu
tors who regularly inventory all the PIC16/17 microcon
troller devices. A sudden decline in demand means no 
work-in-process ROM-based inventory and any excess 
safety stock can be consumed by the other products 
using the same standard device. 

OTP is the 'Flexible Manufacturing' technology of the 
microcontroller world. As competition intensifies, the 
demand for customer-specific products increases. Hav
ing the ability to change (for example, the appearance 
of LCD displays or add extra features in a timely man
ner) can be a key c0mpetitive advantage. Programming 
the OTP device on the manufacturing floor allows easy 
customizing and internal tracking of the devices for 
each specific customer. Customization can significantly 
increase the overall product life cycle to provide better 
return on investment and help minimize the threat of 
competition. 
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DEVELOPMENT SYSTEMS 

Microchip is committed- to providing useful and 
innovative solutions to your embedded system 
designs. Among support products offered are the 
PICMASTER® real-time universal in-circuit emulator 
running under Windows™ environment. PICMASTER is 
designed to provide product development engineers 
with an optimized design tool for developing target 
applications. This universal in-circuit emulator provides 
a complete microcontroller design tool set for all micro
controllers in the PIC16C5X, PIC16CXX and 
PIC17CXX families. PRO MATE""', the full-featured 
device programmer, enables you to quickly and easily 
program user software into PIC16C5X, PIC16CXX and 
PIC17CXX CMOS microcontrollers. The PRO MATE 
operates as a stand-alone unit or in conjunction with a. 
PC compatible host system. The PICSTART® develop
ment kit, a low-cost development system for the 
PIC16C5X/16CXX families of microcontrollers, 
includes an assembler for code development, a simula
tor for debug and a development programmer board~ 
PICSEEKIT and PICSEESTART provide product devel
opment engineers with a cost-effective and timely 
design tool solution for the MTASXXXX family ofASSP 
products. 

The Serial EEPROM Designer's Kit includes everything 
necessary to read, write, erase or program special 
features of any Microchip Serial EEPROM products 
including Smart Serials1M and secure serials. The Total 
Endurance™ Disk is included to aid in trade-off analysis 
and reliability calculations. The total kit can significantly 
reduce time-to-market and result in an optimized sys
tem. 

The irueGauge1M development tool supports system 
development with the MTA 11200 TrueGauge Intelligent 
Battery Management IC. 

SOFTWARE SUPPORT 
Microchip's PIC16/17 microcontrollers families are sup
ported by an assembler, compiler, software simulator 
and fuzzy logic development software. MPASM is a 
universal macro ·assembler supporting Microchip's 
entire product line of microcontrollers. MPSIM, a dis
crete event software simulator, is designed to imitate 
operation of PIC16C5X, PIC16CXX and PIC17CXX 
microcontrollers. It allows the user to debug software 
that will use any of these microcontrollers. 

Afull-featured C Compiler and Fuzzy Logic support are 
also available for all three microcontroller families. 

Microchip endeavors at all times to provide the best 
service and responsiveness pos5ible to its customers. 
The Microchip Systems Bulletin Board Service (BBS) is 
one service to facilitate this process. It's a multi-faceted 
tool that can provide you with information on a number 
of different topics. Special Interest Groups available 
through the BBS can provide you with the opportunity 
to discuss issues and topics of interest with others that 
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share your interest or questions. The BBS is regularly 
· used to distribute technical information, application 

notes, source codes, errata sheets, bug reports, interim 
patches for Microchip systems products and user con
tributed files for distribution. 

APPLICATION-SPECIFIC STANDARD 
PRODUCTS (ASSPs) 

Microchip's Application-Specific Standard Products 
(ASSP) provide value-added embedded control solu
tions by combining PIC16/17 microcontroller architec

. ture, non-volatile memory and innovative software 
technology for vertical applications. These products 
incorporate technology that offers a complete solution 
that is both unique to the customer and standard in 
manufacture to Microchip. In addition, Microchip 
ASSPs reduce or remove 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 MJ"A 11200 family is the most accurate and most 
integrated battery management and charging solution 
available today. The TrueGauge family incorporates 
Microchip/SPAN patented technology which digitally 
integrates battery charge and discharge current to pro
vide an accurate (>97°/o typical) state of charge indica
tion. The family operates with NiCd and NiMH and lead 
acid battery packs from 3 VDC to 25 VDC. These prod
ucts are ideal for portable PC, cellular phone and por
table consumer product applications. 

The MTA 14000 programmable Intelligent Battery Man
agement IC allows engineers to design intelligent con
trollers for smart batteries, battery chargers, battery 
status monitoring, uninterruptible power supplies, 
HVAC and other data acquisition and processing 
required for managing energy. The MTA 14000's pro
grammable 4K words of program memory and 192 
bytes of RAM allows it to support any battery technol
ogy including Li Ion, NiMH, NiCd, Pb acid, Zinc Air. In 
addition, the products 12c port enables any system 
OEM, battery pack VAR and battery manufacturer to 
design, build and market SBD-compliant products sup
porting the System Management Bus standard. 

The MTE1122 Energy Management Controller com
bines Microchip's proprietary PIC16/17 8-bit RISC 
microcontroller technology with a unique, patent pend
ing power management firmware algorithm in a single 
package. This device, by monitoring and controlling the 
supply requirements into an AC induction motor, effec
tively reduces the powerconsumed by the motor. The 
MTE1122 is available in both plastic DIP and 
space-saving SOIC packages, and operates over com
mercial and industrial ranges. 

Ease-of-use, low voltage and low cost make the 
MTA41XXX mouse and trackball MCU firmware solu
tions ideal for implementing new designs for both PCs 
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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 MTA8XXXX PICSEE™ family of cost-effective sys
tem solutions integrates PIC16/17 microcontrollers with 
EEPROM technology. These PICSEE'M devices are 
ideally suited for automotive security, keyless entry, 
remote control, data acquisition and telecommunication 
applications. The combined product assembly tech
niques provide the user the highest performance solu
tion 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. 

SERIAL EEPROM OVERVIEW 

Microchip offers one of the broadest selections of 
CMOS Serial EEPROMs on the market for embedded 
control systems. Serial EEPROMs are available in a 
variety of densities, operating voltages, bus interface 
protocols, operating temperature ranges and space 
saving packages. 

Densities: 

Currently range from 1 K to 64K with higher density 
devices in development. 

Bus Interface Protocols: 

All major protocols are covered: 2-wire, 3-wire and 
4-wire. 

Operating Voltages: 

In addition to standard 5V devices there are two low 
voltage families. The "LC" devices operate down to 
2.5V, while the breakthrough "AA" family operates, in 
both read and write mode, down to 1.8V, making these 
devices highly suitable for alkaline and NiCad battery 
powered applications. 

Temperature Ranges: 

Like all Microchip devices, Serial EEPROMs are offered 
in Commercial (O"C to 70"C), Industrial (-40"C to 85"C) 
and Automotive (-40"C to 125"C) operating tempera
ture ranges. 

Packages: 

The focus is on small packages. Small footprint pack
ages include: 8-lead DIP, 8-lead SOIC in JEDEC and 
EIAJ body widths, and 14-lead SOIC. The SOIC comes 
in two body widths; 150 mil and 207 mil. 

In February 1995, Microchip announced its 10 million 
Erase/Write cycle guarantee - an endurance break
through unmatched by its competitors. The Company 
has also developed the world's first 64K Smart Serial 
EEPROM which provided four times the speed, four 
times the memory and four times the features of any 

© 1995 Microchip Technology Inc. 

competitive 2-wire Serial EEPROM. Device densities 
range from 256 bits up to 64K bits. Another first is the 
24LC21, the only single chip DDC1/DDC2™ -compatible 
solution for plug-and-play video monitors. 

Microchip is a high-volume supplier of Serial 
EEPROMs to all the major markets worldwide including 
consumer, automotive, industrial, computer and com
munications. To date, more than 300 million units have 
been produced. Microchip continues to develop new 
Serial EEPROM solutions for embedded control appli· 
cations. 

Microchip's erase/write cycle endurance is among 
the best in the world, and only Microchip offers 
unique and powerful development tools such as the 
Total Endurance disk. This mathematical software 
model is an innovative tool used by system designers to 
optimize Serial EEPROM performance and reliability 
within the application. 

PARALLEL EEPROM OVERVIEW 

CMOS Parallel EEPROM devices from Microchip are 
available in 4K, 16K and 64K densities. The manufac
turing process used for these EEPROMs ensures 
10,000 to 100,000 write and erase cycles typical. Data 
retention is more than 1 O years. Fast write times are 
less than 200 µs. These EEPROMs work reliably under 
demanding conditions and operate efficiently at tem
peratures from -40°C to +85°C. Microchip's expertise 
in advanced SOIC, TSOP and VSOP surface mount 
packaging supports our customers' needs in 
space-sensitive applications. 

Typical applications include computer peripherals, 
engine control, pattern recognition and telecommunica
tions. 

OTP EPROM OVERVIEW 

Microchip's CMOS EPROM devices are produced in 
densities from 64K to 512K. High-speed EPROMs have 
access times as low as 55 ns. 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 a leading supplier today. Microchip is also 
a leading supplier of low-voltage EPROMs for battery 
powered applications. 
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EASE OF PRODUCTION UTILIZING 
QUICK TURN PROGRAMMING (QTP) 
AND SERIALIZED QUICKTURN 
PROGRAMMING (SQTPSM) 

Recognizing the needs of high-volume manufacturing 
operations, Microchip has developed two programming 
methodologies which make the OTP products as easy 
to use in manufacturing as they are efficient in the sys
tem development stage. 

Quick Turn Programming allows factory programming 
of OTP product prior to delivery to the system manufac
turing operation. PIC16/17, EPROM and Serial 
EEPROM products can be automatically programmed 
with the users program during the final stages of the 
test operation at Microchip's assembly and test opera
tions in Philippine Islands, Taiwan and Thailand. This 
low-cost programming step allows the elimination of 
programming during system manufacturing and essen
tially allows the user to treat the PIC16/17 and memory 
products as custom ROM products. With one- to 
four~week lead times on OTP product, the user no 
longer needs to plan for the extended ROM masking 
lead times and masking charges associated with cus
tom ROM products. This capability, combined with the 
off-the-shelf availability of standard OTP product, 
ensures the user of product availability and the ability to 
reduce his time-to-market ,once product development 
has been completed. 

Unique in the 8-bit microcontroller market is Microchip's 
ability to enhance the OTP capability with Serialized 
Quick Turn Programming (SQTP). SQTP allows for the 
programming of devices with unique, random or serial
ized identification codes. As each PIC16/17 device Js 
programmed with the customers program code, a por
tion of the program memory space can be programmed 
with a unique code, accessible from normal program 
memory, which will allow the user to provide each 
device with a unique identification. This capability is 
ideal for embedded systems applications where the 
transmission of key codes or identification of the device 
as a node within a network are essential. Taking 
advantage of this capability allows the system designer 
to eliminate the requirement for expensive off-chip code 
implementation using DIP switches or non-volatile 
memory components. The SQTP offering, pioneered 
by Microchip, provides the embedded systems 
designer with a low cost means of putting a unique and 
custom device into every system or node. 

DS00027K-page 1-10 

FUTURE PRODUCTS AND 
TECHNOLOGY 

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

Microchip's research and development activities 
include exploring new process technologies and prod
ucts 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 online. 
Cycle times for new technology development are con
tinuously reduced by using in-house mask generation, 
a high-speed pilot line within the manufacturing facility 
and continuously improving methodologies. 

More advanced technologies are under development, 
as well as advanced CMOS RISC-based microcontrol
ler, ASSP and CMOS EEPROM and EPROM products. 
Objective specifications for new products are devel
oped by listening to our customers and by close coop
eration with our many customer-partners worldwide. 
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PIC17C42 I 25 I 2K I 232 ITMRO,TMR1, 2 2 Yes Yes 11 33 4.5-5.5 55 40-pin DIP, 44-pin PLCC, 44-pin QFP 
TMR2,TMR3 

PIC17C43* I 25 I 4K I 454 ITMRO,TMR1, 2 2 Yes Yes 11 33 2.5·6.0 58 40-pin DIP, 44-pin PLCC, 44-pin QFP 
TMR2,TMR3 

PIC17C44 I 25 I BK I 454 ITMRO,TMR1, 2 2 Yes Yes 11 33 2.5-6.0 58 40-pin DIP, 44-pin PLCC, 44-pin QFP 
TMR2,TMR3 

Please contact your local sales office for availability of these devices. 
Note 1: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high 1/0 current capabil

ity. 
2: The PIC17C4X devices can also operate in microprocessor and external microcontroller modes. 
3: PORTB has software-configurable weak pull-ups. 
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Peripherals 
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PIC16C61 20 I 1K I - I 36 I - ITMRO 1-1 - I - I - I - I - I 3 I 13 I 3.0-6.0 - •18-pin DIP, 18-pin SOIC 

PIC16C62• 20 2K 

PIC16C63• 20 4K 

PIC16C64 20 2K 

PIC16C65 20 4K 

PIC16C62o•I 20 512 

PIC16C621"1 20 1K 

PIC16C622 I 20 2K 

PIC16C71 I 20 1K 

PIC16C73 20 4K 

PIC16C74 20 4K 

PIC16C84 10 1K 

128 

192 

128 

192 

80 

80 

128 

36 

192 

192 

36 

- •TMRO, 
TMR1, TMR2 

- •TMRO, 
TMR1, TMR2 

- •TMRO, 
TMR1, TMR2 

- •TMRO, 
TMR1, TMR2 

- •TMRO 

- •TMRO 

- •TMRO 

- •TMRO 

- •TMRO, 
TMR1, TMR2 

- •TMRO, 
TMR1, TMR2 

64 ITMRO 

21 SPlll2C 

2 ISPlll2C/' -
SCI 

1 I SPl/12C I Yes 

2 ISPl!l2C/I Yes 
SCI 

4 ch 

2ISPlll2C/I - I 5ch 
SCI 

2 ISPlll2C/i Yes I 8 ch 
SCI 

•p1ease contact your local sales office for availability of these devices. 

- • - • 10 I 22 I 2.5-6.0 - •28-pin SDIP, 28-pin SOIC 

10 22 3.0-6.0 - •28-pin SDIP, 28-pin SOIC 

8 33 3.0-6.0 - •40-pin DIP, 44-pin PLCC, 44-pin QFP 

11 33 3.0-6.0 - •40-pin DIP, 44-pin PLCC, 44-pin QFP 

2 Yes 4 13 3.0-6.0 Yes I 18-pin DIP, 18-pin SOIC, 20-pin SSOP 

2 Yes 4 13 3.0-6.0 Yes I 18-pin DIP, 18-pin SOIC, 20-pin SSOP 

2 Yes 4 13 3.0-6.0 Yes I 18-pin DIP, 18-pin SOIC, 20-pin SSOP 

4 13 3.0-6.0 18-pin DIP, 18-pin SOIC 

11 22 3.0-6.0 - •28-pin SDIP, 28-pin SOIC 

12 33 3.0-6.0 - •40-pin DIP, 44-pin PLCC, 44-pin QFP 

4 13 I 2.0-6.0 - •18-pin DIP, 18-pin SOIC 

Note 1: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high 1/0 current capability. 
2: The PIC16CXX Timer1 has its own oscillator circuit and can operate asynchronously to the device. Timer1 can increment while the device is in SLEEP mode. 

This allows a Real Time Clock to be implemented. 
3: PORTB has software-configurable weak pull-ups. 
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Featums 

PIC16C54 20 512 - 25 TMRO 12 2.5-6.25 33 18-pin DIP, 18-pin SOIC, 20 pin SSOP 

PIC16C54A 20 512 - 25 TMRO 12 2.5-6.25 33 18-pin DIP, 18-pin SOIC, 20 pin SSOP 

PIC16CR54 20 - 512 25 TMRO 12 2.0-6.25 33 18-pin DIP, 18-pin SOIC, 20 pin SSOP 

PIC16C55 20 512 - 25 TMRO 20 2.5-6.25 33 28-pin DIP, 28-pin SOIC, 28 pin SSOP 

PIC16C56 20 1K - 25 TMRO 12 2.5-6.25 33 18-pin DIP, 18-pin SOIC, 20-pin SSOP 

PIC16C57 20 2K - 72 TMRO 20 2.5-6.25 33 28-pin DIP, 28-pin SOIC, 28 pin SSOP 

PIC16CR57A 20 - 2K 72 TMRO 20 2.0-6.25 33 28-pin DIP, 28-pin SOIC, 28 pin SSOP 

PIC16C58A 20 2K - 73 TMRO 12 2.5-6.25 33 18-pin DIP, 18-pin SOIC, 20 pin SSOP 

PIC16CR58A 20 - 2K 73 TMRO 12 2.0-6.25 33 18-pin DIP, 18-pin SOIC, 20 pin SSOP 

Note: All PIC16/17 Family devices have Power-On Reset. selectable Watchdog Timer, selectable code protect and 1igh 1/0 current 
capability. 
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PIC16/17 

PIN COMPATIBILITY 

Devices that have the same package type; and Voo, 
Vss, and MCLR pin locations, are said to be pin com
patible. This allows these different devices to operate in 
the same socket. Compatible devices may only 
requires minor software modification to allow proper 
operation in the application socket (ex., PIC16C56 and 
PIC16C61 devices). Not all devices in the same pack
age size are pin compatible; for example, the 
PIC16C62 is compatible with the PIC16C63, but not the 
PIC16C55. 

Pin compatibility does not mean that the devices offer 
the same features. As an example, the PIC16C54 is 
pin compatible with the PIC16C71, but does not have 
an AID converter, weak pull-ups on PORTB, or inter
rupts. 

Pin Compatibile Devices 

Pin Compatible Devices 

PIC16C61, 
PIC16C620, PIC16C621, PIC16C622, 
PIC16C71, PIC16C84, 
PIC16C54, PIC16C54A, PIC16CR54, 
PIC16C56, PIC16C58A, PIC16CR58A 

PIC16C62, PIC16C63, PIC16C73 

PIC16C55, PIC16C57, PIC16CR57A 

PIC17C42, PIC17C43, PIC17C44 

PIC16C64, PIC16C65, PIC16C74 

0$303528-page 2-4 

Package 

18 pin 

28pin 

28 pin 

40pin 

40pin 
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MICROCHIP PIC16C5X 
EPROM/ROM-Based 8-Bit CMOS Microcontroller Series 

Devices Included in this Data Sheet 

• PIC16C54 

• PiCi6CR54 

• PIC16C55 

• PIC16C56 

• PIC16C57 

High-Performance RISC-like CPU 

• Only 33 single word instructions to learn 

• All instructions are single cycle (200 ns) except for 
program branches which are two-cycle 

• Operating speed: DC - 20 MHz clock input 
DC - 200 ns instruction cycle 

Device Pins uo EPROM/ 
RAM 

ROM 

PIC16C54 18 12 512 25 

PIC16CR54 18 12 512 25 

PIC16C56 18 12 1K 25 

PIC16C55 28 20 512 24 

PIC16C57 28 20 2K 72 

• 12-bit wide instructions 

• 8-bit wide data path 

• Seven or eight special function hardware registers 

• Two-level deep hardware stack 

• Direct, indirect and relative addressing modes for 
data and instructions 

Peripheral Features 

• 8-bit real time clock/counter (TMRO} with 8-bit 
programmable prescaler 

• Power-On Reset (POR) 

• Device Reset Timer 

• Watchdog Timer (WOT) with its own on-chip RC 
oscillator for reliable operation 

• Programmable code-protection 

• Power saving SLEEP mode 

• EPROM/ROM selectable oscillator options: 

- RC: Low-cost RC oscillator 

XT: Standard crystal/resonator 

HS: 

- LP: 

High-speed crystal/resonator 

Power saving, low frequency crystal 

© 1995 Microchip Technology Inc. 

PACKAGE TYPES 

I PDIP, SOIC, Windowed CERDIP 

..,__.. RAO 

TOCKI --- ,.___ OSC1/CLKIN 

~PP ---... --- 0SC2/CLKOUT 

vs,-~ 

ABO--

PDIP, SOIC, Windowed CERDIP 

TOCK!---+- •1 28 

voo ____.. 2 27 

NIC 26 

Vss---. 4 25 

NIC 3! 3! 24 

RAO...._,. 6 0 0 23 .......... 
RA1-- 1 C1I C1I 22 

RAZ.-- 8 0021 
RA3 ....--- 9 ~ g: 2-0 

ABO-- 10 19 

RB1-- 11 19 

AB2-- 12 17 

RB3-- 13 16 

RB4.---- 14 15 

CMOS Technology 

_JlCOW,,,, 
...,_ OSC1/CLKIN 

____.,... OSC21CLKOUT 

..-.....RC7 

--RC6 

--Res 
__....RC4 

.---AC3 

----- RC2 

._......RC1 

..._....AGO 

....._..RB7 

__.... R86 

.___ABS 

• Low-power, high-speed CMOS EPROM/ROM tech
nology 

• Fully static design 

• Wide-operating voltage range: 

EPROM Commercial/Industrial 2.5V to 6.25V 

- ROM Commercial/Industrial 2.0V to 6.25V 

- EPROM/ROM Automotive 2.5V to 6.0V 

• Low-power consumption 

< 2 mA typical @ 5V, 4 MHz 

15 µA typical @ 3V, 32 kHz 

< 3 µA typical standby current (with WDT dis
abled) @ 3V, o·c to 1o·c 
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Package Types 
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1.0 GENERAL DESCRIPTION 
The PIC16C5X from Microchip Technology is a family 
of low-cost, high-performance, 8-bit, fully static, 
EPROM-based CMOS microcontrollers. This family is 
pin and software compatible with the Enhanced 
PIC16C5X family of devices. It employs a RISC-like 
architecture with only 33 single word/single cycle 
instructions. All instructions are single cycle (200 ns) 
except for program branches which take two cycles. 
The PIC16C5X delivers performance an order of mag
nitude higher than its competitors in the same price cat
egory. 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 develop
ment time significantly. 

The PIC16C5X products are equipped with special fea
tures that reduce system cost and power requirements. 
The Power-On Reset (POR) and Device Reset 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 improve 
system cost, power and reliability. 

The UV-erasable CERDIP-packaged versions are ideal 
for code development, while the cost effective One 
Time Programmable (OTP) versions are 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's flexi
bility. 

The PIC16C5X products are supported by a full-fea
tured macro assembler, a software simulator, an in-cir
cuit emulator, a 'C' compiler, fuzzy logic support tools, 
a low-cost development programmer, and a full fea
tured programmer. All the tools are supported by IBM"' 
PC and compatible machines. 

© 1995 Microchip Technology Inc. 
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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, 
pointing devices and telecom processors. The EPROM 
technology makes customizing application programs 
(transmitter codes, motor speeds, receiver frequen
cies, etc.) extremely fast and convenient. The small 
footprint packages, for through hole or surface mount
ing, make this microcontroller series perfect for applica
tions with space limitations. Low-cost, low-power, high 
performance, 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). 

DS30015L-page 2-7 
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TABLE 1-1: PIC16C5X FAMILY.OF DEVICES 

PIC16CR57A 20 2K 72 TMRO 20 2.0-6.25 33 28-pin DIP, 28-pin SOIC, 28 pin SSOP 

PIC16C58A 20 2K 73 TMRO 12 2.5-6.25 33 18-pin DIP, 18-pin SOIC, 20 pin SSOP 

PIC16CR58A 20 2K 73 TMRO 12 2.0-6.25 33 18-pin DIP, 18-pin SOIC, 20 pin SSOP 

Note: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog limer, selectable code protect and high 1/0 current 
capability. 
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2.0 PIC16C5X 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 in this section. When placing 
orders, please use the "PIC16C5X Product Identifica
tion 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 pro
grams 

The UV erasable version can be erased and repro
grammed to any of the oscillator modes. Microchip's 
PICSTARl'M and PRO MATE™ programmers both sup
port programming of the PIC16C5X. 

2.2 One-Time-Programmable (OTP) 
Devices 

The availability of OTP devices is especially useful for 
customers expecting frequent code changes and 
updates. 

The OTP devices, packaged in plastic packages permit 
the user to program them once. In addition to the pro
gram memory, the configuration fuses must be pro
grammed. 

© 1995 Microchip Technology Inc. 
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2.3 Quick-Turnaround-Production (OTP) 
Devices 

Microchip offers a OTP Programming Service for fac
tory production orders. This service is made available 
for users who choose 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 pro
grammed by the factory. Certain code and prototype 
verification procedures apply before production ship
ments are avaiiable. Plea:se 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 
programmed 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. 

2.5 Read Only Memory (ROM) Devices 

Microchip offers masked ROM versions of several of 
the highest volume parts, giving the customer a low 
cost option for high volume, mature products. 

DS30015L-page 2-9 
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NOTES: 
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3.0 ARCHITECTURAL OVERVIEW 
The high performance of the PIC16C5X family can be 
attributed to a number of architectural features com
monly found in RISC microprocessors. To begin with, 
the PIC16C5X uses a Harvard architecture in which 
program and data are accessed on separate buses. 
This improves bandwidth over traditional von Neumann 
architecture where program and data are fetched on 
the same bus. Separating program and data memory 
further allows instructions to be sized differently than 
the 8-bit wide data word. Instruction opcodes are 
12-btts wide making it possible to have all single word 
instructions. A 12-bit wide program memory access 
bus fetches a 12-bit instruction in a single cycle. A 
two-stage pipeline overlaps fetch and execution of 
instructions. Consequently, all instructions (33) execute 
in a single cycle (200 ns @ 20 MHz) except for pro
gram branches. 

The PIC16C58 and PIC16C57 address 2Kx 12 pro
gram memory, the PIC16C55 and PIC16C56 address 
1Kx12, and the PIC16C54 addresses 512 x 12 of pro
gram memory. All program memory is intern.al. 

The PIC16C5X can directly or indirectly address its 
register files and data memory. All special function reg
isters including the program counter are mapped in the 
data memory. The PIC16C5X has a highly orthogonal 
(symmetrical) instruction set that 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 
PIC16C5X simple yet efficient. In addition, the learning 
curve is reduced significantly. 

© 1995 Microchip Technology Inc. 
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The PIC16C5X device contains an 8-bit ALU and work
ing register. The ALU is a general purpose arithmetic 
unit. It performs arithmetic and Boolean functions 
between data in the working register and any register 
file. 

The ALU is 8-bits wide and capable of addition, sub
traction, shift and logical operations. Unless otherwise 
mentioned, arithmetic operations are two's comple
ment in nature. In two-operand instructions, typically 
one operand is the W register (working register). The 
other operand is a file register or an immediate con
stant. 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 and digit borrow out bit, respec
tively, in subtraction. See the SUBWF and ADDWF 

instructions for examples. 

A simplified block diagram is shown in Figure 3-1, with 
the corresponding device pins described in Table 3-1 
and Table 3-2. 
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FIGURE 3·1: PIC16C5X SERIES BLOCK DIAGRAM 
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TABLE 3-1: PIC16C54/CR54/C56 PINOUT DESCRIPTION 

Name 
DIP,SOIC SSOP 1/0/P Buffer 

Description 
No. No. Type Type 

RAO 17 19 1/0 TTL Bi-directional 1/0 port 
RA1 18 20 1/0 TTL 
RA2 1 1 1/0 TTL 
RA3 2 2 1/0 TTL 

RBO 6 7 1/0 TTL Bi-directional 1/0 port 
RB1 7 8 1/0 TTL 
RB2 8 9 1/0 TTL 
RBS 9 iO i/O TIL 
RB4 10 11 1/0 TTL 
RBS 11 12 1/0 TTL 
RB6 12 13 1/0 TTL 
RB7 13 14 1/0 TTL • TOCKI 3 3 I ST Clock input to TMRO timer. Must be tied to Vss or Voo, tt not 

in use, to reduce current consumption. 

tii!C[R/Vpp 4 4 I ST Master clear (reset) inpul/programming voltage input. This 
pin is an active low reset to the device. Voltage on 
MCLRIVPP must not exceed Voo to avoid unintended 
entering of test modes. 

·-
OSC1/CLKIN 16 18 I ST Oscillator crystal input/external clock source input. 

OSC2/CLKOUT 15 17 0 - Oscillator crystal output. Connects to crystal or resonator 
in crystal oscillator mode. In RC mode, OSC2 pin outputs 
CLKOUT which has 1/4 the frequency of OSC1, and 
denotes the instruction cycle rate. 

Voo 14 15,16 p - Positive supply for logic and 1/0 pins. 

Vss 5 5,6 p - Ground reference for logic and 1/0 pins. 

Legend: l=input, O=output, llO=input/output, P=power, - =Not Used, TTL= TTL input, ST =Schmitt Trigger input 
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TABLE3-2: PIC16C55\C57 PINOUT DESCRIPTION 

Name 
DIP,SOIC SSOP 1/0/P Buffer 

Description ' · 
No. No. Type Type 

RAO s s 1/0 TTL Bi-directional 1/0 port 
RA1 7 s 1/0 TTL 
RA2 8 7 1/0 TTL 
RA3 9 8 1/0 TTL 

RBO 10 9 1/0 TTL Bi-directional 1/0 port 
RB1 11 10 110 TTL 
RB2 12 11 1/0 TTL 
RB3 13 12 1/0 TTL 
RB4 14 13 1/0 TTL 
RBS 1S 1S 1/0 TTL 
RBS 1S 1S 1/0 TTL 
RB7 17 17 1/0 TTL 

RCO 18 18 1/0 TTL Bi-directional 1/0 port 
RC1 19 19 1/0 TTL 
RC2 20 20 1/0 TTL 
RC3 21 21 1/0 TTL 
RC4 22 22 1/0 TTL 
RCS 23 23 1/0 TTL 
RCS 24 24 1/0 TTL 
RC7 2S 2S 1/0 TTL 

TOCKI 1 2 I ST Clock input to TMRO register. Must be tied to Vss or Voo. if 
not In use, to reduce current consumption. 

~Pi> 28 28 I ST Master clear (reset) inpul/programming voltage input. This 
pin is an active low reset to the device. Voltage on 
fiiiCLRNpp must not exceed Voo to avoid unintended 
entering of test modes. 

OSC1/CLKIN 27 27 I ST Oscillator crystal inpul/extemal clock source input. 

OSC2/CLKOUT 2S 2S 0 - Oscillator crystal output. Connects to crystal or resonator 
in crystal oscillator mode. In RC mode, OSC2 pin outputs 
CLKOUT which has 1/4 the frequency of OSC1, and 
denotes the instruction cycle rate. 

VDD 2 3,4 p - Positive supply for logic and 1/0 pins. 

Vss 4 1,14 p - Ground reference for logic and 1/0 pins. · 

N/C 3,S - - - Unused, do not connect 

Legend: l=input, O=output, l/O=input/output, P=power, - =Not Used, TTL= TTL input, ST =Schmitt Trigger input 
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3.1 Clocking Scheme/Instruction Cycle 

The clock input (OSC1/CLKIN pin) is intemally divided 
by four to generate four non-overlapping quadrature 
clocks namely 01, 02, 03 and 04. lntemally, the pro· 
gram counter (PC) is incremented every 01, and the 
instruction is fetched from program memory and 
latched into the 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 and Example 3· 1. 

FIGURE 3-2: CLOCK/INSTRUCTION CYCLE 

OSC1 

Q1 

Q2 

Q3 >-----~ 

PIC16C5X 

3.2 Instruction Flow/Pipelining 

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. H an instruction 
causes the program counter to change (e.g. GOTO) then 
two cycles are required to complete the instruction 
(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). 

phase 
clock 

OSCVCLK2~ t'~L======:~::::===7l===~======~PC~+i~-=a---;~---~PC=+2~--...., 
(RC mode) t-·-=::;;:g~~~5;;::==1----..~,,,....,,.,..,..,..---~1·~--~ 

f 
ln1emal 

==l 
,-- Fetch INS 

Execute IN PC-1 Fetch INST PC+1 
Execute INST PC 

EXAMPLE 3-1: INSTRUCTION PIPELINE FLOW 

1. MOVLW 55h [.__ ___ -+I_Ex~ec_ut_e_1_}+--~--~ 
2 . MOVWF PORTB l Fetch 2 l Execute 2 l 
3 • CALL SUB_l l Fetch 3 11 Execute 3 
4. BSF PORTA, BIT3 Fetch 4 Flush <J 

'----'--"='-'--'--+--"'=~"""'"""-'"'""l 
Fetch SUB 1j 

All instructions are single cycle, except for any program branches. These take two cycles since the fetch 
instruction is "flushed" from the pipeline while the new instruction is being fetched and then executed. 
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NOTES: 

DS30015L-page 2-16 © 1995 Microchip Technology Inc. 



4.0 MEMORY ORGANIZATION 

4.1 Program Memorv Organization 

Up to 512 words of 12-bit wide on-chip program mem
ory (EPROM/ROM) can be directly addressed. Larger 
program memories can be addressed by selecting one 
of up to four available pages of 512 words each 
(Figure 4-1). Sequencing of instructions is controlled 
via the Program Counter (PC) which automatically 
increments to execute in-line programs. Program con
trol operations supporting direct, indirect, and relative 
addressing modes, can be performed by bit test and 
skip instructions, call instructions, jump instructions or 
by loading computed addresses into the PC. In addi
tion, an on-chip two-level stack is employed to provide 
easy to use subroutine nesting. 

4.2 Data Memory Organization 

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-bit wide Arithmetic Logic Unit. 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). Data can be 
addressed directly, or indirectly using the file select reg
ister. Immediate data addressing is supported by spe
cial "literal" instructions which load data from program 
memory into the W register. 

© 1995 Microchip Technology Inc. 
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The register file is divided into two functional groups: 
Special Function registers and General Purpose regis
ters. The special function registers include the TimerO 
(TMRO) register, the Program Counter (PC), the Status 
Register, the 1/0 registers (ports), and the File Select 
Register (FSR). The general purpose registers are 
used for data and control information under command 
of the instructions. 

In addition, special purpose registers are used to con
trol the 1/0 port configuration and prescalet options. 

4.2.1 GENERAL PURPOSE REGISTER FILE 

The register file is accessed either directly or indirectly 
through the file select register FSR (Section 4.5). 

4.2.2 SPECIAL FUNCTION REGISTERS 

The Special Function Registers are registers used by 
the CPU and peripheral functions to control the opera
tion of the device (Table 4-1). 

The special registers can be classified into two sets. 
The special registers associated with the "core" func
tions are described in this section. Those related to the 
operation of the peripheral features are described in 
the section for each peripheral feature. 
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FIGURE 4-1: PROGRAM MEMORY ORGANIZATION 

~------GOTO, CALL instruction with PC as destination ................... from PA1 STATUS<6> (PIC16C57 Only) GOTO, CALL instruction with PC as destination .•...•..••.....•••. from PAO STATUS<5> (PIC16C56/57 Only) 
GOTO di reel from instruction word 

CALL :~~:L~'.~.~-~.::.~~:~.~~~~~:.:'.~.~.:~.:~· .............. direct from instruction word 
Instruction with PC as destination .............................. from ALU 

A10 A9 AB A<7:0> RET~~; ~:1'L STACK LEVEL 1 

STACK LEVEL 2 

2 B 

000 

00 OFF MAX. EPROM ADDRESS FOR: 
PAGEO 

1FF 
-- PIC16C54\CR54\55 

200 

01 
PAGE 1 2FF 

300 

3FF 

400 
--PIC16C56 

10 PAGE2 
4FF 

500 

5FF 

600 

11 6FF 
PAGE3 

700 

7FF 
-- PIC16C57 
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FIGURE 4-2: DATA MEMORY MAP 

File 
Address 7 6 5 4 3 2 1 0 

00 INDF (•) CALL 
01 RETLW 10 9 8 7 6 5 4 3 2 1 0 10 9 8 7 6 5 4 3 2 1 

02 A10 A9 AB .. ~1 STACK 1 I~ STACK2 
03 
04 76543210 
05 I TRISA I 
06 TRISB 5 4 3 2 1 0 
07 

TRISC OPTION 
08 
09 To and from 
OA register file 
OB via ALU 
oc w 
OD L From Program Memory 
OE 
OF 

Bit 6, 5 of FSR: Bank Select 
{PIC16C57 Only) 

00 01 10 11 

10 30 50 70 
11 
12 
13 
14 
15 General 
16 Purpose General Purpose 17 Register Register File 
18 File (PIC16C57 Only) 
19 {All Types) 
1A 
1B 
1C 
1D 
1E (Bank 0) (* .. ) (Bank 1) ( ... ) (Bank 2) ( ... ) (Bank 3) ( ... ) 
1F 3F SF 7F 

(") Not a physically implemented register. See Section 4.5 for details. 

( .. ) File address 7h is a general purpose register on the PIC16C54\CR54\C56 only. 

( ... ) Bank 0 is available on all microcontrollers while Bank 1, Bank 2, and Bank 3 are only available on the 
PIC16C57. (Section 4.5). 

0 

I 
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TABLE 4-1: PIC16C5X REGISTER FILE SUMMARY 

Bit7 l Bit6 l l Value on Value on 
Addrees Name BitS Bit4 Bit3 Bit2 Bit 1 BitO Power-On MCOf and 

Reset WOT Reset 

OOh INDF Uses contents of FSR to address data memory (not a physical register) ---- ---- ---- ----
01h TMRO 8-bit real-time clock/counter xxxx: xxxx uuuu uuuu 

02h PCL Low order 8 bits of PC 1111 1111 1111 1111 

03h STATUS m••••"l~Im PA1 I PAO I TO j5[)" z DC c 0001 lxxx 000? ?uuu 

04h FSR Indirect data memory address pointer 0 xxxx xxxx uuuu uuuu 

05h PORTA RA3 RA2 RA1 RAO ---- xxxx ---- uuuu 

06h PORTB RB7 I RB6 I RBS j RB4 RB3 RB2 RB1 RBO xxxx xxxx uuuu uuuu 

07h 
PORTC RC7 I RC6 I RCS RC4 RC3 RC2 RC1 RCO xxxx xxxx uuuu uuuu 

(Note2) 

Legend: x = unknown, u = unchanged. - = Unimplemented, Read as 'O'. 
Note 1: The upper byte of the program counter is not directly accessible. The upper bits can be set or cleared by writing to PA 1: 

PAO (STATUS<6:5>). 
2: File address 7h is a general purpose register on the PIC16C54\CR54\C56. 
3: Shading indicates unimplemented bits. 

DS30015L-page 2-20 © 1995 Microchip Technology Inc. 



4.3 STATUS Register 

This register contains the arithmetic status of the ALU, 
the RESET status, and the page preselect bits for pro
gram memories larger than 512 words . 

As with any other register, the STATUS register can be 
the destination for any instruction. However, the 
STATUS bits are set after the following write. 
Furthermore, the TO and PD bits are not writable. 
Therefore, the result of an instruction with STATUS 
register i!S dP.stiniltion may be different than intended. 

FIGURE 4-3: STATUS REGISTER 

R/W RMI RM/ R R RM/ R/W RM/ 

[fiA2f PA1 PAOJ mjl'Djzjocjcj 

PIC16C5X 

For example, CLRF STATUS will clear all bits except for 
TO and PD and then set the Z bit and leave status 
register as ooou ulOO (where u =unchanged). 

Therefore, only BCF, BSF and MOVWF instructions 
should be used to alter the STATUS register because 
these instructions do not affect any STATUS bit. 

For other instructions, which do affect STATUS bits, 
see Table 8-2, Instruction Set Summary. 

Register: STATUS W: 
Address: 03h R: 
POR value: 0001 lxxx U: 

it7 ,.) l bitO TO, PD are uniquely set or cleared 

Writable 
Readable 
Unimplemented, 
read as 'O' 

---

© 1995 Microchip Technology Inc. 

C: CarryifiOrToW bit. 
For ADDWF 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. 

o = No carry-out from the most significant bit of the result 
Note: For borrow the polarity is reversed. 

DC: Digit carry!'50rf0W bit. 
For ADDWF and ADDLW instructions. 
1 = A carry..out from the 4th low order bit of the result occurred 
0 = 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 logic operation is not zero 

PO: Power-down bit 
1 = After power·up or by a CLRWDT instruction 
O = By execution of the SLEEP instruction 

TO: Time·out bit 
1 = After power-up and by the CLRWDT and SLEEP instruction 
O = A watchdog timer time-out has occurred 

PA1:PAO: Program Page Pre-select bits 
(PIC16C56 and PIC16C57 only). 

00 = Page o (000 - 1 FF) 
01 = Page 1 (200 - 3FF) 
1 O = Page 2 (400 · 5FF) 
11 = Page 3 (600 - 7FF) 

Each Bank is 512 words. 

Using the PA1:PAO bits as general purpose read/write bits in devices 
which do not use them for Program Page Pre·select is not recommended, 
since this may affect upward compatibility with future products. 

PA2: This bit is unimplemented at this time. 
Use of the PA2 bit as a general purpase read/write bit is not recommended, 
since this may affect upward compatibility with future products. 
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4.4 OPTION Register 

The OPTION register is a 6-b~ wide, write-only register 
which contains various control bits to configure the 
TMRO/WDT prescaler, the external INT interrupt and 
TMRO. 

By executing the OPTION instruction, the contents of 
the W register will be transferred to the OPTION regis
ter. A RESET sets the OPTION register to all '1's. 

FIGURE 4-4: OPTION REGISTER 

U U WWW WWW 

l -J - J Toes j TOSE J PSA J Ps2J Ps1J Pso J 
bit7 

Register: OPTION 

Address: NIA 
POR value: FFh 

PRESCALER VALUE 
PS2 PS1 PSO 

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

0 1 
1 0 

PSA: Prescaler assignment bit 
1 = Prescaler assigned to the WOT 
o = Prescaler assigned to TMRO 

TOSE: TMRO source edge select bit 

W: Write only 

U: Unimplemented. 
Read as 'O' 

TMRO RATE WOT RATE 

:2 : 1 
:4 :2 
:8 : 4 

16 : 8 
: 32 16 
: 64 : 32 

128 : 64 
: 256 128 

1 = Increment on high-to-low transition on TOCKI pin 
O =Increment on low-to-high transition on TOCKI pin 
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TOCS: TMRO clock source bit 

1 = Transition on TOCKI pin 
o = Internal instruction cycle clock (CLKOUT) 

Unimplemented: Read as 'O' 
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4.5 Indirect Data Addressing. INDF and 
FSR Registers 

The INDF register is not a physical register and is used 
in conjunction with the FSR register to perform indirect 
addressing. 

Indirect addressing is possible by using the INDF reg
ister. Any instruction using the INDF register actually 
accesses data pointed to by the file select register 
(FSR). Reading INDF itself (i.e., FSA = 0) indirectly 
will produce OOh. Writing to the INDF register indirer.tly 
results in a no-operation (although STATUS bits may 
be affected). 

A simple program to clear RAM location 20h-2Fh using 
indirect addressing is shown in Example 4-1. 

EXAMPLE 4-1: INDIRECT ADDRESSING 
rnovlw OxlO Initialize pointer 
rnovwf FSR to RAM 

Next clrf INDF Clear loc 
incf FSR increment pntr 

btfsc FSR, 4 All done? 

goto Next No, clear next 

Location 

FIGURE 4-5: DIRECT/INDIRECT ADDRESSING 

Direct Addressing 

RA1:RAO 5 from opcode 0 

[I] I I I 
'---.,.-I 
bank select 

01 10 

PIC16C5X 

4.5.1 FILE SELECT REGISTER (FSR) 

The FSR is either a 5-bit (PIC16C54\CR54\C55\C56) 
or 7-bit (PIC16CR57) wide register. It is used in con
junction with the INDF register to indirectly address the 
data memory area. The FSR<4:0> bits are the pointer 
for data memory addresses OOh to 1 Fh. FSR<4:0> tog
gles between the 16 lower (ooh-OFh) and 16 upper 
(10h-1 Fh) register files. When clear, FSR<4> points to 
the lower 16 register files and, when set, points to the 
upper 16 register files. FSR<3:0> provide the value to 
address the specific register file within each 16 file 
area. 

When not performing indirect addressing, the FSA can 
be used as a 5-bit (FSR<4:0>) wide general purpose 
register. However, this is not recommended to help 
ensure future upward code compatibility. 

PIC16C54\CR54\C55\C56: Does not use banking. 
FSR<7:5> are unimplemented and read as '1 's. 

PIC16CR57: FSR<6:5> are the bank select bits and 
are used to select the bank to be addressed (00 = 
bank 0, 01 = bank 1, 10 = bank 2, 11 = bank 3). The 
lower 16 register files for banks 1, 2 and 3 are mapped 
to bank 0, and are not accessible. In other words, the 
FSR<6:5> bits are ignored if FSR<4> is clear (= 0). 
FSR<7> is unimplemented and is always read as '1'. 

Indirect Addressing 

6 FSR 0 

I I I I I I I I 
~ 

J b<m• J '"""" WI_, 

~4t--~~~~~~ 

11 4 

Reads/W!itesto ihes.J 1oc~1tior1st 
will accesf addresses100-0F 

Data 
Memory 

I 

1F 3F 5F 7F 

Bank 0 Bank 1 Bank 2 Bank 3 

Note!: For register map detail see Figure 4-2. 
2: RA 1 and RAO are FSR<6> and FSR<S>. respectively. 
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4.6 Program Counter 

The program counter generates the addresses for up to 
2048 x 12 on-chip EPROM/ROM cells containing the 
program instruction words (Figure 4-1). 

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

TABLE 4-2: PROGRAM COUNTER STACK 
WIDTH 

Part# PC width Stack width 

PIC16C54\CR54\C55 9-bit 9-bit 

PIC16C56 10-bit 10-bit 

PIC16C57 11-bit 11-bit 

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

a) The GOTO instruction allows the direct loading of 
the lower nine program counter bits (PC<8:0>). 
In the case where the program memory is 
greaterthan 512 bytes, the upper two bits of PC 
(PC<10:9>) are loaded With page select bits 
PA1:PAO (STATUS<6:5>). Thus, GOTO allows 
jumps to any location on any page. 

b) The CALL instruction loads 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 cases where the pro
gram memory is greater than 512 bytes, the 
upper 2-bits of PC (PC<10:9>) are loaded with 
Page Select bits PA 1 :PAO (STATUS<6:5>). 

c) The RETLW instruction loads the program 
counter with the Top Of Stack (TOS) 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 lower 8-bits of program counter. The ninth bit 
of PC will be cleared. In case where the pro
gram memory is greater than 512 bytes, 
PC<10:9> will be loaded with Page Select bits 
PA1:PAO (STATUS<6:5>). 

DS30015L-page 2-24 

It should be noted that because bit8 (ninth bit) of the PC 
is cleared in the 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 preselect bits in 
the STATUS register will not be changed, and the next 
GOTO, CALL, ADDWF PC, or MOVWF PC instruction will 
return to the previous page, unless the page preselect 
bits have been updated under program control. For 
example, an NOP at location 1 FFh (page 0) increments 
the PC to 200h (page 1 ). A GOTO xxx at 200h will 
return the program to address xxxh on page O (assum
ing that PA1:PAO is clear). 

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. 

© 1995 Microchip Technology Inc. 



4.7 W (Working) Register 

The W register holds the second operand in two oper
and instructions and/or supports the internal data trans
fer. 

TABLE 4-3: EVENTS AFFECTING TO/PD 
STATUS BITS 

Event I TO I PD I Remarks 

Power-up 1 1 

WOT Timeout 0 x No effect on PD 

SLEEP instruction 1 0 

CLRWDT instruction 1 1 

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 4-4 
reflects the status of TO and PD after the corre
sponding event. 

© 1995 Microchip Technology Inc. 
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4.7.1 TIME OUT AND POWER DOWN STATUS 
BITS {TO, l5D ) 

The TO and l5l5 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 liilCCR pin. 

These STATUS bits are only affected by events listed in 
Table4-3. 

TABLE4-4: 

TO PD 

0 0 

0 1 

1 0 

1 1 

u u 

TO/PD STATUS AFTER 
RESET 

RESET was caused by 

WOT wake-up from SLEEP 

WDTtime-out (not during SLEEP) 

~wake-up from SLEEP 

Power-up 

= Low pulse on li.1C[R input 

The TO and PD bits maintain their status (u) until an 
event of Table 4-3 occurs. A low-pulse on the MCLR 
input does not change the TO and PD status bits. 
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NOTES: 
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5.0 VO PORTS 
As with any other register, the 1/0 registers can be writ
ten and read under program control. However, read 
instructions {e.g., MOVF PORTB, w) always read the 1/0 
pins independent of the pin's input/output modes. On 
RESET, all 1/0 ports are defined as input {outputs are 
at hi-impedance) as the 1/0 control registers {TRISA, 
TRISB, TRISC) are all set. 

5.1 

PORTA is a 4-bit 1/0 register. Only the low order 4 bits 
are used {RA3:RAO). Bits 7-4 are unimplemented and 
read as 'O's. 

5.2 PORTB 

PORTB is an 8-bit 1/0 register {PORTB<7:0>). 

5.3 PORTC 

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

PIC16C54/CR54/C56: General purpose register. 

5.4 TRIS Registers 

The output driver control registers are loaded with the 
contents of the W register by executing the TRIS f 
instruction. A '1' from a TRIS register bit puts the corre-

PIC16C5X 

sponding output driver in a hi-impedance mode. A 'O' 
puts the contents of the output data latch on the 
selected pins. 

The TRIS registers are "write-only" and are setto all '1 's 
{output drivers disabled) upon RESET. 

5.5 110 Interfacing 

The equivalent circuit for an 1/0 port pin 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 out
puts are latched and remain unchanged until the output 
latch is rewritten. To use a port pin as output, the corre
sponding direction control bit {in TRISA, TRISB, 
TRISC) must be cleared {= 0). For use as an input, the 
corresponding TRIS bit must be '1'. Any 1/0 pin can be 
programmed individually as input or output. 

FIGURE 5-1: EQUIVALENT CIRCUIT FOR A SINGLE 1/0 PIN 

From 
Data 
Bus 

Write 

To Data Bus 

From: 
WRegister 

TRIS 'I' 

D Q 
Output 
Data 
Latch 

CK 0 t-----e 

Voo 

p 

!-----+--+--------~ 

Read 

D 110 Q t----+-~ 

Control 
Latch 

CK Q t--------~ 
Set 

l/OPin 

N 

Note: 1/0 pins have protection diodes to Voo and Vss. 
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5.6 

5.6.1 

UO Programming CQ_nsjderations 

Bl-DIRECTIONAL 110 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 
example, a BSF operation on bit5 of PORTB will cause 
all eight bits of PORTB to be read into the CPU. Then 
the BSF operation takes place on bits and the PORTB 
value is written to the output latches. If another bit of 
PORTB is used as a bi-directional 110 pin (say bi!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 
rewritten 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 bitO is 
switched into output mode later on, the content of the 
data latch may now be unknown. 

Example 5-1 shows the .effect of two sequential 
read-modify-write instructions (e.g., BCF, BSF; etc.) on 
an 1/0 PORT. 

A pin actively outputting a HI or LO 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 5-2: SUCCESSIVE UO OPERATION 

EXAMPLE 5-1: READ-MODIFY-WRITE 
INSTRUCTIONS ON AN UO 
PORT 

;Initial PORT Settings 
PORTB<7:4> Inputs 
PORTB<3:0> Outputs 

;PORTB<7:6> have external pull-ups and are 
;nqt 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 
MOVLW 03Fh 
TRIS PORTB ; 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 at the beginning of the instruction cycle 
(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 another 
instruction not accessing this 1/0 port. 

: 01102103104: 011 02103104; 01102103104: 011021 00104: Note: 

PC k PC+1 ~ PC+2 ~ PC+3 
Instruction : MOVWF PORTS :MOVF PORTS,W • 

fetched • write to • ' NOP NOP 
PORTS 

RS7:RBO ·~----~-----·~~---~-----

. . . 
Instruction 1 • , 

executed • MO~F PORTS .MOVF PORTS,W • 
• wnteto 1 • 

PORTS 
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:Port pin : 
• sampled here: 

NOP NOP 

This example shows a write to PORTS 
. followed by a read from PORTS. 

Notelhat: 
data setup ~me= (0.25 Tcv • TPD) 

whereTi~Y==P==~:n ~~:y 
Therefore, at higher clock frequencies, 
a write followsd by a read may be problematic. 
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6.0 TIMERO (TMRO) MODULE 
The TMRO module timer/counter has the following fea
tures: 

• 8-bit timer/counter 

• Readable and writable 

• 8-bit software programmable prescaler 

• Internal or external clock select 

• Edge select for external clock 

Figure 6-1 is a simplified block diagram of the TMRO 
module, while Figure 6-2 shows the electrical structure 
of the TMRO input. 

Timer mode is selected by clearing the TOCS 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 
two cycles (Figure 6-3 and Figure 6-4). The user can 
work around this by writing an adjusted value to the 
TMRO module. 

FIGURE 6-1: TMRO BLOCK DIAGRAM 

Fosc/4 0 

Programmable 
Prescaler 

3 

PIC16C5X 

Counter mode is selected by setting the TOCS bit 
(OPTION<5>). In this mode TMRO will increment 
either on every rising or falling edge of pin TOCK!. The 
incrementing edge is determined by the TO source 
edge (TOSE) select bit (OPTION<4>). Clearing the 
TOSE bit selects the rising edge. Restrictions on the 
external clock input are discussed in detail in 
Section 6.1. 

The prescaler is shared between the TMRO module 
and the watchdog timer. The prescaler assignment is 
controlled in software by the control bit PSA 
(OPT!ON<3>). Setting the PSA bit will assign the pres
caler to the WOT and cause the prescale for TMRO to 
be 1:1. Clearing the PSA bit will assign the prescaler 
to TMRO. The prescaler is neither readable nor writ
able. When the prescaler is assigned to the TMRO 
module, prescale value of 1 :2, 1 :4, ... , 1 :256 are select
able. Section 6.2 details the operation of the prescaler. 

Data bus 

PSout.------, 8 

Sync with 
Internal TMRO 
clocks 

~---~ 
PSout 

(2 cycle delay) 

PS2,PS1,PSO PSA 
TOCS 

Note 1: Bits, TOCS, TOSE, PSA, PS2, PS1 and PSO are located in the OPTION register. 
2: The prescaler is shared with Watchdog Timer (Figure 6-6). 

FIGURE 6-2: ELECTRICAL STRUCTURE OFTOCKI PIN 

RIN 

TOCKI 

Vss Vss 
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Schmitt Trigger 
Input Buffer 
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FIGURE6-3: TMR() TIMING: iNTERNAL CLOCK/NO PRESCALE 

PC 
I Program 
Counter) PC-1 PC B:tl PC+2 PC+S PCB PC+s PC+§ 

Instruction 
Fetch 

MOvWFTMRo MOVFTMRO,WMOVF TMRo.movFTMRo,movF TMRo,..WovFTMRo,w 

TMRO ju+g x NIU x l'\llD x BIQ x I NID+l x : NllJ+2 >q 

+ + + + + ' + Instruction • 
Executed WriteTMRO: 

executed 
Read lJ;IRO: 
reads O 

ReadTMRO: 
readsNTO· ~J!1¥~o: Read 'J:iMRO : Read TMRO ~ 

reads TO+ 1 reads NTO + 

FIGURE 6-4: TMRO TIMING: INTERNAL CLOCK/PRESCALE 1 :2 

pc :a11a21a3104;a11a21a31a4:a11a21a3104;a11a21a3104;a11a21a3104;a11.a21a3104;a11a21a3104;a11a21a31a4; 
CProgram) ' f>cµi 
Counter t"v-1 rv t'W+J t'lft? t'VN __ t'V+!l rvw 

I tr ti MOVWF TMROMOVFTMRO,WMoVFTMRO,WMOVFTMRO,VvMOVFTMRO,WAOVFTMRO,W ~:tdf on ' 

TMRO 10 lo+] x 

+ + Instruction ' WriteTMRO: ReadTMRo: 
Execute executed readsNTO 

6.1 Using TMRO with External Clock 

When an external clock input is used for TMRO, it must 
meet certain requirements to be able to synchronize 
with the internal phase clock (Tosc). Also, there is a 
delay in the actual incrementing of TMRO after synchro
nization. 

6.1.1 EXTERNAL CLOCK SYNCHRONIZATION 

When no prescaler is used, the external clock input is 
the same as the prescaler output. Synchronizing 
TOCKI with the internal phase clocks requires sampling 
the prescaler output on the 02 and Q4 cycles of the 
internal phase clocks (Figure 6-5). Therefore, it is nec
essary for TOCKI to be high for at least 2 TOsc (plus a 
small RC delay) and low for at least 2 Tosc (plus a 
small RC delay). Refer to the appropriate electrical 
specification table. 

When a prescaler is used, the external clock input is 
divided by the asynchronous ripple-counter type pres
caler to ensure that the prescaler output is symmetrical. 
For the external clock to meet the sampling require
ment, the ripple counter must be taken into account. 
Therefore, it is necessary for TOCKI to have a period of 
at least 4 Tosc (plus a small RC delay) divided by the 
prescaler value. The only limitation on TOCKI high and 
low time is that they are greater than the minimum 
pulse width requirement of 10 ns. Refer to parameters 
40, 41 and 42 in the appropriate electrical specification 
section. 
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' ('i;lllJ I )(: NIO+l ) ' 

+ + ' + ' + ReadTMRo: 
reads NTO 

ReadTMRO: 
reads NTO 

ReadTMRO: 
readsNTO :!':!~ 1#~~ ; 

6.1.2 TMRO INCREMENT DELAY 

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 mod
ule is actually incremented. Figure 6-5 shows the 
delay from the external clock edge to the timer incre
menting. 

6.2 Prescaler 

An 8-bit counter is available as a prescaler for the 
TMRO module, or as a post-scaler for the Watchdog 
limer, (Section 6.1.2). 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 exclusive between the TMRO module 
and the Watchdog limer. Thus, a prescaler assign
ment for the TMRO module means that there is no pres
caler for the Watchdog Timer, and vice-versa. 

The PSA and PS2:PSO bits (OPTION<3:0>) determine 
the prescaler assignment and prescale 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 limer. The pres
caler is neither readable nor writable. On a RESET, the 
prescaler contains all 'O's. 
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FIGURE 6-5: TIMEROTIMINGWITH EXTERNAL CLOCK 

01 I 021 031 04 01 I 021 031 04 01 I 021 031 04 01 I 021 031 041 
EXT CLOCK INPUT OR Small pulse 

PRESCALER OUT (NOTE 2) misses sampling 

EXT CLOCK/PRESCALER 
OUTPUT AFTER SAMPLING >-----. 

(note3)f 

INCREMENT TMRO (04) 1-------+-----' 

Notes: 

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

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

FIGURE 6-6: BLOCK DIAGRAM OF THE TMRO/WDT PRESCALER 

Tcv ( =Fosc/4) 

~ 
0 

TOCKI 
pin 

TOSE 
TOCS 

Watchdog ,____ _____ __. 
timer 

PSA 

WOT Enable bit 

M 

0 u 
x 

PSA 

8-btt Prescaler 

8 

8-to -1MUX 

0 

WOT 
Time-out 

Note: TOSE, TOCS, PSA, PS2:PSO are btts in the OPTION register. 
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Sync 
2 

Cycles 

PS2:PSO 

PSA 

Data Bus 

8 

TMRO 
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6.2.1 SWITCHING PRESCALERASSIGNMENT 

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 (Example 6-1) must be 
executed when changing the prescaler from TMRO to 
WOT. . 

EXAMPLE 6-1: CHANGING PRESCALER 
(TMRO~WDT) 

CLRF TMRO ;Clear TMRO 
CLRWDT ;Clears WDT and 

;prescaler 
MOVLW 'xxxxlxxx'b ;Select new prescale 
OPTION ;value 

To change prescaler from the WOT to the TMRO mod
ule, use the sequence shown in Example 6-2. This 
sequence must be used even if the WOT is disabled. 

Note that a CLRWDT instruction should be executed 
before switching the prescaler. 

TABLE 6-1: SUMMARY OFTMRO REGISTERS 

Register Name Function 

TMRO Timer/counter register 

OPTION Configuration and prescaler assign-
men! bits for TMRO. (Figure 4-4) 

Legend: x = unknown, - = unimplemented, read as 'O'. 

EXAMPLE 6-2: CHANGING PAESCALER 
(WDT~TMRO) 

CLRWDT Clear WDT and 
pzescaler 

MOVLW 1 xxxx.O:xxx 1b Select TMRO, new 
prescale value and 
clock source 

OPTION 

Address Power-on Reset Value 

01h xxxx xxxx 

NIA --11 llll 

Note: For reset values of registers in other reset situations, refer to Table 4-1. 

TABLE 6-2: REGISTERS ASSOCIATED WITH TMRO 

Address Name Bit7 Bit6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 BitO 

Legend: - = Unimplemented, read as 'O'. 
Note: Shaded cells are not used by TMRO module. 
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7.0 SPECIAL FEATURES OF THE 
CPU 

What sets a microcontroller apart from other proces
sors are special circuits to deal with the needs of 
real-time applications. The PIC16C5X family of micro
controllers has a host of such features intended to max
imize system reliability, minimize cost through 
elimination of external components, provide power 
saving operating modes and offer code protection. 
These features are: 

• Oscillator selection 

• Reset 

• Power-On Reset (POR) 

• Device Reset Timer (ORT) 

• Watchdog Timer (WOT) 

• SLEEP 

• Code protection 

• ID locations 

The PIC16C5X has a watchdog timer which can be 
shut off only through configuration bit WDTE. It runs off 
of its own RC oscillator for added reliability. There is an 
18 ms delay provided by the Device Reset Timer 

PIC16C5X 

(ORT), intended to keep the chip in reset until the crys
tal oscillator is stable. With this timer on-chip, most 
applications need no external reset circuitry. 

The SLEEP mode is designed to offer a very low cur
rent power-<lown mode. The user can wake up from 
SLEEP through external reset or through a watchdog 
timer time-out. 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 configuration 
bits are used to select various options. 

7.1 Configuration Bits 

The configuration word consists of 4 or 12 bits, depend
ing on the device configuration. Configuration bits can 
be programmed to select various device configura
tions. Two are for the selection of the oscillator type, 
one is the Watchdog Timer enable bit, and one is the 
code protection bit. 

FIGURE 7-1: CONFIGURATION WORD FOR THE PIC16C5X 

Register: CONFIG 

CP WOTE FOSC1 FOSCO 

blt11 bltO 

© 1995 Microchip Technology Inc. 

For specifics refer to the PIC16C5X 
Programming Specification 

FOSC1 :FOSCO: OSC selection bit 
11: RC oscillator 
1 O : HS oscillator 
01 : XT oscillator 
00 : LP oscillator 

WDTE: WOT enable bit 
1 = WOT enabled 
0 = WOT disabled 

CP: Code Protect bit 
1 = Code Protect Off 
O = Code Protect On 

Unimplemented 
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7.2 Oscillator Configurations 

7.2.1 OSCILLATORlYPES 

The PIC16C5X can be operated in four different oscil
lator modes;. The user can choose one of following 
modes from the factory: 

• LP: Low Power Crystal 

• XT: Crystal/Resonator 

• HS: High Speed Crystal/Resonator 

• RC: Resistor/Capacitor 

7.2.2 CRYSTAL OSCILLATOR I CERAMIC 
RESONATORS 

In XT, LP or HS modes a crystal or ceramic resonator 
is connected to the OSC1/CLKIN and OSC2/CLKOUT 
pins to establish oscillation (Figure 7-2). The 
PIG 16C5X oscillator design requires the use of a paral
lel cut crystal. Use of a series cut crystal may give a fre
quency out of the crystal manufacturers specifications. 
When in XT, LP or HS modes, the device can have an 
external clock source drive the OSC1/CLKIN pin 
(Figure 7-3). 

FIGURE 7-2: CRYSTAL OPERATION (OR 
CERAMIC RESONATOR) (HS, 
XTOR LPOSC 
CONFIGURATION) 

See Table 7-1 and Table 7-2 for recommended val
ues of C1 and C2. 

Note 1: A series resistor may be required for AT 
strip cut crystals. 

FIGURE 7-3: EXTERNAL CLOCK INPUT 
OPERATION (HS, XT OR LP 
OSC CONFIGURATION) 

Clock from -{>o- OSC1 
ext. system PIC16C5X 

Open--1 OSC2 
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TABLE 7-1: CAPACITOR SELECTION 
FOR CERAMIC RESONATORS 

Osc Resonator Cap.Range Cap.Range 
Type Freq C1 C2 

XT 455 kHz 68-100pF 68-100 pF 
2.0 MHz 15-68 pF 15-68 pf 
4.0 MHz 10-100 pF 10-100 pF 

HS 8.0MHz 10-68 pF 10-68 pF 
16.0 MHz 10-10 pF 10-10 pF 

These values are for design guidance only. Since 
each resonator has its own characteristics, the user 
should consult the resonator manufacturer for appro
priate values of external components. 

TABLE7·2: CAPACITOR SELECTION 
FOR CRYSTAL OSCILLATOR 

Osc Resonator Cap.Range Cap.Range 
Type Freq C1 C2 

LP 32 kHzt 33-68 pF 33-68 pF 
200kHz 15-33 pf 15-33 pF 

XT 100 kHz 68-100 pF 68-100 pF 
2MHz 10-22 pF 10-22 pF 
4MHz 10-22 pF 10-22 pF 

HS BMHz 22-47 pF 22-47 pF 
20MHz 22-47 pF 22-47 pF 

t For Voo > 4.5V, C1 = C2 ~ 30 pF is recommended. 
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. 
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7.2.3 EXTERNAL CRYSTAL OSCILLATOR 
CIRCUIT 

Either a prepackaged oscillator can be used or a simple 
oscillator circuit with TIL 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 TIL gates. Two types 
of crystal oscillator circuits can be used; one with series 
resonance, or one with parallel resonance. 

Figure 7-4 shows implementation of a parallel resonant 
oscillator circuit. The circuit is designed to use the fun
damental frequency of the crystal. The 74AS04 
inverter performs the 180-degree phase shift that a par
allel oscillator requires. The 4.7 kQ resistor provides 
the negative feedback for stability. The 1 O kn potenti
ometers bias the 74AS04 in the linear region. This cir
cuit could be used for external oscillator designs. 

FIGURE 7-4: EXTERNAL PARALLEL 
RESONANT CRYSTAL 
OSCILLATOR CIRCUIT 

+5V 

10k 
4.7k 

10k D":j 
20~F J JopF 

10k 

To Other 
Devices 

PIC16C5X 

Figure 7-5 shows a series resonant oscillator circuit. 
This circuit is also designed to use the fundamental fre
quency of the crystal. The inverter performs a 
180-degree phase shift in a series resonant oscillator 
circuit. The 330Q resistors provide the negative feed
back to bias the inverters in their linear region. 

FIGURE 7-5: EXTERNAL SERIES 
RESONANT CRYSTAL 
OSCILLATOR CIRCUIT 

© 1995 Microchip Technology Inc. 
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7.2.4 RC OSCILLATOR 

For timing insensitive applications the RC device option 
offers additional cost savings. The RC oscillator fre
quency is a function of the supply voltage, the resistor 
(Rext) and capacitor (Cext) values, and the operating 
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 vari
ation due to tolerance of external Rand C components 
used. Figure 7-6 shows how the RIC combination is 
connected to the PIC16C5X. For Rext values below 
2.2 k.Q, the oscillator operation may become unstable, 
or stop completely. For very high Rext values (e.g., 
1 MQ) the oscillator becomes sensitive to noise, humid
ity and leakage. Thus, we recommend keeping Rext 
between 3 k.Q and 100 k.Q. 

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 
capacitances, such as PCB trace capacitance or pack
age lead frame capacitance. 

See Section 9.0 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 Section 9 .0 for variation of oscillator frequency due 
to Voo for given RexVCext 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 pur
poses or to synchronize other logic. 

FIGURE 7-6: RC OSCILLATOR MODE 

VDD 

Rext 

Cext 

Vss I 
Fosc/4 

OSC2/CLKOUT 

Internal 
clock 
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7.3 ~ 

The PIC16C5X differentiates between various kinds of 
resets: 

• Power-On Reset (POR) 

• MCLR reset during nonnal operation 

• MCI]! reset during SLEEP 

• WOT time-out reset 

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), ~ or a WOT 
reset. Note that the PIC16C5X does not differentiate 
between a WOT reset during SLEEP, or during normal 
operation. The TO and J5L5 bits are set or cleared 
depending on the different reset (Table 7-3). These bits 
may be used to determine the nature of the reset. See 
Table 7-5 for a full description of reset states of all reg
isters. 

Figure 7-7 shows a simplified block diagram of the 
on-chip reset circuit. 

7.4 Power-On Reset (POR) and Device 
Reset Timer CORD 

7.4.1 POWER-ON RESET (POR) 

The PIC16C5X family incorporates an on chip 
Power-On Reset (POR) circuitry which provides an 
internal chip reset for most power-up situations. To use 
this feature the user merely needs to tie the ~PP 

pin to Voo. Figure 7-14 shows the electrical structure 
of TMRO inputs. A simplified block diagram of the 
on-chip Power-On Reset circuit is shown in Figure 7-7. 
The Power-On Reset circuit and the Device Reset 
Timer circuit are closely related. On power-up the reset 
latch is set and the ORT is reset. The ORT timer begins 
counting once it detects MCCR 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. 

Figure 7-8 and Figure 7-9 show two power-up situa
tions with relatively fast rise time on Voo. In Figure 7-8, 
Voo is allowed to rise and stabilize before bringing 
MCLR high. The chip will actually come out of reset 
TORT msec after MCLR goes high. In Figure 7-9, the 
on-chip Power-On Reset feature is being used (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 7-10 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 POR is guaranteed to work 
ii the rate of rise of Voo is no slower than 0.05V/ms and 
Voo starts from OV. The on-chip POR time delay is too 
short 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 be 
used to achieve longer POR delay times. 

FIGURE 7-7: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT 

VDD 

liilCCTfiVPP pin 

DS30015L-page 2-36 

Power-Up 1---------, 
Detect 

POR (Power-On Reset) 

WOT lime-out 

~-------,RESET 

On-Chip 
RCOSC 

8-bit Asynch 
Ripple Counter 
(Start-Up Timer) 

i------··---i s 

r------1R 
'-------~ 

a 

CHIP RESET 

© 1995 Microchip Technology Inc. 



7.4.2 DEVICE RESET TIMER (ORT) 

The Device Reset Timer provides a fixed 18 ms nomi
nal time-out on reset. The Device Reset Timer oper
ates on an internal RC oscillator. The processor is kept 
in RESET as long as the DRT is active. The DRT delay 
allows the Vooto rise above VDD min., andforthe oscil
lator to stabilize. 

Oscillator circuits based on crystals or ceramic resona
tors require a certain time after power-up to establish a 
stable oscillation. The on-chip DRT keeps the device in 
a RESET condition for approximately 18 ms after the 
voltage on the lVfC1J=i!VPP pin has reached a logic high 
(V1HMC) level. Thus, external RC networks connected 
to the liilCCTi input are not required in most cases, 
allowing for savings in cost-sensitive and/or space 
restricted applications. 

The Device Reset time delay will vary from chip to chip 
due to Voo, temperature, and process variation. See 
AC parameters for details. 

The DRT will also be triggered upon a Watchdog Timer 
time-out. This is particularly important for applications 
using the WDT to wake the PIC16C5X from SLEEP 
mode automatically. 

PIC16C5X 

7.4.3 TIME-OUT SEQUENCE 

Table 7-4 lists the reset conditions for the special func
tion registers, while Table 7-5 lists the reset conditions 
for all the registers. 

TABLE 7-3: 

TO PD 

0 0 

0 1 

1 0 

1 1 

u u 

TO/PD STATUS AFTER 
RESET 

RESET was caused by 

WDT wake-up from SLEEP 

WOT time-out (not during SLEEP) 

liilCCTi wake-up from SLEEP 

Power-up 

= Low pulse on liilCCTi input 

The TO and PD bit maintain their status (u) until a 
reset occurs. A low-pulse on the MCLR input does 
not change the TO and PD status bits. 

TABLE 7-4: RESET CONDITIONS FOR SPECIAL REGISTERS 

Condition 
STATUS PCL 

Addr: 03h Addr: 02h 

Power-On Reset 0001 lxxx 1111 1111 

MCLR reset during normal operation OOOu uuuu(l) 1111 1111 

liifCCR reset during SLEEP 0001 Ouuu 1111 1111 

WDT reset during SLEEP 0000 Ouuu 1111 1111 

WDT reset during normal operation 0000 luuu 1111 1111 

Legend: u: unchanged, x: unknown, - : unimplemented read as 'O'. 
Note 1: ro and PD bits retain their last value until one of the other reset conditions occur. 

2: The CLRWDT instruction will set the Tei and PrJ bits. 

TABLE 7-5: RESET CONDITIONS FOR ALL REGISTERS 

R~ster Address Power-On Reset MCUi or WOT Reset 

w NIA xxxx xxxx uuuu uuuu 

TRIS NIA 1111 1111 1111 1111 

OPTION N/A --11 1111 --11 1111 

INDF OOh - -
TMRO 01h xxxx xxxx uuuu uuuu 

PCL 02h 1111 1111 1111 1111 

STATUS 03h 0001 lxxx 000? ?uuu (1) 

FSR 04h xxxx xxxx luuu uuuu 

PORTA 05h ---- xxxx ---- uuuu 

PORTB 06h xxxx xxxx uuuu uuuu 

PORTC 07h xxxx xxxx uuuu uuuu 

General Purpose 08-7Fh xxxx xx.xx uuuu uuuu 

register files 
Legend: u : unchanged, x : unknown, - : unimplemented read as 'O', ? : value depends on condition. 
Note 1: See Table 7-4 for reset value for specific conditions. 
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FIGURE 7-8: TIME-OUT SEQUENCE ON POWER-UP (iiKCLR NOT TIED TO Voo): CASE 1 
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FIGURE 7-9: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO Voo): Case 2 
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FIGURE 7-10: TIME-OUT SEQUENCE ON POWER-UP (MCLRTIED TO Voo) 

VDD 

MCLR 

INTERNAL POR 

ORT TIME-OUT 

INTERNAL RESET 

DS30015L-page 2-38 

TORT ' 
;.-----.: 

© 1995 Microchip Technology Inc. 



FIGURE 7-11: EXTERNAL POWER-ON 
RESET CIRCUIT (FOR SLOW 
Voo POWER-UP) 

VDD VDD 

D R 

c 
I 

Note: 

R1 
rem 
PIC16C5X 

1. External Power-On Reset circuit is required 
only if VDD power-up is too slow. The diode 
D helps discharge the capacitor quickly 
when VDD powers down. 

2. R < 40 kn is recommended to make sure 
that voltage drop across R does not exceed 
0.2V (max leakage current spec on 
MCLRIVPP pin is 5 µA). A larger voltage 
drop will degrade V1H level on MCLRIVPP 
pin. 

3. R1 = 1 OOQ to 1 kQ will limit any current flow
ing into 1iilCUi from external capacttor C in 
the event of 1iilCUi pin breakdown due to 

PIC16C5X 

FIGURE 7-12: BROWN-OUT PROTECTION 
CIRCUIT1 

VDD 

10k 

PIC16C5X 

This circutt will activate reset when Voo goes below Vz + 
0.7V (where Vz =Zener voltage). 

FIGURE 7-13: BROWN-OUT PROTECTION 
CIRCUIT2 

VDD 

R1 

PIC16C5X 
R2 40k 

This brown-out circuit is less expensive, although 
less accurate. Transistor 01 turns off when Voo 
is below a certain level such that: 

R1 
=0.7V. VDD• 

R1 + R2 

FIGURE 7-14: ELECTRICAL STRUCTURE OF MCLRNPP PIN 

Vss Vss 
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7.5 Watchdog Timer (WOT) 

The watchdog timer is realized as a free running 
on-chip RC oscillator which does not require any exter
nal components. This RC oscillator is separate from the 
RC oscillator of the OSC1/CLKIN pin. That means that 
the WOT will run even if the clock on the OSC1/CLKIN 
and OSC2/CLKOUT pins have been stopped, for 
example, by execution of a SLEEP instruction. During 
normal operation a WOT time-out generates a device 
RESET. If the device is in SLEEP mode, a WOT 
time-out causes the device to wake-up and continue 
with normal operation. The WOT can be permanently 
disabled by programming the configuration bit WDTE 
as a 'O' (Section 7.1 ). 

7.5.1 WOT PERIOD 

The WOT has a nominal time-out period of 18 ms, (with 
no prescaler). These periods vary with temperature, 
Voo and part to part process variations(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 postscaler, if assigned to the WOT, and prevent 
it from timing out and generating a device RESET. 

The TO bit (STATUS<4>) will be cleared upon a watch
dog timer time-out. 

7.5.2 WOT PROGRAMMING CONSIDERATIONS 

Under worst case conditions (VDD = Min., Temperature 
= Max., max. WOT prescaler), it may take several sec
onds before a WOT time-out occurs. 

FIGURE 7-15: WATCHDOG TIMER BLOCK DIAGRAM 

From TMRO Clock Source 
(Figure 6-6) 

Watchdog 
Timer f---.---i 

WDTEnable 
EPROM Fuse 

PSA 

Note: TOGS, TOSE, PSA, PS2:PSO 
are bits in the OPTION register. 

0 

Postscaler 

8 -to- 1 MUX PS2:PSO 

---To TMRO (Figure 6-6) 

MUX PSA 

WDT 
Time-out 

FIGURE 7-16: SUMMARY OF REGISTERS ASSOCIATED WITH THE WATCHDOG TIMER 

Name 

Config. Word 

OPTION 

Note 1 : Shaded cells are not used by the Watchdog Timer. 
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7.6 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 TO bit (STATUS<4>) is set, the PD 
bit (STATUS<3>) is cleared and the oscillator driver is 
turned off. The 1/0 ports maintain the status they had 
before the SLEEP instruction was executed (driving 
high, driving low, or hi-impedance). 

It should be noted that a RESET generated by a WOT 
time-out does not drive the MCLR/VPP pin low. 

For lowest current consumption while powered down, 
the TOCK! input should be at VDD or Vss and The 
~VPP pin must be at a logic high level (VIHMC). 

7.6.1 WAKE-UP FROM SLEEP 

The device can wake up from SLEEP through one of 
the following events: 

1. An external reset input on MCLRIVPP pin. 

2. A Watchdog timer time-out reset (if WOT was 
enabled). 

Both of these events cause a device reset. The TO and 
l5U bits can be used to determine the cause of device 
reset. The TO bit is cleared if a WOT time-out occurred 
(and caused wake-up). The PD bit, which is set on 
power-up, is cleared when SLEEP is invoked. 

The WOT is cleared when the device wakes from 
sleep, regardless of the wake-up source. 

© 1995 Microchip Technology Inc. 
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7.7 Code Protection 

The code in the program memory can be protected by 
clearing the code protect bits. 

In a code protected mode, the configuration word will 
not be protected, allowing reading of all bits. 

Once code protected, all memory locations read out in 
a scrambled fashion. For EPROM devices, program 
memory locations 40h and above cannot be further 
programmed. However, the first 64 locations, OOh -
3Fh, may be programmed. These locations are not 
considered "secure". 

7.8 ID Locations 

Four memory locations are designated as ID locations 
where the user can store checksum or other code-iden
tification numbers. These locations are not accessible 
during normal execution but are readable and writable 
during program/verify. 

Use only the lower 4 bits of the ID locations and always 
program the upper 8 bits as '1 's. 

DS30015L-page 2-41 

• 



PIC16C5X 

NOTES: 
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8.0 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 8-2 groups the instructions into 
byte-oriented, bit-oriented, and literal and control oper
ations. 

For byte-oriented instructions, 'f' represents a file reg
ister designator and 'd' represents a destination desig
nator. The file register designator is used to specify 
which one of the 32 file registers is to be used by the 
instruction. 

The destination designator specifies where the result of 
the operation is to be placed. If 'd' is 'O', the result is 
placed in the W register. If 'd' is '1', 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 9-bit constant or literal value. 

All instructions are executed within one single instruc
tion cycle, unless a conditional test is true or the pro
gram 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 
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 2µsec. 

© 1995 Microchip Technology Inc. 
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TABLE 8-1: 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 (= 0 or 1) 

The assembler will generate code with x = 0. 
It is the recommended form of use for compat-
ibility with all Microchip software tools. 

d Destination select; 
d = O (store result in W) 
d = 1 (store result in file register 'I') 

Default is d = 1 

label Label name 
TOS Top of Stack 
PC Program Counter 
WDT Watchdog Timer Counter 
TO Time-Out bit 
PD Power-Down bit 

de st Destination, either the W register or the speci-
lied register file location 

[ l Options 

() Contents 
...., Assigned to 

<> Register bit field 

E In the set of 

italics User defined term (font is courier) 
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TABLE 8-2: INSTRUCTION SET SUMMARY 

Mnemonic, Description Cycles 12-Bit Opcode Status Notes 
Operands MSb LSb Affected 

ADDWF f,d Add Wandf 1 0001 lldf ffff C,DC,Z 1,2,4 
ANDWF f,d ANDWwithf 1 0001 Oldf fff f z 2,4 
CLRF f Clearf 1 0000 Ollf ffff z 4 
CLAW - ClearW 1 0000 0100 0000 z 
COMF f, d Complement f 1 0010 Oldf ffff z 
DECF f,d Decrement f 1 0000 lldf ff ff z 2,4 
DECFSZ f,d Decrement f, Skip if 0 1 (2) 0010 lldf ffff None 2,4 
INCF f,d Increment f 1 0010 lOdf ff ff z 2,4 
INCFSZ f,d Increment f, Skip if 0 1 (2) 0011 lldf ffff None 2,4 
IORWF f,d Inclusive OR W with f 1 0001 OOdf ffff z 2,4 
MOVF f, d Move f 1 0010 OOdf ff ff z 2,4 
MOVWF f Move Wtof 1 0000 OOlf ff ff None 1,4 
NOP - No Operation 1 0000 0000 0000 None 
RLF f, d Rotate left f through Carry 1 0011 Oldf fff f c 2,4 
RRF f, d Rotate right f through Carry 1 0011 OOdf ff ff c 2,4 
SUBWF f, d Subtract W from f 1 0000 lOdf ffff C,DC,Z 1,2,4 
SWAPF f, d Swap I 1 0011 lOdf ffff None 2,4 
XORWF f,d Exclusive OR W with f 1 0001 lOdf ff ff z 2,4 

BIT-ORIENTED FILE REGISTER OPERATIONS 

BCF f, b Bit Clear I 1 0100 bbbf ff ff None 2,4 
BSF f, b Bit Set f 1 0101 bbbf ff ff None 2,4 
BTFSC f,b Bit Test f, Skip if Clear 1 (2) 0110 bbbf ffff None 
BTFSS f, b Bit Test f, Skip if Set 1 (2) 0111 bbbf ffff None 

LITERAL AND CONTROL OPERATIONS 

ANDLW k AND literal with W 1 1110 kkkk kkkk z 
CALL k Call subroutine 2 1001 kkkk kkkk None 1 
CLRWDT k Clear watchdog timer 1 0000 0000 0100 TO,Pr5 
GOTO k Unconditional branch 2 lOlk kkkk kkkk None 
IORLW k Inclusive OR ltteral with W 1 1101 kkkk kkkk z 
MOVLW k Move Literal to W 1 1100 kkkk kkkk None 
OPTION k Load OPTION register 1 0000 0000 0010 None 
RETLW k Return, place literal in W 2 1000 kkkk kkkk None 
SLEEP - Go into standby mode 1 0000 0000 0011 TO.PD 
TRIS f Load TRIS register 1 0000 0000 Of ff None 3 
XORLW k Exclusive OR Literal to W 1 1111 kkkk kkkk z 
Note 1 : the 9th bit of the program counter will be forced to a 'O' by any instruction that writes to the PC except for 

GOTO. (Section 4.6) 
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 input and 
is driven low by an external device, the data will be written back with a 'O'. 

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 PORTA, B or C, respectively. A '1' forces the pin to a hi-impedance state and disables 
the output buffers. 

4: If this instruction is executed on the TMRO register (and, where applicable, d = 1), the prescaler will be 
cleared (if assigned to TMRO). 
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ADDWF AddW andf 

Syntax: [ label] ADDWF f ,d 

Operands: 0 $ f $ 127 
d E [0,1] 

Operation: (W) + (f) -t (dest) 

Status Affected: C, DC, Z 
Encoding: !~00_0_1-~!-1_1_a_f~-f-f_f_f~ 

Description: Add the contents of the W register 
and register'!'. If "d" 1s o the result 1s 
stored in the W register. If 'd' is 1 the 
result is stored back in register 'I'. 

Words: 

Cycles: 

Example: ADDWF FSR, 0 

Before Instruction 
W = Ox17 
FSR = OxC2 

After Instruction 
W = OxD9 
FSR = OxC2 

ANDLW And literal with W 

Syntax: [label] ANDLW k 

Operands: 0 $ k $ 255 

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

Status Affected: Z 

Encoding: [iuo I kkkk I kkkk 

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

Words: 

Cycles: 

Example: ANDLW Ox SF 

Before Instruction 
W = OxA3 

After Instruction 
W = Ox03 
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ANDWF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

PIC16C5X 

AND Wwithf 

[label] ANDWF l,d 

0$f$127 
d E [0,1] 

(W) .AND. (f) -> (dest) 

z 
I 0001 I Oldf I ffff 

The contents of the W register are 
AND'ed with reglstEH 'f'. 11 'd' is 0 ti-us 
result is stored in the W register. If 'd' 
is 1 the result is stored back in register 
'f'. 

1 

ANDWF FSR, 

Before Instruction 
W = Ox17 

FSR = OxC2 

After Instruction 
W = Ox17 
FSR = Ox02 

BCF Bit Clearf 

Syntax: [label] BCF f,b 

Operands: 

Operation: 

Status Affected: 

0$f$127 
0$b$7 

0--t (kb>) 

None 

Encoding: I 0100 I bbbf ff ff 

Description: Bit 'b' in register 'f' is cleared. 

Words: 

Cycles: 

Example: BCF 

Before Instruction 
FLAG_REG = OxC7 

After Instruction 
FLAG_REG = Ox47 

FLAG_REG, 7 
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BSF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

Bit Set f 

[label] BSF f,b 

0:51:5127 
Osbs7 

1 ~(kb>) 

None 

I 0101 I bbbf ff ff 

Bit 'b' in register 1' is set. 

BSF FLAG_REG, 

Before Instruction 
FLAG_REG= OxOA 

After Instruction 
FLAG_REG= OxBA 

BTFSC 

Syntax: 

Operands: 

Operation: 

Status Affected: 

BitTest f, Skip if Clear 

[label] BTFSC f,b 

OSf S 127 
0SbS7 

skip if (kb>)= O 

None 

7 

Encoding: I 0110 I bbbf ffff 

Description: 

Words: 

Cycles: 

Example: 

If bit 'b' in register 'f' is O then the next 
instruction is skipped. 

If bit 'b' is o then the next instruction 
fetched during the current instruction 
execution is discarded, and an NOP is 
executed instead, making this a 2 cycle 
instruction. 

1 

1(2) 

HERE BTFSC 
FALSE GOTO 
TRUE 

FLAG,1 
PROCESS_CODE 

Before Instruction 
PC address (HERE) 

After Instruction 
if FLAG<1> 
PC 
if FLAG<1> 
PC 
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0, 
address (TRUE) ; 

1, 
address (FALSE) 

BTFSS 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

Bit Test f, Skip if Set 

[label] BTFSS f,b 

OSI S 127 
OSb< 7 

skip if (kb>) = 1 

None 

1 0111 I bbbf ffff 

If bit 'b' in register 'f' is '1' then the next 
instruction is skipped. 
If bit 'b' is '1', then the next instruction 
fetched during the current instruction 
execution, is discarded and an NOP is 
executed instead, making this a 2 cycle 
instruction. 

1 

1(2) 

HERE BTFSS FLAG,1 
FALSE GOTO PROCESS_CODE 
TRUE 

Before Instruction 
PC address (HERE) 

After Instruction 
If FLAG<1> 
PC 
if FLAG<1> 
PC 

0, 
address (FALSE); 
1, 
address (TRUE) 
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CALL 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

Subroutine Call 

[ label] CALL k 

O~k~2047 

(PC)+ 1~ Top of Stack; 
k~ PC<B:O>; 
(STATUS<6:5>) ~ PC<10:9>; 
O~ PC<B> 

None 

I "O' I •V " I kkkk kkkk 

Subroutine call. First, return address 
(PC+ 1) is pushed onto the stack. The 
eight bit immediate address is loaded 
into PC b~s <7:0>. The upper bits 
PC<10:9> are loaded from STA
TUS<6:5>, PC<B> is cleared. CALL is 
a two cycle instruction. 

2 

HERE CALL THERE 

Before Instruction 
PC = address (HERE) 

After Instruction 
PC = address (THERE) 
TOS = address (HERE) 

CLRF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

Clear f 

[label] CLRF 

0~1~127 

OOh ~ (f); 
1~Z 

z 
I 0000 I Ollf ffff 

The contents of register 'I' are cleared 
and the Z bit is set. 

CLRF FLAG_REG 

Before Instruction 
FLAG_REG OxSA 

After Instruction 
FLAG_REG 
z 

OxOO 
1 

PIC16C5X 

CLAW ClearW 

Syntax: [ label] CLAW 

Operands: None 

Operation: OOh ~ (W); 
1~Z 

Status Affected: Z 

Encoding: I 0000 I 0100 0000 

Description: The W register is cleared. Zero bit (Z) 
is set. 

Words: 

Cycles: 

Example: CLRW 

Before Instruction 
W = OxSA 

After Instruction 
w oxoo 
z 1 

CLRWDT 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

Clear Watchdog Timer 

[ label] CLRWDT 

None 

OOh~WDT; 

O ~ WDT prescaler; 
1 ~TO; 
1 ~ l5D 
TO, PD 

1 0000 I 0000 0100 

The CLRWDT instruction resets the 
WOT. It also resets the prescaler of 
the WOT. Status bits TO and PU are 
set. 

CLRWDT 

Before Instruction 
WOT counter ? 

After Instruction 
WOT counter OxOO 
WOT prescale = 0 
iO 
PU 
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COMF Complement f 

Syntax: 

Operands: 

[label) COMF f,d 

Ost s 127 

Operation: 

Status Affected: 

Encoding: 

d E (0,1) 

(1) ~(des!) 

z 
I 0010 I Oldf ffff 

Description: The contents of register 'f' are comple
mented. II 'd' is 0 the result is stored in 
the W register. If 'd' is 1 the result is 
stored back in register 'f'. 

Words: 

Cycles: 

Example: COMF REGl,O 

Before Instruction 
REG1 Ox13 

After Instruction 
REG1 Ox13 
W OxEC 

DECF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Decrement f 

[label] DECF f,d 

0SfS127 
d E (0,1) 

(f) - 1 ~ (des!) 

z 
I 0000 i naf ff ff 

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'. 

Words: 1 

Cycles: 

Example: DECF CNT, 1 

Before Instruction 
CNT Ox01 
z 0 

After Instruction 
CNT OxOO 
z 1 

DECFSZ 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

Decrement f, Skip if O 

[label) DECFSZ f,d 

0 sf s 127 
d E [0,1) 

(f) - 1 ~ d; skip if result = 0 

None 

I 0010 j 11af I ffffJ 

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 
and an NOP is executed instead mak
ing It a two cycle instruction. 

1 

1(2) 

HERE DECFSZ CNT, 
GOTO LOOP 

CONTINUE 

Before Instruction 
PC address (HERE) 

After Instruction 
CNT CNT-1; 

0, ttCNT 
PC 
ifCNT ~ 

PC 

GOTO 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

address (CONTINUE); 

0, 
address (HERE+l) 

Unconditional Branch 

[ label] GOTO k 

0SkS2047 

k~ PC<8:0>; 
STATUS<6:5> ~ PC<10:9> 

None 

i 101k I kkkk I kkkk 

GOTO Is an unconditional branch. The 
9-blt immediate value is loaded into 
PC bits <B:O>. The upper bits of PC 
are loaded from STATUS<6:5>. GOTO 
is a two cycle Instruction. 

1 

2 

GOTO THERE 

After Instruction 
PC ~ address (THERE) 
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INCF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

lncrementf 

[label] INCF f,d 

Osfs127 
d E (0,1) 

(f) + 1 ~ (dest) 

z 
Encoding: I 0010 i 1oaf ffff 

D1:15criptio11: 

Words: 

Cycles: 

Example: 

The contents of register 'f' are incre
mented. If 'd' is 0 the result is placed 
in the W register. If 'd' is 1 the result is 
placed back in register 'f'. 

INCF CNT, 1 

Before Instruction 
CNT OxFF 
z 0 

After Instruction 
CNT OxOO 
z 1 

INCFSZ 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Increment f, Skip if O 

[label] INCFSZ f,d 

Os f s 127 
d E (0,1) 

(f) + 1 ~ (dest), skip if result= O 

None 

Encoding: I 0011 j 11af I ffff 
Description: 

Words: 

Cycles: 

Example: 

The contents of register 'f' are incre
mented. If 'd' is 0 the result is placed 
in the W register. If 'd' is 1 the result is 
placed back in register '!'. 

If the result is 0, then the next instruc
tion, which is already fetched, is dis
carded and an NOP is executed 
instead making it a two cycle instruc
tion. 

1 

1(2) 

HERE INCFSZ CNT, 
GOTO LOOP 

CONTINUE 

Before Instruction 
PC address (HERE l 

After Instruction 
CNT 
i!CNT 
PC 
ifCNT * 
PC 

CNT + 1; 
0, 
address (CONTINUE) ; 
0, 
address (HERE + 1 ) 
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IORLW Inclusive OR literal with W 

Syntax: [label] IORLW k 

Operands: 0 s k s 255 

Operation: (W) .OR. (k) ~ (W) 

Status Affected: Z 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

i 1101 I kkkk I kkkk 

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 

IORWF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

Inclusive OR W with f 

[label] IORWF f,d 

0 sf s 127 
d E (0,1) 

(W) .OR. (f) ~ (dest) 

z 
I 0001 I OOdf I ffff 
Inclusive OR the W register with regis
ter 'f'. If 'd' is 0 the result is placed in 
the W register. If 'd' is 1 the result is 
placed back in register'!'. 

IORWF RESULT, 0 

Before Instruction 
RESULT = Ox13 
W Ox91 

After Instruction 
RESULT = Ox13 
W Ox93 
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MOVF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

Movef 

[label] MOVF f,d 

o::;t::; 121 
d E (0,1] 

(f) ~ (dest) 

z 
I 0010 I OOdf ffff 

The contents of register 'f' is moved to 
destination 'd'. If 'd' is 0, destination is 
the W register. If 'd' is 1, the destina
tion is file register T. 'd' is 1 is useful to 
test a file register since status flag Z is 
affected. 

MOVF FSR, 0 

After Instruction 
W = value in FSR register 

MOVLW Move literal to W 

Syntax: [ label] MOVLW k 

Operands: O::;; k ::;; 255 

Operation: k ~ (W) 

Status Affected: None 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

11100 I kkkk I kkkk 

The eight bit literal 'k' is loaded into 
the W register. The don't cares will 
assemble as Os. 

MOVLW OxSA 

After Instruction 
W = OxSA 
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MOVWF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

MoveWtof 

[ label] MOVWF 

0::;; f::;; 127 

(W)~(f) 

None 

Encoding: I 0000 I OOlf ffff 

Description: Move data from the W register to reg
ister 1'. 

Words: 

Cycles: 

Example: MOVWF TEMP_REG 

Before Instruction 
TEMP_REG 
w 

After Instruction 
TEMP_REG 
w 

OxFF 
Ox4F 

Ox4F 
Ox4F 

NOP No Operation 

Syntax: [label] NOP 

Operands: None 

Operation: No operation 

Status Affected: None 

Encoding: I 0000 I 0000 

Description: No operation. 

Words: 

Cycles: 

Example: NOP 

0000 
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OPTION Load OPTION Register 

Syntax: 

Operands: 

[label] OPTION 

None 

Operation: 

Status Affected: 

(W)---7 OPTION 

None 

Encoding: 10000 I 0000 10010 

Description: The content of the W register is loaded 
into the OPTION register. 

Words: 1 

Cycles: 

Example OPTION 

Before Instruction 
W Ox07 

After Instruction 
OPTION = Ox07 

RETLW Return, place literal in W 

Syntax: [label] RETLW k 

Operands: 0 s ks 255 

Operation: k ---7 (W); 
TOS---7PC 

Status Affected: None 
Encoding: rl _l_O_O_O_rl k_k_k_k_,, _k_k_k_k~ 

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. 

Words: 

Cycles: 2 

Example: CALL TABLE ;W contains 
;table 

TABLE ;offset value 

ADDWF PC 
RETLW kl 
RETLW k2 

RETLW kn 

Before Instruction 
W Ox07 

After Instruction 
W value of k7 
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;W now has table 
value• 

;W = offset 
;Begin table 

End of table 

ALF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

PIC16C5X 

Rotate Left f through Carry 

[ label] RLF f ,d 

0SfS127 
d E [0,1] 

See description below 

c 
Encoding: I 0011 I Oldf I ffff 

Description: 

Words: 

Cycles: 

Example: 

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'. 

~ register 'f' l=i 

RLF REGl, 0 

Before Instruction 
REG1 1110 0110 
c 0 

After Instruction 
REG1 1110 0110 
w 1100 1100 
c 
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RRF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

Rotate Right f through Carry 

[label] RRF f,d 

0$f $127 
d E (0,1j 

See description below 

c 
I 0011 I OOdf I ffff 

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 'f'. 

~ register 'f' t-J 

RRF REGl,O 

Before Instruction 
REG1 
c 

After Instruction 
REG1 
w 
c 

SLEEP 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

1110 0110 
0 

1110 0110 
0111 0011 

Enter SLEEP Mode 

[label] SLEEP 

None 

OOh-+ WOT; 
O -+ WOT prescaler; 
1-+ TO; 
0-+ PD 

TO, PD" 
I 0000 I 0000 I 0011 

Time-out status bit (TO) is set. The 
power down status bit (J51J} is 
cleared. The WDT and Its prescaler 
are cleared. 

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

Example: SLEEP 

SUBWF Subtract W from f 

Syntax: 

Operands: 

[label] SUBWF f,d 

0$f$127 
d E (0,1] 

Operation: 

Status Affected: 

(f) - (W)-+ (dest) 

C,DC,Z 

Encoding: I 0000 \ 1adf I ffff 

Description: Subtract (2's complement method) 
the W register from register 'f'. 11 'd' 
is o the result is stored in the W reg
ister. If 'd' is 1 the result is stored 
back in register T. 

Words: 

Cycles: 

Example 1: SUBWF REGl, l 

Before Instruction 
REG1 3 
w 2 
c ? 

After Instruction 
REG1 1 
w 2 
c ; resu It is positive 

Example 2: 

Before Instruction 
REG1 2 
w 2 
c ? 

After Instruction 
REG1 0 
w 2 
C 1 ; result is zero 

Example 3: 

Before Instruction 
REG1 1 
w 2 
c ? 

After Instruction 
REG1 FF 
w 2 
C o ; result is negative 
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SWAPF Swapf 

Syntax: [label] SWAPF l,d 

Operands: O 5 I 5 127 
d E [0,1) 

Operation: (k3:0>) -7 (desk7:4>); 
(k7:4>) -7 (desk3:0>) 

Status Affected: None 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

I 0011 I lOdf I !tt! 
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'. 

SWAPP REGl, 0 

Before Instruction 
REG1 OxA5 

After Instruction 
REG1 OxA5 
W OX5A 

TRIS Load TRIS Register 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

[label] TRIS f 

55157 

(W) -7 TRIS register f 

None 

I 0000 I 0000 I Offf 

TRIS register 'f' (f = 5, 6, or 7) is loaded 
with the contents of the W register 

1 

TRIS PORTA 

Before Instruction 
W OXA5 

After Instruction 
TRISA OXA5 

XORLW 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

PIC16C5X 

Exclusive OR literal with W 

[label] XORLW k 

05k5255 

(W) .XOR. k -7 (W) 

z 
i 1111 I kkkk I kkkk 

The contents of the W register are 
XOR'ed with the eight bit literal 'k' . 
The result is placed in the W regis
ter. 

XORLW OxAF 

Before Instruction 
W OxB5 

After Instruction 
W Ox1A 

XORWF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

Exclusive OR W with f 

[label] XORWF f,d 

0515127 
d E [0,1) 

(W) .XOR. (f) -7 (dest) 

z 
I 0001 I lOdf I ffff 

Exclusive OR the contents of 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'. 

1 

1 

XORWF REG 

Before Instruction 
REG OxAF 
W OxB5 

After Instruction 
REG Ox1A 
W OxB5 
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NOTES: 
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PIC16C5X 
9.0 ELECTRICAL CHARACTERISTICS 

9.1 Absolute Maximum Ratings± 

Ambient temperature under bias .............................................................................................................. -ss·c to +125°C 

Storage temperature ............................................................................................................................... -65°C to+ 1 so·c 
Voltage on Voo with respect to Vss .................................................................................................................. O to + 7.5V 

Voltage on MCLR with respect to Vss .............................................................................................................. O to + 14 V 

Voltage on all other pins with respect to Vss ..................................................................................... -0.6V to \A:JD + 0.6V 

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 (TOCK! only) ...................................................................................................................... :±500 µA 

Input clamp current, llK (VI < O or VI > Voo) ...................................................................................................................... :120 mA 

Output clamp current, IOK (VO < O or VO > Voo) ............................................................................................................... :120 mA 

Max. output current sunk 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 (PORTA, B or C) ........................................................................ .40 mA 

Max. output current sunk by a single 1/0 port (PORTA, B or C) ............................................................................... 50 mA 

Note 1: Total power dissipation should not exceed 800 mW for the package. Power dissipation is calculated as fol
lows: 

Pdis = Voo x {loo - I IOH} +I {(Voo-VoH) x IOH} + I(VOL x IOL) 

TABLE 9·1: CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS 
AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES) 

OSC 16C5X-04 

RC Voo: 3.0V to 6.25V 
loo: 2.4 mA Max. at 5.5V 
IPD: 4 µA Max. at 3.0V 

WDTdis 
Freq: 4 MHz Max. 

XT Voo: 3.0V to 6.25V 
loo: 2.4 mA Max. at 5.5V 
IPD: 5 µA Max. at 3.0V 

WDTdis 

11 µA typ. at 32 kHz, 
2.5V 
0.25 µA typ. at 2.5V 
WDTdis 

Freq: 200 kHz typ. 

The shaded sections indicate oscillator selections which are tested for functionality, but not for MIN/MAX specifica
tions. It is recommended that the user select the device type that guarantees the specifications required. 
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PIC16C5X 

TABLE 9-2: DC CHARACTERISTICS: PIC16C5X-RC, XT, HS, LP (COMMERCIAL) 

DC Characteristics 
Standard Operating Conditions 

Power Supply Pins 
Operating Temperature 0°C::; TA::; +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 
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 Voltage VDR 1.5 v Device in SLEEP mode 
(Note 3} 

Voo start voltage to guaran- VPOR Vss v See Section 7.4 for details on Power-
tee Power-On Reset On Reset 

Voo rise rate to guarantee Svoo 0.05* Vims See Section 7.4 for details on Power-
Power-On Reset On Reset 

Supply Current (Note 2) 
PIC16C5X-XT IDD 1.8 3.3 mA Fosc = 4 MHz, VDD = 5.5V 
PIC16C5X-RC (Note 5) 1.8 3.3 mA Fosc = 4 MHz, VDD = 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, VDD = 3.0V, WDT dis-

ab led 

Power Down Current (Note 4) 
PIC16C5X IPD 4 12 µA VDD = 3.0V, WDT enabled 

0.6 9 µA Voo = 3.0V, 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, cir guaranteed by Microchip Technology. 
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 'vbo, TOCKI = 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. 

3: This is the limit to which Voo can be lowered in SLEEP mode without losing RAM data. 
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 \A:>o and Vss. 
5: Does not include current through Rex!. The current through the resistor can be estimated by the formula: 

IR = VDD/2Rext (mA) with Rext in kOhm. 
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TABLE 9-3: DC CHARACTERISTICS: PIC16C5Xl-RC, XT, HS, LP (INDUSTRIAL) 

DC Characteristics 
Standard Operating Conditions 

Power Supply Pins 
Operating Temperature -40°C s TA s +85°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 
PIC16C5Xl-XT VDD 3.0 6.25 v Fosc = DC to 4 MHz 
PIC16C5Xl-RC 3.0 6.25 v Fosc = DC to 4 MHz 
PIC16C5Xl-HS 4.5 55 v Fosc = DC to 20 MHz 
PIC16C5Xl-LP 2.5 6.25 v Fosc = DC to 40 kHz 

RAM Data Retention Voltage VDR 1.5 v Device in SLEEP mode 
(Note 3) 

Voo start voltage to guaran- VPOR Vss v See Section 7.4 for details on Power-
tee Power-On Reset On Reset 

Voo rise rate to guarantee Svoo 0.05* Vims See Section 7.4 for details on Power-
Power-On Reset On Reset 

Supply Current (Note 2) 
PIC16C5Xl-XT IDD 1.8 3.3 mA Fosc = 4 MHz, Voo = 5.5V 
PIC16C5Xl-RC (Note 5) 1.8 3.3 mA Fosc = 4 MHz, Voo = 5.5V 
PIC16C5Xl-HS 4.8 10 mA Fosc = 10 MHz, VDD = 5.5V 

9.0 20 mA Fosc = 20 MHz, VDD = 5.5V 
PIC16C5Xl-LP 19 40 µA Fosc = 32 kHz, VDD = 3.0V, WOT dis-

ab led 

Power Down Current (Note 4) 
PIC16C5XI IPD 5 14 µA Voo = 3.0V, WOT enabled 

0.6 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. 
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=extemal square wave, from rail to rail; all 1/0 pins tristated, pulled to \tlo, TOCK!= 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. 

3: This is the limit to which Voo can be lowered in SLEEP mode without losing RAM data. 
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 \tlo and Vss. 
5: Does not include current through Rext. The current through the resistor can be estimated by the formula: 

IA= Voo/2Rext (mA) with Rext in kOhm. 
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TABLE 9-4: DC CHARACTERISTICS: PIC16C5XE-RC, XT, HS, LP (AUTOMOTIVE) 

DC Characteristics 
Standard Operating Conditions 

Power Supply Pins 
Operating Temperature -40"C :5 TA :5 + 125°C, un.less otherwise stated. 
Operating Voltage Voo = 3.5V to 5.5V, unless otherwise stated. 

Characteristic Sym Min 
Typ 

Max Units Conditions 
(Note 1) 

Supply Voltage 
PIC16C5XE-XT Voo 3.25 6.0 v Fosc = DC to 4 MHz 
PIC16C5XE-RC 3.25 6.0 v Fosc = DC to 4 MHz 
PIC16C5XE-HS 4.5 5.5 v Fosc = DC to 20 MHz 
PIC16C5XE-LP 2.5 6.0 v Fosc = DC to 40 kHz 

RAM Data Retention Voltage VDR 1.5 v Device in SLEEP mode 
(Note 3) 

Voo Start Voltage to Guaran- VPOR Vss v See Section 7.4 for details on Power-
tee Power-On Reset On Reset 

Voo rise rate to guarantee Svoo 0.05* Vims See Section 7.4 for details on Power-
Power-On Reset On Reset 

Supply Current (Note 2) 
PIC16C5XE-XT IDD 1.8 3.3 mA Fosc = 4 MHz, Voo = 5.5V 
PIC16C5XE-RC (Note 5) 1.8 3.3 mA Fosc = 4 MHz, VDD = 5.5V 
PIC16C5XE-HS 4.8 10 mA Fosc = 10 MHz, Voo = 5.5V 

9.0 20 mA Fosc = 16 MHz, Voo = 5.5V 
PIC16C5XE-LP 25 55 µA Fosc = 32 kHz, Voo = 3.25V, WDT dis-

ab led 

Power Down Current (Note 4) 
PIC16C5XE IPD 5 22 µA Voo = 3.25V, WDT enabled 

0.8 18 µA VDD = 3.25V, WDT disabled 

*These parameters are based on charactenzat1on 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. 
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=extemal square wave, from rail to rail; all 1/0 pins tristated, pulled to \A:m, TOCKI = 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. 

3: This is the limit to which Voo can be lowered in SLEEP mode without losing RAM data. 
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 \bo and Vss. 
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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TABLE 9-5: DC CHARACTERISTICS:PIC16C5X-RC, XT, HS, LP (COMMERCIAL) 
PIC16C5Xl-RC, XT, HS, LP (INDUSTRIAL) 

DC Characteristics 
Standard Operating Conditions 

All Pins Except Power Supply 
Operating Temperature -40°C s TA ,,; +85°C (for industrial) 

0°c,,; TA,,; +70°C (for commercial) 
Pins 

Operating Voltage Voo range is described in Section 9.1 and Section 9.2. 

Characteristic Sym Min 
Typ 

Max Units Conditions 
(Note 1) 

Input Low Voltage 
l!O ports V" Vss 0.2 VDD v Pin at hi-impedance 

MCLR (Schmitt Trigger) Vss 0.15 Voo v 
TOCKI (Schmitt Trigger) Vss 0.15 Voo v 
OSC1 (Schmitt Trigger) Vss 0.15 Voo v PIC16C5X-RC only (Note 5) 
OSC1 Vss 0.3 Voo v PIC16C5X-XT, HS, LP 

Input High Voltage 
1/0 ports VIH 0.45 Voo Yoo v For all Voo (Note 6) 

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

MCLR (Schmitt Trigger) 0.85 Voo Yoo v 
TOCKI (Schmitt Trigger) 0.85 Voo Yoo v 
OSC1 (Schmitt Trigger) 0.85 Yoo Yoo v PIC16C5X-RC only (Note 5) 
OSC1 0.7 Voo Yoo v PIC16C5X-XT, HS, LP 

Input Leakage Current For VDD $ 5.5V 
(Notes 3,4) 
1/0 ports Ill -1 0.5 +1 µA Vss $ VPIN $Yoo, 

Pin at hi-impedance 
MCLR -5 µA VPIN = Vss + 0.25V 
MCLR 0.5 +5 µA YPIN =Yoo 
TOCKI -3 0.5 +3 µA Vss $ YPIN $Yoo 
OSC1 -3 0.5 +3 µA Vss $ VPIN $ Yoo 

PIC16C5X-XT, HS, LP 

Output Low Voltage 
1/0 ports VOL 0.6 v IOL = 8.7 mA, Yoo = 4.5V 
OSC2/CLKOUT 0.6 v IOL = 1.6 mA, Yoo = 4.5V 
(PIC16C5X-RC) 

Output High Voltage 
1/0 ports (Note 4) YOH Voo-0.7 v IOH = -5.4 mA, Voo = 4.5V 
OSC2/CLKOUT Voo-0.7 v IOH = -1.0 mA, Yoo = 4.5V 
(PIC16C5X-RC) 

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

2: Total power dissipation as stated under absolute maximum ratings must not be exceeded. 
3: The leakage current on the MCLR/VPP 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 
voltage. 

4: Negative current is defined as coming out of the pin. 
5: For PIC16C5X-RC devices, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that the 

PIC16C5X be driven with external clock in RC mode. 
6: The user may use the better of the two specifications. 
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TABLE 9-6: DC CHARACTERISTICS: PIC16C5X-RC, XT, HS, LP (AUTOMOTIVE) 

DC Characteristics Standard Operating Conditions 
All Pins Except Power Supply Operating Temperature -40°C $TA$ +125°C 

Pins Operating Voltage Voo range is described in Section 9.1 and Section 9.2. 

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 
TOCKI (Schmitt Trigger) Vss 0.15 VDD v 
OSC1 (Schmitt Trigger) Vss 0.15 VDD v PIC16C5X-RC only (Note 5) 
OSC1 Vss 0.3 Voo v PIC16C5X-XT, HS, LP 

Input High Voltage 
1/0 ports VIH 0.45 VDD VDD v For all Voo (Note 6) 

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

MCLR (Schmitt Trigger) 0.85 VDD VDD v 
TOCKI (Schmitt Trigger) 0.85 VDD VDD v 
OSC1 (Schmitt Trigger) 0.85 VDD VDD v PIC16C5X-RC only (Note 5) 
OSC1 0.7 VDD VDD v PIC16C5X-XT, HS, LP 

Input Leakage Current For Voo $ 5.5V 
(Notes 3,4) 
1/0 ports llL -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 = VDD 
TOCK! -3 0.5 +3 µA Vss $ VPIN $ VDD 
OSC1 -3 0.5 +3 µA Vss $ VPIN $ VDD 

PIC16C5X-XT, HS, LP 

Output Low Voltage 
1/0 ports VOL 0.6 v IOL = 8.7 mA, VDD = 4.5V 
OSC2/CLKOUT 0.6 v IOL = 1.6 mA, VDD = 4.5V 
(PIC16C5X-RC) 

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

Note 1: Data m the column labeled Typical 1s based on characterization results at 28'C. This data 1s for design guid
ance only and is not tested for, or guaranteed by Microchip Technology. 

2: Total power dissipation as stated under absolute maximum ratings must not be exceeded. 
3: The leakage current on the MCLRIVPP 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 
voltage. 

4: Negative current is defined as coming out of the pin. 
5: For PIC16C5X-RC devices, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that the 

PIC16C5X be driven with external clock in RC mode. 
6: The user may use the better of the two specifications. 
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9.2 Timing Diagrams and Specifications 

FIGURE 9-1: LOAD CONDITIONS 

Pin ~CL 

+ Vss 

© 1995 Microchip Technology Inc. 

CL= 

PIC16C5X 

50 pF for all pins except OSC2 
15 pF for OSC2 in XT, HS or LP 
modes when external clock is used 
to drive OSC1 
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FIGURE 9-2: EXTERNAL CLOCK TIMING 
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TABLE 9-7: EXTERNAL CLOCK TIMING REQUIREMENTS 

Parameter Sym Characteristic Min Typt Max Units Conditions 
No. 

Fosc External CLKIN Frequency DC - 4 MHz RC oscmode 
(Note 1) DC - 4 MHz XTosc mode 

DC - 20 MHz HS osc mode (Comm/Indus!) 

DC - 16 MHz HS osc mode (Automotive) 

DC - 40 kHz LP osc mode 

Oscillator Frequency DC - 4 MHz RCosc mode 
(Note 1) 0.1 - 4 MHz XToscmode 

4 - 20 MHz HS osc mode (Comm/Indus!) 

4 - 16 MHz HS osc mode (Automotive) 

5 - 40 kHz LP osc mode 

1 Tosc External CLKIN Period 250 - - ns RC oscmode 
(Note 1) 250 - - ns XTosc mode 

50 - - ns HS osc mode 

100 - - µs LP osc mode 

Oscillator Period 250 - - ns RCosc mode 
(Note 1) 250 - 10,000 ns XToscmode 

62.5 - 250 ns HS osc mode (Comm/Indus!) 

50 - 250 ns HS osc mode (Automotive) 

100 - 200 µs LP osc mode 

2 TCY Instruction Cycle Time (Note 1) 1.0 - DC µs 

3 TosL, TosH Clock in (OSC1) Low or High Time 50 - - ns XT oscillator 

2.5 - - µs LP oscillator 

10 - - ns HS oscillator 

4 TosR, TosF Clock in (OSC1) Rise or Fall Time 25 - - ns XToscillator 

50 - - ns LP oscillator 

15 - - ns HS oscillator 

t Data 1n "Typ" column 1s at 5V, 25'C unless otherwise stated. These parameters are for design guidance only 
and are not tested. 

Note 1: Instruction cycle period (Tcv) 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 expected current consumption. All devices are tested to operate at "min." values with an 
external clock applied to the OSC1/CLKIN pin. 
When an external clock input is used, the "Max." cycle time limit is "DC' (no clock) for all devices. 
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FIGURE 9·3: CLKOUT AND VO TIMING 
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Note: All tests must be done with specified capacitive loads (see datasheet) 50 pF on 1/0 pins and CLKOUT. 

TABLE 9-8: CLKOUT AND VO TIMING REQUIREMENTS 

Parameter Sym Characteristic Min Ty pt Max Units Conditions 
No. 

10 TosH2ckL OSC1 i to CLKOUT J, - 15 30 ns Note 1 

11 TosH2ckH OSC1 i to CLKOUTi - 15 30 ns Note 1 

12 TckR CLKOUT rise time - 5 15 ns Note 1 

13 TckF CLKOUT fall time - 5 15 ns Note 1 

14 TckL2ioV CLKOUT J, to Port out valid - - 0.5TCY+20 ns Note 1 

15 TioV2ckH Port in valid before CLKOUTi 0.25 TCY+25 - - ns Note 1 

16 TckH2iol Port in hold alter CLKOUTi 0 - - ns Note 1 

17 TosH2ioV OSC1 i (01 cycle) to Port out valid - - 80-100 ns Note 2 

18 TosH2iol OSC1 i (02 cycle) to Port input invalid 
(1/0 in hold time) TBD - - ns 

19 TioV2osH Port input valid to OSC1i (1/0 in setup 
time) TBD - - ns 

20 TioR Port output rise time - 10 25 ns Note 2 

21 TioF Port output fall time - 10 25 ns Note2 

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. 
Note 1 : Measurements are taken in RC Mode where CLKOUT output is 4 x Tosc. 

2: See Figure 9-1 for loading conditions. 
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FIGURE 9-4: RESET, WATCHDOG TIMER, AND DEVICE RESET TIMER TIMING 
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Note 1: 1/0 pins must be taken out of hi-impedance mode by enabling the output drivers in software. 

TABLE 9-9: RESET, WATCHDOG TIMER, AND DEVICE RESET TIMER 

Parameter 
No. Sym Characteristic Min Ty pt Max Units Conditions 

30 Tmcl MCLR Pulse Width (low) 100 - - ns Voo = 5V, -40°C to +125"C 

31 Twdt Watchdog nmer nmeout Period 9* 18 30* ms VOo = 5V, -40°C to +125°C 

(No Prescaler) 

32 TORT Device Reset nmer Period 9* 18* 30* ms Voo = 5V, -40"C to +125°C 

34 noz 1/0 Hi-impedance from MCLR Low 100 ns 

These parameters are characterized but not tested. 
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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FIGURE 9-5: Tl MERO CLOCK TIMINGS 

RA4/TOCKI 
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TABLE 9-10: TIMERO CLOCK REQUIREMENTS 

Parameter Sym Characteristic Min Ty pt Max Units Conditions 
No. 

40 TtOH TOCK! High Pulse Width No Prescaler 0.5 Tcv + 20• - - ns 

With Prescaler 10* - - ns 

41 TtOL TOCKI Low Pulse Width No Prescaler 0.5 TCY + 20* - - ns 

With Prescaler 10* - - ns 

42 TtoP TOCKI Period IcY.:tAQ* - - ns N = prescale value 
N (1, 2, 4, ... , 256) 

These parameters are characterized but not tested. 
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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NOTES: 
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10.0 DC AND AC CHARACTERISTICS 
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 \obo 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 summary 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 + :b) and (mean - 3o) 
respectively where cr is standard deviation. 

FIGURE 10-1: TYPICAL RC OSCILLATOR FREQUENCY vs. TEMPERATURE 
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TABLE 10-1: RC OSCILLATOR FREQUENCIES 

Cext Rext 
Average 

Fosc @ SV, 25°C 

20 pF 3.3k 4.973 MHz ±27% 

5k 3.82 MHz ±21% 

10k 2.22MHz ±21% 

100k 262.15 kHz ±31% 

100pF 3.3k 1.63 MHz ±13% 

5k 1.19 MHz ±13% 

10k 684.64 kHz ±18% 

100k 71.56 kHz ±25% 

300 pF 3.3k 660.0 kHz ±10% 

5.k 484.1 kHz ±14% 

10k 267.63 kHz ±15% 

160k 29.44 kHz ±19% 

The frequencies are measured on DIP packages. 

The percentage variation indicated here is part to part variation due to normal process distribution. The variation indi
cated is ±3 standard deviation from average value for VDo = 5V. 
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FIGURE 10-2: TYPICAL RC OSCILLATOR 
FREQUENCY vs. Voo 
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FIGURE 10-3: TYPICAL RC OSCILLATOR 
FREQUENCY vs. Voo 
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FIGURE 1o-4: TYPICAL RC OSCILLATOR 
FREQUENCY vs. Voo 
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FIGURE 10-5: TYPICAL IPD vs. VDD 
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FIGURE 10-6: MAXIMUM IPD vs. Voo 
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FIGURE 10-7: TYPICAL IPD vs. Voo 
WATCHDOG ENABLED 25°C 
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FIGURE 10-8: MAXIMUM IPD vs. Voo 
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IPD, with WDT enabled, has two componen1s: 
The leakage current which increases with higher temperature 
and the operating current of the WDT logic which increases 
with lower temperature. At -40"C, the latter dominates 
explaining the apparently anomalous behavior. 
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FIGURE 10-9: VTH (INPUTTHRESHOLDVOLTAGE) OF 1/0 PINS vs. Voo 

~ 
~ 
:c 
> 

2.00 

1.80 

1.60 

1.40 

1.20 

1.00 

0.80 

0.60 
2.5 3.0 3.5 4.0 

Voo(Volts) 

4.5 5.0 5.5 6.0 

FIGURE 10-10: VIH, VIL OF MCLR, TOCKI AND OSC1 (IN RC MODE) vs. Voo 
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FIGURE 10-11: VTH (INPUTTHRESHOLDVOLTAGE) OF 1/0 PINS vs. Voo 
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FIGURE 10-12: TYPICAL loo vs. FREQUENCY (EXTERNAL CLOCK 25°C) 
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FIGURE 10-13: MAXIMUM loo vs. FREQUENCY (EXTERNAL CLOCK -40°C TO +85°C) 
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FIGURE 10-14: MAXIMUM loo vs. FREQUENCY (EXTERNAL CLOCK -55°C TO +125°C) 
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FIGURE 10-16: TRANSCONDUCTANCE (gm) 
OF HS OSCILLATOR vs. Voo 
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FIGURE 10-17: TRANSCONDUCTANCE (gm) 
OF LP OSCILLATOR vs. Voo 
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FIGURE 10-18: IOH vs. VOH, Voo = 3V 
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FIGURE 10-19: TRANSCONDUCTANCE (gm) 
OF XT OSCILLATOR vs. Voo 
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FIGURE 10-20: IOH vs. VOH, Voo = 5V 
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FIGURE 10-21: IOL vs. VOL, VDD = 3V 
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FIGURE 10-22: IOL vs. VOL, VDD = 5V 
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11.0 DEVELOPMENT SUPPORT 

11.1 Development Tools 

The PIC16/17 microcontrollers are supported with a full 
range of hardware and software development tools: 

• PICMASTER® Real-Time In-Circuit Emulator 

• PRO MATE'M Universal Programmer 

• PICSTART® Low-Cost Prototype Programmer 

• PICDEM-1 Low-Cost Demonstration Board 

• PICDEM-2 Low-Cost Demonstration Board 

• MPASM Assembler 

• MPSIM Software Simulator 

• C Compiler (MP-C) 

• Fuzzy logic development system 
(fuzzyTECH®-MP) 

11.2 PICMASTER: High Performance 
Universal In-Circuit Emulator 

The PICMASTER Universal In-Circuit Emulator is 
intended to provide the product development engineer 
with a complete microcontroller design tool set for all 
microcontrollers in the PIC16C5X, PIC16CXX and 
PIC17CXX families. A PICMASTER System configura
tion is shown in Figure 11-1. 

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 386 (and better) machines in the Microsoft 
Windows™ 3.x environment. Thus, allowing the opera
tor access to a wide range of supporting software and 
accessories. 

PIC16C5X 

The PICMASTER has been designed as a real-time 
emulation system with advanced features that are gen
erally 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 Universal Emulator 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 operating system allows the devel
oper to take full advantage of the many powerful fea
tures and functions of the PICMASTER system. 

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

PC-Host Emulation Control software takes full advan
tage of Dynamic Data Exchange (DOE), a feature of 
Windows 3.x. 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 be run simultaneously from the same PC mak
ing development of multi-microcontroller systems 
possible (e.g., a system containing a PIC16CXX pro
cessor and a PIC17CXX processor). 

The PICMASTER probes specifications are shown in 
Table 11-1. 

FIGURE 11-1: PICMASTER SYSTEM CONFIGURATION 
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n- ine 
Power Supply 

(Optional) 

Power Connector 

PC-Interface 

PICMASTER Emulator Pod 

< 90· 250 VAC 

Logic Probes 
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TABLE 11·1: PICMASTER PROBE SPECIFICATION 

PROBE 

PICMASTER Probe Devices Supported Maximum Operating 
Frequency Voltage 

PROBE-168 PIC16C71 10MHz 4.5V-5.5V 

PROBE-16C PIC16C84 10MHz 4.5V-5.5V 

PROBE-160 PIC16C54, PIC16C54A, PIC16CR54, PIC16C55, 20MHz 4.5V-5.5V 
PIC16C56, PIC16C57, PIC16CR57A, PIC16C58A, and 
PIC16CR58A 

PROBE-16E PIC16C64 10 MHz 4.5V- 5.5V 

PROBE-16F PIC16C65*, PIC16C73 and PIC16C74 10MHz 4.5V-5.5V 

PROBE-16G PIC16C61 10 MHz 4.5V • 5.5V 

PROBE~16H PIC16C620, PIC16C621 and PIC16C622 10MHz 4:5V • 5.5V 
PROBE-17A PIC17C42 16 MHz 4.5V-5.5V 

* PROBE-16F indirectly supports the PIC16C65. 
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11.3 PRO MATE: Universal Programmer 

The PRO MATE Universal Programmer is a full-fea· 
tured 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 bits in this 
mode. 

In PC-hosted mode, the PRO MATE connects to the PC 
via one of the COM (RS-232) ports. 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 
selection of Voo min, Voo max and VPP levels, load and 
store to and from disk files (Intel® hex fonnat) are some 
of the features of the software. Essential commands 
such as read, verify, program and blank check can be 
issued from the screen. Additionally, serial program
ming support is possible where each part is pro
grammed with a different serial number, sequential or 
random. 

The PRO MATE has a modular "programming socket 
module". Different socket modules are required for dif
ferent processor types and/or package types. 

PRO MATE supports all PIC16C5X, PIC16CXX and 
PIC17CXX processors. 

11.4 PICSTART Low-Cost Develooment 
~ 

The PICSTART programmer 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. PICSTART is not recommended for pro
duction programming. 

© 1995 Microchip Technology Inc. 
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11.5 PICDEM-1 Low-Cost PIC16/17 
Demonstration Board 

The PICDEM-1 is a simple board which demonstrates 
the capabilities of several of Microchip's microcontrol
lers. The microcontrollers supported are: PIC16C5X 
(PIC16C54 to PIC16C58A), PIC16C61, PIC16C62X, 
PIC16C71, PIC16C84 and PIC17C42. All necessary 
hardware and software is included to run basic demo 
programs. The users can program the sample micro
controllers provided with the PICDEM-1 board, on a 
PRO MATE or PICSTART-16B programmer, and 
easily test firmware. The user can also connect the 
PICDEM-1 board to the PICMASTER emulator and 
download the firmware to the emulator for testing. 
Additional prototype area is available for the user to 
build some additional hardware and connect it to the 
microcontroller socket(s). Some of the features include 
an RS-232 interface, a potentiometer for simulated 
analog input, push-button switches and eight LEDs 
connected to PORTB. 

11.6 PICDEM-2 Low-Cost PIC1 &CXX 
Demonstration Board 

The PICDEM-2 is a simple demonstration board that 
supports the PIC16C63, PIC16C64, PIC16C65, 
PIC16C73 and PIC16C74 microcontrollers. All the 
necessary hardware and software is included to 
run the basic demonstration programs. The user 
can program the sample microcontrollers provided 
with the PICDEM-2 board, on a PRO MATE pro
grammer or PICSTART-16C, and easily test finnware. 
The PICMASTER emulator may also be used with the 
PICDEM-2 board to test finnware. Additional prototype 
area has been provided to the user for adding addi
tional hardware and connecting it to the microcontroller 
socket(s). Some of the features include a RS-232 inter
face, push-button switches, a potentiometer for simu
lated analog input, a Serial EEPROM to demonstrate 
usage of the 12C bus and separate headers for connec
tion to an LCD module and a keypad. 
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11.7 Assemb!er(MPASM). 

The MPASM Cross Assembler is a PC-hosted symbolic 
assembler. It supports all microcontroller series includ
ing the PIC16C5X, PIC16CXX, and PIC17CXX fami
lies. 

MPASM offers full 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 Microchip 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 caj)ability 

• Produces all the files (Object, Listing, Symbol, 
and special) required for symbolic debug with 
Microchip's emulator systems. 

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

MPASM provides a full feature directive language rep
resented by four ba11ic classes of directives: 

• Data Directives are those that control the alloca
tion of memory and provide a way to refer ta data 
items symbolically, i.e., 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 condition
ally assembled code. 

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

11.8 Software Simulator (MPSIM) 

The MPSIM Software Simulator allows code develop-
ment in a PC host environment. It allows the user to 
simulate the PIC16/17 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 
perfonned in; single step, execute until break, or in a 
trace mode. MPSIM fully supports symbolic debugging 
using MP-C and MPASfy1. The Software Simulator 
offers the low cost flexibiiij to develop and debug code 
outside of the laborator)L environment making it an 
excellent multi-project soffivare development tool. 

11.9 C Compiler (MP-C) 

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 
P1CMASTER Universal Emulator memory display 
(emulator software versions 1.13 and later). 

The MP-C Code Development System is supplied 
directly by Byte Craft Limited of Wate~oo, Ontario, Can
ada. If you have any questions, please contact your 
regional Microchip FAE or Microchip technical support 

. personnel at (602) 786-7627. 

11.10 Fuzzy Logic Development System 
(fuZZJITECH-MP) 

fuzzy TECH-MP fuzzy logic development tool is· avail
able in two versions - a low cost introductory version, 
MP Explorer, for designers to gain a comprehensive 
working knowledge of fuzzy logic system design; and 
a full-featured version, fuzzyTECH-MP Edition, for 
implementing more complex systems. 

Both versions include Microchip's fuzzyLAB™ demon
stration board for hands-on experience with fuzzy logic 
systems implementation. 

11.11 Development Systems 

For convenience, the development tools are packaged 
into comprehensive systems as listed in Table 11-2. 

TABLE 11-2: DEVELOPMENT SYSTEM PACKAGES 

Item Name System Description 

1. PICMASTER System PICMASTER In-Circuit Emulator, PRO MATE Programmer, Assembler, Soft-
ware Simulator, Samples and your choice of Target Probe. 

2. PICSTART System PICSTART Low-Cost Prototype Programmer, Assembler, Software Simulator 
and Samples. 

3. PRO MATE System PRO MATE Universal Programmer, full featured stand-alone or PC-hosted pro-
grammar, Assembler, Simulator 
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12.0 PACKAGING INFORMATION 

For Package Dimensions, 
please refer to the Packaging section of the Data Book 
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12.1 Package Marking Information 

18·Lead PDIP 

MMMMMMMMMMMMXXX 
() MMMMMMMMXXXXXXX 

~AABB CDE 

18-Lead SOIC 

MMMMMMMMM 
MMMMMMMMM 

0 ~AABB CDE 

28-Lead SOIC 

MMMMMMMMMMMMMMMMMMXX 
xxxxxxxxxxxxxxxxxxxx 
O~ AABB CDE 

28-Lead PDIP (.300") 

Example 

PIC16C56-
() RCI/P456 

~ 9123 CBA 

Example 

PIC16C54-

XTI/S0218 

0 ~ 9118 CDK 

Example 

PIC16C57-XT/SO 

Q~ 9015 CBK 

Example 

xxxxxxxxxxxxxxxxx 
0 xxxxxxxxxxxxxxxxx 

PIC16C56-o RCI/P456 

0 ~ AABB CDE 0 ~ 9123 CBA 

20-Lead SSOP Example 

xxxxxxxx 
xxxxxxxx 

Lo_~AABB CDE 

Legend: MM ... M 
xx ... x 
AA 
BB 
c 
D1 
D2 
E 

PIC16C54 
XTI/218 

LQ~9051 CBP 

Microchip part number information 
Customer specific information* 
Year code (last 2 digits of calender 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 for microcontroller 
Mask revision number for EEPROM 
Assembly code of the plant or country of origin in which 
part was assembled. 

Note: In the event the full Microchip part number cannot 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 QTP devices, any special marking adders are included in QTP price. 
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28-Lead SSOP 

xxxxxxxxxxxx 
xxxxxxxxxxxx 

O~AABB CDE 

28-Lead PDIP (.600") 

MMMMMMMMMMMMXXX 

0 

0 MMMMMMMMXXXXXXX Q 
xxxxxxxxxxxxxxx 
~~~!,£.I)E 

18-Lead CERDIP Windowed 

D xxxxxxxx 
~ xxxxxxxx 

AABB CDE 

28 Lead, CERDIP Windowed 

0 
MMMMMMMMMM 
MMMMMM 

AABB CDE 

Legend: MM ... M 
xx ... x 
AA 
BB 
c 

PIC16C5X 

Example 

PIC1657-XT 

O~ 9225 CBK 

Example 

PIC16C55-
Q XTI/Pl26 

0 
~ 9042 CDA - .... 

Example 

~D 

Example 

-
0 

PIC16C57 

9038 CBA 

Microchip part number information 
Customer specific information* 

PIC16C54 

9101 CBA 

Year code (last 2 digits of calender year) 
Week code (week of January 1 is week '01 ') 

0 

Facility code of the plant at which wafer is manufactured. 
C = Chandler, Arizona, U.S.A. 
Mask revision number for microcontroller 
Mask revision number for EEPROM 
Assembly code of the plant or country of origin in which 
part was assembled. 

Note: In the event the full Microchip part number cannot 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 included in OTP price. 
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NOTES: 
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APPENDIX A: COMPATIBILITY 
To convert code written for PIC16CXX to PIC16C5X, 
the user should take the following steps: 

1. Check any CALL, GOTO or instructions that mod
ify the PC to determine if any program memory 
page select operations (PA2, PA 1, PAO bits) 
need to be made. 

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 special function register page 
switching. Redefine data variables to reallocate 
them. 

4. Verify all writes to STATUS, OPTION, and FSR 
registers since these have changed. 

5. Change reset vector to proper value for proces
sor used. 

6. Remove any use of the ADDLW and SUBLW 

instructions. 

7. Rewrite any code segments that use interrupts. 

© 1995 Microchip Technology Inc. 
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APPENDIX B: WHAT'S NEW 
The format of this data sheet has been changed to be 
consistent with other product families. This ensures 
that important topics are covered across all PIC16/17 
families. Here is an overview list of new features: 

• Data Sheet Structure I Outline 
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APPENDIX C: WHAT'S CHANGED 
To make software more portable across the different 
PIC16/17 families, the name of several registers and 
control bits have been changed. This is so that control 
bits that do the same function have the same name 
(regardless of processor family). Care must still be 
taken, since they may not be in the same special func
tion register. The following shows the register and bit 
names that have been changed: 

REGISTER NAME CHANGES 

I OLDNAME NEW NAME 

RTCC TMRO 

BIT NAME CHANGES 

OLD NAME NEW NAME 

RTS TOCS 

RTE TOSE 

PIN NAME CHANGES 

OLD NAME NEW NAME 

RTCC TOCKI 
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PIC17C43* 

PIC17C44 

Features 
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Note 1: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high 1/0 current capa

bility. 
2: The PIC17C4X devices can also operate in microprocessor and external microcontroller modes. 
3: PORTS has software-configurable weak pull-ups. 

);! )> 
tD "ti 
r- "ti 
m m 
9 z 
.... c 

>< 
.,, !=? 
0 "ti .... 

0 ..., 
0 ... 
>< e >< 
"T1 

... 
> 

...., 
5:: s::: 
r= 0 < 
0 ::0 
"T1 0 
c 0 
m 0 
< z 
0 -I m ::0 en 0 

r r 
m 
::0 
(/) 

,, -0 ..... 
en 
0 
CJ1 
>< 



0 
~ 
§ 
U1 

i 
~ 

@ 

~ 
;:: 
ff 

~ ;:r 
~ g. 
::J 
Q. 

~ 
~ 

~;;;.. 
~o 

Features 

(PICHlC61 20 I 1K I - I 36 I - ITMRO 1-1 - I - I - I - I - I 3 I 13 I 3.0-6.0 I - 118-pin DIP, 18-pin SOIC 

PIC16C62* 20 2K 128 - •TMRO, 
TMR1, TMR2 

21 SPl/12C I - I - I - I - I 10 I 22 I 2.5-6.0 I - 128-pin SDIP, 28-pin SOIC 

PIC16C63* 20 4K 

PIC16C64 20 2K 

PIC16C65 20 4K 

192 

128 

192 

- •TMRO, 
TMR1,TMR2 

2 ISPl/12C/• -
SCI 

- •TMRO, I 1 I SPVl2C I Yes 
TMR1,TMR2 

- •TMRO, 
TMR1,TMR2 

2 ISPl/12C/I Yes 
SCI 

PIC16C620*1 20 I 512 I - I 80 I - ITMRO 

PIC16C621*1 20 1K 80 

PIC16C622 I 20 2K 128 

PIC16C71 I 20 1K 36 

PIC16C73 I 20 4K 192 

PIC16C74 20 4K 192 

-•TMRO 

-•TMRO 

- •TMRO 

-•TMRO, 
TMR1, TMR2 

- •TMRO, 
TMR1, TMR2 

21spv12c1· -
SCI 

4 ch 

5ch 

21 SP1t1•ctl Yes I 8 ch 
SCI 

10 22 3.0-6.0 - •28-pin SDIP, 28-pin SOIC 

8 33 3.0-6.0 - •40-pin DIP, 44-pin PLCC, 44-pin QFP 

11 33 3.0-6.0 - •40-pin DIP, 44-pin PLCC, 44-pin QFP 

2 I Yes I 4 I 13 I 3.0-6.0 I Yes l18-pinDIP, 18-pinSOIC~20-pinSSOP 

2 Yes 4 13 3.0-6.0 I Yes I 18-pin DIP, 18-pin SOIC, 20-pin SSOP 

2 Yes 4 13 3.0-6.0 I Yes I 18-pin DIP, 18-pin SOIC, 20-pin SSOP 

4 13 3.0-6.0 - •18-pin DIP, 18-pinSOIC 

11 22 3.0-6.0 - •28-pin SDIP, 28-pin SOIC 

12 33 3.0-6.0 - •40-pin DIP, 44-pin PLCC, 44-pin QFP 

PIC16C84 10 I - I 1K I 36 I 64 ITMRO - • - • - • - • 4 I 13 I 2.0-6.0 I - 118-pin DIP, 18-pin SOIC 

Note 1: 
2: 

*Please contact your local sales office for availability of these devices. 
All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high 1/0 current capability. 
The PIC16CXX Timer1 has its own oscillator circuit and can operate asynchronously to the device. Timer1 can increment while the device is in SLEEP mode. 
This allows a Real Time Clock to be implemented. 

3: PORTB has software-configurable weak pull-ups. 
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PIC16C54 20 512 - 25 TMRO 12 2.5-6.25 33 18-pin DIP, 18-pin SOIC, 20 pin SSOP 

PIC16C54A 20 512 - 25 TMRO 12 2.5-6.25 33 18-pin DIP, 18-pin SOIC, 20 pin SSOP 

PIC16CR54 20 - 512 25 TMRO 12 2.0-6.25 33 18-pin DIP, 18-pin SOIC, 20 pin SSOP 

PIC16C55 20 512 - 25 TMRO 20 2.5-6.25 33 28-pin DIP, 28-pin SOIC, 28 pin SSOP 

PIC16C56 20 1K - 25 TMRO 12 2.5-6.25 33 18-pin DIP, 18-pin SOIC, 20-pin SSOP 

PIC16C57 20 2K - 72 TMRO 20 2.5-6.25 33 28-pin DIP, 28-pin SOIC, 28 pin SSOP 

PIC16CR57A 20 - 2K 72 TMRO 20 2.0-6.25 33 28-pin DIP, 28-pin SOIC, 28 pin SSOP 

PIC16C58A 20 2K - 73 TMRO 12 2.5-6.25 33 18-pin DIP, 18-pin SOIC, 20 pin SSOP 

PIC16CR58A 20 - 2K 73 TMRO 12 2.0-6.25 33 18-pin DIP, 18-pin SOIC, 20 pin SSOP 

Note: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high 1/0 current 
capability. 
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PIC16C5X 

D.1 Pin Compatibility 

Devices that have the same package type; and VDD, 
Vss, and MCLR pin locations, are said to be pin com
patible. This allows these different devices to operate in 
the same socket. Compatible devices may only 
requires minor software modification to allow proper 
operation in the application socket (ex., PIC16C56 and 
PIC16C61 devices). Not all devices in the same pack
age size are pin compatible; for example, the 
PIC16C62 is compatible with the PIC 16C63, but not the 
PIC16C55. 

Pin compatibility does not mean that the devices offer 
the same features. As an example, the PIC16C54 is 
pin compatible with the PIC16C71, but does not have 
an AID converter, weak pull-ups on PORTS, or inter
rupts. 

TABLE D-4: PIN COMPATIBILE DEVICES 

Pin Compatible Devices 

PIC16C61, 
PIC16C620, PIC16C621, PIC16C622, 
PIC16C71, PIC16C84, 
PIC16C54, PIC16C54A, PIC16CR54, 
PIC16C56, PIC16C58A, PIC16CR58A 

PIC16C62, PIC16C63, PIC16C73 

PIC16C55, PIC16C57, PIC16CR57A 

PIC17C42, PIC17C43, PIC17C44 

PIC16C64, PIC16C65, PIC16C74 
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Package 

18 pin 

28pin 

28pin 

40 pin 

40pin 
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CONNECTING TO MICROCHIP BBS 

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 member
ship services, therefore you do not need CompuServe 
membership to join Microchip's BBS. 

There is no charge for connecting to the BBS, except 
toll charge to CompuServe access number, where 
applicable. You do not need to be a CompuServe 
member to take advantage of this connection (you 
never actually log in to CompuServe). 

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 
service allows multiple users at baud rates up to 14400 
bps. 

The following connect procedure applies in most loca
tions: 

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

2. Dial your local CompuServe access number. 

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

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

5. Type MCHIPBBS, depress < ENTER.J > and 
you will be connected 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 9600-14400 baud connection. After the system 
responds with Host Name:, type 

NETWORK, depress < ENTER.J > 
and follow CompuServe's directions. 

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

It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip prod
uct. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our documentation 
can better serve you, please FAX your comments to the Technical Publications Manager at (602) 786-7578. 

Please list the following information, and use this outline to provide us with your comments about this Data Sheet. 

To: Technical Publications Manager Total Pages Sent __ _ 

RE: Reader Response 

From: Name --------------------

Company --------------------------------
Address 

City I State I ZIP I Country------------------------

Telephone: L_) ___ _ FAX: ( __ ) __ _ 

Application (optional): 

Would you like a reply? __ Y __ N 

Device: PIC16C5X Literature Number: DS30015L 

Questions: 

1. What are the best features of this document? 

2. How does this document meet your hardware and software development needs? 

3. Do you find the organization of this data sheet easy to follow? If not, why? 

4. What additions to the data sheet do you think would enhance the structure and subject? 

5. What deletions from the data sheet could be made without affecting the overall usefullness? 

6. Is there any incorrect or misleading information (what and where)? 

7. How would you improve this document? 

8. How would you improve our software, systems, and silicon products? 
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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. ~ ~~ xxx y Pattern: 3-Digit Pattern Code for OTP (blank otheiwise) 

Package: p = PDIP 
so = SOIC (Gull Wing, 300 mil body) Examples: 
SP = PDIP (28l, 300 mil body) a) PIC16C54 • XT/PXXX = 
SS = SSOP (209 mill body) 'XT" oscillator, commercial 
Jw· = Windowed CERDIP temp., PDIP, QTP pattern 
s = Die in Waffle Pack b) PIC16C55 - XTl/SO = 

J Temperature O'C to + 70'C g for tape/reel) 
"XT" oscillator, industrial 

= temp., SOIC (OTP device) I Range: I = -40'C to +85 • (S for tape/reel) 
c) PIC16C55 -JW = E = -40'C to +125'C 

Commercial temp. CERDIP 

J Oscillator RC, HS with WINDOW 
I Type: XT, LP d) PIC16C57 - RCl/S = 

"RC oscillator", industrial J Device: PIC16C54 temp., dice in waffle pack 
PIC16C55 

l PIC16C56 
PIC16C57 

Note: • 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 detennine if an errata sheet exists for a particular device, please cont?ct 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 (CompuServe membership NOT required). 
Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using. 

For latest version infonnation and upgrade kits for Microchip Development Tools, please call 1-800-755-2345or1-602-786-7302. 
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MICROCHIP ENHANCED PIC16C5X 
EPROM/ROM-Based 8-Bit CMOS Microcontroller Series 

Devices Included in this Data Sheet 

• PIC16C54A 

• PIC16C58A 

• PIC16CR58A 

• PIC16CR57A 

High-Performance RISC-like CPU 

• Only 33 single word instructions to learn 

• All instructions are single cycle (200 ns) except for 
program branches which are two-cycle 

• Operating speed: DC - 20 MHz clock input 
DC - 200 ns instruction cycle 

Device Pins 110 
EPROM/ 

RAM 
ROM 

PIC16C54A 18 12 512 25 

PIC16C58A 18 12 2K 73 

PIC16CR58A 18 12 2K 73 

PIC16CR57A 28 20 2K 72 

• 12-bit wide instructions 

• 8-bit wide data path 

• Seven or eight special function hardware registers 

• Two-level deep hardware stack 

• Direct, indirect and relative addressing modes for 
data and instructions 

Peripheral Features 

• 8-bit real time clock/counter (TMRO) with 8-bit pro-
grammable prescaler 

• Power-On Reset (POR) 

• Device Reset Timer 

• Watchdog Timer (WOT) with its own on-chip RC 
oscillator for reliable operation 

• Programmable code-protection 

• Power saving SLEEP mode 

• EPROM/ROM selectable oscillator options: 

- RC: Low-cost RC oscillator 

- XT: 
HS: 

Standard crystal/resonator 

High-speed crystal/resonator 

LP: Power saving, low frequency crystal 

© 1995 Microchip Technology Inc. 

Package Types 

I PDIP, SOIC, Windowed CERDIP 

AA2 .....-- •1 

AA3 ....._...... 2 

TOC:KI~ 3 

reCTiJVpp _. 4 

PDIP, SOIC, CERDIP 

CMOS Technology 

"ti 
0 ... 
en 
0 
:D 
(11 

""" )> 

..__......RAO 

- OSCt/CLKlN 

______. OSC2/CLKOUT 

-voo 

-----+- OSC2/CLKOUT 

25 ,.__... RC7 

24 ,._._.... RC6 

...,._..RCS 

21 ~AC3 

20 ~RC2 

19 ....-... RC1 

18 ..,...__... RCO 

17 .._....,. RB7 

16 ...,_.. RB6 

15 ..--....- RBS 

• Low-power, high-speed CMOS EPROMIROM tech
nology 

• Fully static design 

• Wide-operating voltage range: 

- EPROM Commercial/Industrial 2.5V to 6.25V 

- ROM Commercial/Industrial: 2.0V to 6.25V 

• Low-power consumption 

< 2 mA typical @ 5V, 4 MHz 

- 15 µA typical @ 3V, 32 kHz 

- < 0.3 µA typical standby current (with WOT 
disabled) @ 3V, 0°c to 70°C 
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Package Types 

RA2-
RA3-
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1.0 GENERAL DESCRIPTION 
The Enhanced PIC16C5X from Microchip Technology 
is a family of low-cost, high-performance, 8-bit, fully 
static, EPROM-based CMOS microcontrollers. This 
family is pin and software compatible with the 
PIC16C5X family of devices in a new enhanced pro
cess technology. It employs a RISC-like architecture 
with only 33 single word/single cycle instructions. All 
instructions are single cycle (200 ns) except for pro
gram branches which take two cycles. The Enhanced 
PIG 16C5X delivers performance an order of magnitude 
higher than its competitors in the same price category. 
The 12-bit wide instructions are highly symmetrical 
resulting in a 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 Enhanced PIC16C5X products are equipped with 
special features that reduce system cost and power 
requirements. The Power-On Reset (POR) and Device 
Reset Timer eliminate the need for external reset cir
cuitry. There are four oscillator configurations to choose 
from, including the power-saving LP (Low Power) oscil
lator and cost-saving RC oscillator. Power saving 
SLEEP mode, watchdog timer and code protection fea
tures improve system cost, power and reliability. 

The UV-erasable CERDIP packaged versions are ideal 
for code development, while the cost-effective One
Time-Programmable (OTP) versions are 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's flexi
bility. 

The PIC16C5X products are supported by a lull-fea
tured macro assembler, a software simulator, an in-cir
cuit emulator, a 'C' compiler, fuzzy logic support tools, 
a low-cost development programmer, and a full fea
tured programmer. All the tools are supported by IBM!' 
PC and compatible machines. 

© 1995 Microchip Technology Inc. 
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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, 
pointing devices and telecom processors. The EPROM 
technology makes customizing application programs 
(transmitter codes, motor speeds, receiver frequen
cies, etc.) extremely fast and convenient. The small 
footprint packages, for through hole or surface mount
ing, make this microcontroller series perfect for applica
tions with space limitations. Low-cost, low-power, high 
performance, 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). 
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TABLE 1·1: ENHANCED PIC16C5X FAMILY OF DEVICES 

PIC16C54 

PIC~6()$,4~ F 
PIC16CR54 20 512 25 TMRO 12 2.0-6.25 33 18-pin DIP, 18-pin SOIC, 20 pin SSOP 

PIC16C55 20 512 25 TMRO 20 2.5-6.25 33 28-pin DIP, 28-pin SOIC, 28 pin SSOP 

PIC16C56 20 1K 25 TMRO 12 2.5-6.25 33 18-pin DIP, 18-pin SOIC, 20-pin SSOP 

PIC16C57 20 2K 72 TMRO 20 2.5-6.25 33 28-pin DIP, 28-pin SOIC, 28 pin SSOP 

PJC)6CR57ft-, 20. 2K 72 · JMRO;' .. .20: 

PIC16C58A;'. 73 TMRO<.: 12 2.$-6;25 33·:18'pinDIP,18~pinSOIC,2~pin'.SSOp 

PIC16CR58A :2K 73; 

Note: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high 1/0 current 
capability. 
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2.0 PIC16C5X 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 in this section. When placing 
orders, please use the "PIC16C5X Product Identifica
tion 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 a CERDIP pack
age is optimal for prototype development and pilot pro
grams 

The UV erasable version can be erased and repro
grammed to any of the oscillator modes. Microchip's 
PICSTART'M and PRO MATE™ programmers both sup
port programming of the PIC16C5X. 

2.2 One-Time-Programmable (OTP) 
Devices 

The availability of OTP devices is especially useful for 
customers expecting frequent code changes and 
updates. 

The OTP devices, packaged in plastic packages permit 
the user to program them once. In addition to the pro
gram memory, the configuration fuses must be pro
grammed. 

© 1995 Microchip Technology Inc. 

Enhanced PIC16C5X 

2.3 Quick-Turnaround-Production (QTP) 
Devices 

Microchip offers a QTP Programming Service for fac
tory production orders. This service is made available 
for users who choose 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 pro
grammed by the factory. Certain code and prototype 
verification procedures 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 
programmed 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. 

2.5 Read Only Memory (ROM) Devices 

Microchip offers masked ROM versions of several of 
the highest volume parts, giving the customer a low 
cost option for high volume, mature products. 
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NOTES: 
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3.0 ARCHITECTURAL OVERVIEW 
The high performance of the PIC16C5X family can be 
attributed to a number of architectural features com
monly found in RISC microprocessors. To begin with, 
the PIC16C5X uses a Harvard architecture in which 
program and data are accessed on separate buses. 
This improves bandwidth over traditional von Neumann 
architecture where program and data are fetched on 
the same bus. Separating program and data memory 
further allows instructions to be sized differently than 
the 8-bit wide data word. Instruction opcodes are 
12-bits wide making it possible to have all single word 
instructions. A 12-bit wide program memory access 
bus fetches a 12-bit instruction in a single cycle. A 
two-stage pipeline overlaps fetch and execution of 
instructions. Consequently, all instructions (33) execute 
in a single cycle (200 ns @ 20 MHz) except for program 
branches. 

The PIC16C58A/CR58A and PIC16CR57A address 
2K x 12 program memory, while the PIC16C54A 
addresses 512 x 12 of program memory. All program 
memory is internal. 

The PIC16C5X can directly or indirectly address its reg
ister files and data memory. All special function regis
ters including the program counter are mapped in the 
data memory. The PIC16C5X has a highly orthogonal 
(symmetrical) instruction set that 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 
PIC16C5X simple yet efficient. In addition, the learning 
curve is reduced significantly. 
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PIC16C5X devices contain an 8-bit ALU and working 
register. The ALU is a general purpose arithmetic unit. 
It performs arithmetic and Boolean functions between 
data in the working register and any register file. 

The ALU is 8-bits wide and capable of addition, sub
traction, shift and logical operations. Unless otherwise 
mentioned, arithmetic operations are two's comple
ment in nature. In two-operand instructions, typically 
one operand the W (working) register. The other oper
and is either 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 and digit borrow out bit, respec
tively, in subtraction. See the SUBWF and ADDWF 

instructions for examples. 

A simplified block diagram is shown in Figure 3-1, with 
the corresponding device pins described in Table 3-1, 
and Table 3-2. 

DS30236A-page 2-101 

• 



Enhanced PIC16C5X 

FIGURE 3"1: PIC16C5X SERIES BLOCK DIAGRAM 
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TABLE 3-1: PIC16C54A/C58A/CR58A PIN OUT DESCRIPTION 

Name 
DIP,SOIC SSOP VOiP Buffer 

Description 
No. No. Type Type 

RAO 17 19 1/0 TTL Bi-directional 1/0 port 
RA1 18 20 1/0 TTL 
RA2 1 1 1/0 TTL 
RA3 2 2 1/0 TTL 

RBO 6 7 1/0 TTL Bi-directional 1/0 port 
RB1 7 8 110 TTL 
RB2 8 9 1/0 TTL 
RB3 9 10 1/0 TTL 
RB4 10 11 1/0 TTL 
RBS 11 12 1/0 TTL 
RB6 12 13 1/0 TTL 
RB7 13 14 110 TTL 

TOCKI 3 3 I ST Clock input to TM RO timer. Must be tied to Vss or Voo. if not 
in use, to reduce current consumption. 

MCrn/Vpp 4 4 I ST Master clear (reset) input/programming voltage input. This 
pin is an active low reset to the device. Voltage on the 
MCLR/VPP pin must not exceed Voo to avoid unintended 
entering of test modes. 

OSC1/CLKIN 16 18 I ST Oscillator crystal input/external clock source input. 

OSC2/CLKOUT 15 17 0 - Oscillator crystal output. Connects to crystal or resonator 
in crystal oscillator mode. In RC mode, OSC2 pin outputs 
CLKOUT which has 1/4 the frequency of OSC1, and 
denotes the instruction cycle rate. 

Voo 14 15,16 p - Positive supply for logic and 1/0 pins. 

Vss 5 5,6 p - Ground reference for logic and 1/0 pins. 

Legend: I = Input only; O = Output only; 1/0 = Input/Output; P = Power; - = Not Used; TTL= TTL input; 
ST= Schmitt Trigger input. 
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TABLE 3-2: PIC16CR57A PINOUT DESCRIPTION 

Name 
DIP,SOIC SSOP 110/P Buffer 

Description 
No. No. Type Type 

RAO 6 s 1/0 TTL Bi-directional 1/0 port 
RA1 7 6 1/0 TTL 
RA2 8 7 1/0 TTL 
RA3 9 8 1/0 TTL 

RBO 10 9 110 TTL Bi-directional 1/0 port 
RB1 11 10 1/0 TTL 
RB2 12 11 1/0 TTL 
RB3 13 12 1/0 TTL 
RB4 14 13 1/0 TTL 
RBS 1S 1S 1/0 TTL 
RB6 16 16 1/0 TTL 
RB? 17 17 1/0 TTL 

RCO 18 18 1/0 TTL Bi-directional 110 port 
RC1 19 19 1/0 TTL 
RC2 20 20 1/0 TTL 
RC3 21 21 110 TTL 
RC4 22 22 1/0 TTL 
RCS 23 23 1/0 TTL 
RC6 24 24 1/0 TTL 
RC? 2S 2S 110 TTL 

TOCKI 1 2 I ST Clock input to TMRO register. Must be tied to Vss or Voo if 
not in use to reduce current consumption. 

MCLR 28 28 I ST Master clear (reset) input. This pin is an active low reset to 
the device. Voltage on the MCLR pin must not exceed Voo 
to avoid unintended entering of test modes. 

OSC1/CLKIN 27 27 I ST Oscillator crystal input/ex1ernal clock source input. 

OSC2/CLKOUT 26 26 0 - Oscillator crystal output. Connects to crystal or resonator 
in crystal oscillator mode. In RC mode, OSC2 pin outputs 
CLKOUT which has 1/4 the frequency of OSC1, and 
denotes the instruction cycle rate. 

VDD 2 3,4 p - Positive supply for logic and 110 pins. 

Vss 4 1, 14 p - Ground reference for logic and 1/0 pins. 

N/C 3,S - - - Unused, do not connect 

Legend: I = Input only; 0 =Output only; 1/0 = Input/Output; P = Power; - = Not Used; TTL= TTL input; 
ST= Schmitt Trigger input. 
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3.1 Clocking Scheme/Instruction Cycle 

The clock input (from the OSC1/CLKIN pin) is internally 
divided by four to generate four non-overlapping 
quadrature clocks namely 01, 02, 03 and 04. Inter
nally, the program counter is incremented every 01, 
and the 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 3-2 and Example 3-1. 

FIGURE 3-2: CLOCK/INSTRUCTION CYCLE 

Enhanced PIC16C5X 

3.2 Instruction Flow/Pipelining 

An "Instruction Cycle" consists of four 0 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" in cycle 01. This instruc
tion is then decoded and executed during the 02, 03, 
and 04 cycles. Data memory is read during 02 (oper
and read) and written during 04 (destination write). 

I 01 I 02 I 03 I 04 I 01 I 02 I 03 I 04 I 01 I 02 I 03 I 04 I 

OSC1 

PC+l 

Execute INST PC-1) Fetch INST (PC+1) 
Execute IN ST PC 

EXAMPLE 3-1: INSTRUCTION PIPELINE FLOW 

1. MOVLW 
2. MOVWF 
3. CALL 
4. BSF 

55h 
PORTE 
SUB_l 
PORTA, BIT3 

Execute 1 
Fetch 2 Execute 2 

Fetch 3 

PC+2 

I 

Fetch INST PC+2 
ecute +1 

Execute 3 
Fetch 4 

I 

(
Internal 
phase 
clock 

All instructions are single cycle, except for any program branches. These take two cycles since the fetch 
instruction is "flushed" from the pipeline while the new instruction is being fetched and then executed. 
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NOTES: 
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4.0 MEMORY ORGANIZATION 

4.1 Program Memory Organization 

Up to 512 words of 12-bit wide on-chip program mem
ory (EPROM/ROM) can be directly addressed. Larger 
program memories can be addressed by selecting one 
of up to four available pages of 512 words each 
(Figure 4-1). Sequencing of instructions is controlled 
via the Program Counter (PC) which automatically 
increments to execute in-line programs. Program con
trol operations supporting direct, indirect, and relative 
addressing modes, can be performed by bit test, skip, 
call, and jump type 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. 

4.2 Data Memory Organization 

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-bit wide Arithmetic Logic Unit (ALU). 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). Data can 
be addressed directly, or indirectly using the File Select 
Register (FSR). Immediate data addressing is sup
ported by special "literal" instructions which load data 
from program memory into the W register. 

© 1995 Microchip Technology Inc. 
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The register file is divided into two functional groups: 
Special Function registers and General Purpose regis
ters. The special function registers include the TimerO 
(TMRO) register, the Program Counter (PC), the Status 
Register, the 1/0 registers (ports), and the File Select 
Register (FSR). The general purpose registers are 
used for data and control information under command 
of the instructions. 

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

4.2.1 GENERAL PURPOSE REGISTER FILE 

The register file is accessed either directly or indirectly 
through the file select register FSR (Section 4.5). 

4.2.2 SPECIAL FUNCTION REGISTERS: 

The Special Function Registers are registers used by 
the CPU and peripheral functions to control the opera
tion of the device (Table 4-1). 

The special registers can be classified into two sets. 
The special registers associated with the "core" func
tions are described in this section. Those related to the 
operation of the peripheral features are described in the 
section for each peripheral feature. 
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FIGURE 4-1: PROGRAM MEMORY ORGANIZATION 
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FIGURE 4-2: DATA MEMORY MAP 
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TABLE 4-1: PIC16C5X REGISTER FILE SUMMARY 

I l Bits I Value on Value on 
Address Name Bit7 Bit6 Bit4 Bit3 Bit2 Bit 1 Bi!O Power-On 1lilCCR and 

Reset WDTresets 

Ooh INDF Uses contents of FSR to address data memory (not a physical register) ---- ---- ---- ----
01h TMRO 8-bit real-time clock/counter xxxx xxxx uuuu uuuu 

02h PCL Low order 8 bits of PC 1111 1111 1111 1111 

03h STATUS l•••••J?,igJI PA1 I PAO I iO PD z DC c 0001 lxxx 000? ?uuu 

04h FSR lndrect data memory address pointer O xxxx xxxx uuuu uuuu 

OSh PORTA RA3 RA2 RA1 RAO --- xxxx uuuu 

06h PORTS RB? I RBS I RBS 1 RB4 RB3 RB2 RB1 ABO xxxx xxxx uuuu uuuu 

O?h PORTC 2 RC? I RCS I RCS RC4 RC3 RC2 RC1 RCO xxxx xxxx uuuu uuuu 

Legend: x = unknown, u = unchanged. - = unimplemented, read as 'O'. 
Note 1: The upper byte of the program counter is not directly accessible. The upper bits can be set or cleared by writing to 

PA 1 :PAO (STATUS<6:5>). 
2: File address 7h is a general purpose register on the PIC16C54A and PIC16C58A/CR5BA. 
3: Shading indicates unimplemented bits. 
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4.3 STATUS Register 

This register contains the arithmetic status of the ALU, 
the RESET status, and the page preselect bits for pro
gram memories larger than 512 words. 

As with any other register, the STATUS register can be 
the destination for any instruction. However, the 
STATUS bits are set after the following write. 
Furthermore, the TO and l5lJ bits are not writable. 
Therefore, the result of an instruction with the STATUS 
register as destination may be different than intended. 

FIGURE 4-3: STATUS REGISTER 

R/W R/W R/W R R R/W R/W R/W 

[ PA2 I PA1 

T bit7 bi to 
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For example, CLRF STATUS will clear all bits, except 
for TO and l5TI, and then set the Z bit which leaves the 
STATUS register as OOOu ulOO (where u = 
unchanged). 

Therefore, only BCF, BSF and MOVWF instructions 
should be used to alter the STATUS registers because 
these instructions do not affect any STATUS bit. 

For the instructions that affect STATUS bits, see the 
"Instruction Set Summary" (Table 8-2). 

Register: STATUS W: 
Address: 03h R: 
POR value: 0001 lxxx U: 
TO, PU are uniquely seVcleared 

Writable 
Readable 
Unimplemented, 
read as 'O' 

C: Carry/6000W bit 
For ADDWF 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. 

o = No carry-out from the most significant bit of the result 
Note: For borrow the polarity is reversed. 

--- DC: Digit carry/bOrrow bit 

© 1g95 Microchip Technology Inc. 

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 logic operation is not zero 

"PD: Power down bit 
1 = After power-up or by a CLRWDT instruction 
O = By execution of the SLEEP instruction 

TO: Time-out bit 
1 = After power-up and by the CLRWDT and SLEEP instruction 
O = A watchdog timer time-out has occurred 

PA1:PAO: Program Page Pre-select bits 
(PIC16CR57A and PIC16C58A/CR58A only) 

00 = Page O (000 - 1 FF) 
01 = Page 1 (200 - 3FF) 
1 O = Page 2 (400 - 5FF) 
11 = Page 3 (600 - 7FF) 

Each page is 512 words. 

Using the PA1 :PAO bits as general purpose read/write bits in the 
PIC16C54A is not reoommended, since this may affect upward compatibility 
with future products. 

PA2: This bit is unimplemented at this time 
Use of the PA2 bit as a general purpose read/write bit is not recommended, 
since this may affect upward compatibility with future products. 
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4.4 OPTION Register 

The OPTION register is a 6-bit wide, write only register 
which contains various control bits to configure the 
TMRO/WDT prescaler, the external INT interrupt, and 
TMRO. 

By executing th.e OPTION instruction, the contents of 
the W register will be transferred to the OPTION regis
ter. A RESET sets the OPTION register to all '1's. 

FIGURE 4-4: OPTION REGISTER 

u u w w w w w w 

[ -I -I 
bit? bitO 

L:so 
Register: OPTION 

Address: NIA 
POR value: FFh 

PRESCALER VALUE 
PS2 PS1 PSO 

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

1 0 
1 

PSA: Prescaler assignment bit 
1 = Prescaler assigned to the WOT 
o = Prescaler assigned to TMRO 

TOSE: TMRO source edge select bit 

W: 
U: 

Write only 

Unimplemented, 
read as 'O' 

TMRORATE WDTRATE 

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

1 = Increment on high-to-low transition on the TOCKI pin 
O = Increment on low-to-high transition on the TOCKI pin 

TOCS: TM RO clock source select bit 

1 = Transition on the TOCK! pin 
O = Internal instruction cycle clock (CLKOUT) 

Unimplemented: Read as 'O' 
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4.5 Indirect Data Addressing. INDF and 
FSR Registers 

The INDF register is not a physical register and is used 
in conjunction with the FS R register to perform indirect 
addressing. 

Indirect addressing is possible by using the INDF regis
ter. Any instruction using the INDF register actually 
accesses data pointed to by the File Select Register 
(FSR). Reading INDF itself (i.e. FSR = 0) indirectly will 
produce OOh. Writing to the INDF register indirectly 
results in a no-operation (although STATUS bits may be 
affected). 

A simple program to clear RAM location 20h-2Fh using 
indirect addressing is shown in Example 4-1. 

EXAMPLE 4-1: INDIRECT ADDRESSING 
movlw OxlO Initialize pointer 

movwf FSR to RAM 

Next clrf INDF Clear loc 
in cf FSR increment pntr 

btfsc FSR,4 All done? 

goto Next No, clear next 

Location 

FIGURE 4-5: DIRECT/INDIRECT ADDRESSING 
Direct Addressing 

Data 
Memory 

Enhanced PIC16C5X 

4.5.1 FILE SELECT REGISTER (FSR) 

The FSR is either a 5-bit (PIC16C54A) or 7-bit 
(PIC16C57A/C58A/CR58A) wide register. It is used in 
conjunction with the INDF register to indirectly address 
the data memory area. The FSR<4:0> bits are the 
pointer for data memory addresses OOh to 1 Fh. 
FSR<4> toggles between the 16 lower (OOh-OFh) and 
16 upper (10h-1Fh) register files. When clear, FSR<4> 
points to the lower 16 register files and, when set, 
points to the upper 16 files. FSR<3:0> provide the 
value to address the specific register file within each 16 
file area. 

When not performing indirect addressing, the FSR can 
be used as a 5-bit (FSR<4:0>) wide general purpose 
register. However, this is not recommended to help 
ensure future upward code compatibility. 

PIC16C54A: Does not use banking. FSR<7:5> are 
unimplemented and read as '1 's. 

PIC16C57A/C58A/CR58A: FSR<6:5> are the bank 
select bits and are used to select the bank to be 
addressed (00 = bank 0, 01 = bank 1, 1 O = bank 2, 
11 = bank 3). The lower 16 register files for banks 1, 2 
and 3 are mapped to bank 0, and are not accessible. In 
other words, the FSR<6:5> bits are ignored if FSR<4> 
is clear(= 0). FSR<7> is unimplemented and is always 
read as '1'. 

Indirect Addressing 

6 FSR 0 

1F 3F SF 7F 

Bank 0 Bank 1 Bank 2 Bank 3 

Note 1: For register memory map detail Figure 4-2. 
2: RP1 and RPO are FSR<6> and FSR<5>, respectively. 
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4.6 Program Counter 

The program counter generates the addresses for up to 
2048 x 12 on-chip EPROM/ROM cells containing the 
program instruction words (Figure 4-1). 

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

TABLE 4-2: PROGRAM COUNTER STACK 
WIDTH 

Part# PC width Stack width 

PIC16C54A 9-bit 9-bit 

PIC16CR57A 11-bit 11-bit 

PIC16C58A/CR58A 11-bit 11-bit 

The program counter issettoall '1's upon RESET. Dur
ing 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>). In 
the case where the program memory is greater 
than 512 bytes, the upper two bits of PC 
(PC<10:9>) are loaded with page select bits 
PA1:PAO (STATUS<6:5>). Thus, GOTO allows 
jumps 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 cases where the program 
memory is greater than 512 bytes, the upper 
2-bits of PC (PC<10:9>) are loaded with page 
select bits PA1 :PAO (STATUS<6:5>). 

c) RETLW instructions load the PC with the Top of 
Stack (TOS) 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 lower 8-bits of program counter. The ninth bit 
of PC will be cleared. In case where the pro
gram memory is greater than 512 bytes, 
PC<10:9> will be loaded with Page Select bits 
PA1, PAO (STATUS<6:5>). 

It should be noted that because bit8 (ninth bit) of the PC 
is cleared in the 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 loca
tions of any program memory page (512 words long). 

Incrementing the PC 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 preselect bits in the 
STATUS register will not be changed, and the next 
GOTO, CALL, ADDWF PC, or MOVWF PC instruction will 
return to the previous page, unless the page preselect 
bits have been updated under program control. For 
example, an NOP at location 1 FFh (page 0) increments 
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the PC to 200h (page 1). A GOTO xxx at 200h will 
return the program to address "xxx" on page 0 
(assuming that PA 1 and PAO are clear). 

Upon RESET, page 0 is pre-selected while the .PC 
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. 

4.7 W (Working) Register 

The W register holds the second operand in two oper
and instructions and/or supports the internal data trans
fer. 

TABLE 4-3: 

Event 

Power-up 

WDTTimeout 

EVENTS AFFECTING TO/PD 
STATUS BITS 

TO PD Remarks 

1 1 

0 x No effect on PD 

SLEEP instruction 1 0 

CLRWDT instruction 1 1 

A WOT timeout will occur regardless of the status of the 
TO bit. A SLEEP instruction will be executed, regard
less of the status of the PD bit. Table 4-4 reflects the 
status of TO and PD after the corresponding event. 

4.7.1 TIME-OUT AND POWER-DOWN STATUS 
BITS (TO, PD) 

The TO and l5n (STATUS<4:3>) can be tested to deter
mine 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 1imer or Mcrn 
NPPpin. 

These STATUS bits are only affected by events listed in 
Table 4-3. 

TABLE 4-4: 

TO PD 

0 0 

0 1 

1 0 

1 1 

u u 

TO/PD STATUS AFTER 
RESET 

RESET was caused by 

WOT wake-up from SLEEP 

WOT time-out (not during SLEEP) 

MCLR wake-up from SLEEP 

Power-up 

= Low pulse on MCLR input 

The TO and l5n bits maintain their status (u) until an 
event of Table 4-3 occurs. A low-pulse on the MCLR 
input does not change the TO and PD status bits. 
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5.0 1/0 PORTS 
As with any other register the 1/0 registers can be writ
ten and read under program control. However, read 
instructions (e.g. MOVF PORTE, w) always read the 1/0 
pins independent of the pin's input/output mode. On a 
RESET, all 1/0 ports are defined as input (outputs are 
at hi-impedance) as the 1/0 control registers (TRISA, 
TRISB, TRISC) are all set. 

5.1 

PORTA is a 4-bit 1/0 register. On!y the low order 4-bits 
are used (RA3:RAO). Bits 7:4 are unimplemented and 
read as 'O's. 

5.2 PORTB 

PORTB is an 8-bit 1/0 register (PORTB<7:0>). 

5.3 PORTC 

PIC16CR57A: 8-bit 1/0 register. 

PIC16C54A/C58A/CR58A: General purpose register. 

5.4 TRIS Registers 

The output driver control registers are loaded with the 
content of the W register by executing the TRIS f 
instruction. A '1' in any TRIS register bit puts the corre
sponding output driver in a hi-impedance mode. A 'O' 
puts the contents of the output data latch on the 
selected pins. 

Enhanced PIC16C5X 

Note: A read of the ports reads~he pins, notthe 
output data latches, l.e;, if an output driver 
on a pin is enabl~ and driven high, but the 
extel'.flal 11ystem is holding it low; a read of 
the. port will indicate that the pin is low; 

The TRIS registers are "write-only" and are set to all '1 's 
(output drivers disabled) upon RESET. 

5.5 VO Interfacing 

The equivalent circuit for an 1/0 port pin 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 PORTE, w). The outputs 
are latched and remain unchanged until the output 
latch is rewritten. To use a port pin as output, the corre
sponding direction control bit (in TRISA, TRISB, 
TRISC) must be cleared(= 'O'). For use as an input, the 
corresponding TRIS bit must be set (= '1 ').Any 1/0 pin 
can be programmed individually as input or output. 

FIGURE 5·1: EQUIVALENT CIRCUIT FOR A SINGLE VO PIN 

From 
Data 
Bus 

Write 

To Data Bus 

From 
W Register 

TRIS'!' 

D Q 
Output 
Data 
Latch 

CK Q 1----.. 

Read 

D 1/0 Q 

Control 
Latch 

CK Q 1----------1 

Set 

Reset 

Note: 1/0 pins have protection diodes to Voo and Vss. 
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5.6 

5.6.1 

1/0 Programming Considerations 

Bl-DIRECTIONAL 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 writes the result to the location speci
fied. Caution must be used when these instructions are 
applied to a port where one or more pins are used as 
inpuVoutputs. For example, a BSF operation on bit5 of 
PORTB will cause all eight bits of PORTB to be read 
into the CPU. Then the BSF operation takes place on 
bit5 and the PORTB value is written to the output 
latches. If another bit of PORTB is used as a bi-direc
tional 1/0 pin (say bitO) 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. However, if bitO is switched into output mode 
later on, the contents of the data latch may now be 
unknown. 

Example 5-1 shows the effect of two sequential read
modify-write instructions (e.g., BCF, BSF) on an 1/0 
port. 

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 5-2: SUCCESSIVE 1/0 OPERATION 

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-ups and are not 
;connected to other circuitry 

BCF PORTB, 7 
BCF PORTB, 6 
BSF STATUS,RPO 
MOVLW 03Fh 
TRIS PORTB 

PORT latch PORT pins 

; Olpp PPPP 
; 10pp pppp 

llpp PPPP 
llpp pppp 

; 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 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 1/0 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 an NOP or another instruction not 
accessing this 1/0 port. 

: 01 I 021 031 04: 01 I 021 031 04; 01 I 021 031 04: 01 I 021 031 04; Note: 

PC k PC+ 1 f PC+2 :x PC+3 
Instruction : MOVWF PORTS :MOVF PORTS W • 

fetched • write to • ' • NOP NOP 
PORTS 

RS7:RSO ~· -----~-----J~~----~-----· 
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This example shows a write to PORTB 
followed by a read from POATB. 

Note that: 
data setup time= {0.25 TCY - TPD) 
where TCY = instruction cycle. 

TPD = propagation delay 

Therefore, at higher clock frequencies, 
a write followed by a read may be problematic. 
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6.0 TIMERO (TMRO) MODULE 
The TMRO module has the following features: 

• 8-bit timer/counter 

• Readable and writable 

• 8-bit software programmable prescaler 

• Internal or external clock select 

• Edge select for external clock 

Figure 6-1 is a simplified block diagram of the TMRO 
module, while Figure 6-2 shows the electrical structure 
oi the TMRO input. 

Timer mode is selected by clearing the TOCS 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 
two cycles (Figure 6-3 and Figure 6-4). The user can 
work around this by writing an adjusted value to the 
TMRO module. 

Counter mode is selected by setting the TOCS bit 
(OPTION<5>). In this mode TMRO will increment either 
on every rising or falling edge of pin TOCKI. The incre
menting edge is determined by the TO source edge 

FIGURE 6-1: TMRO BLOCK DIAGRAM 

Fosc/4--- o 

TOSE 

Programmable 
Prescaler 

3 
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select bit TOSE (OPTION<4>). Clearing the TOSE bit 
selects the rising edge. Restrictions on the external 
clock input are discussed in detail in Section 6.1. 

The prescaler is shared between the TMRO module 
and the WDT. The prescaler assignment is controlled 
in software by control bit PSA (OPTION<3>). Setting 
the PSA bit will assign the prescaler to the WDT and 
cause the prescale for TM RO to be 1: 1. Clearing the 
PSA bit will assign the prescaler to TMRO. The pres
caler is neither readable nor writable. When the pres
caler is assigned to the TMRO module, prescale values 
of 1 :2, 1 :4, ... , 1 :256 are selectable. Section 6.2 details 
the operation of the prescaler. 

Data bus 

PSout,.. ___ _ B 

Sync with 
Internal TMRO 
clocks 

PSout 
~----

(2 cycle delay) 

PS2,PSt,PSO PSA 
TOCS 

Note 1: Bits TOCS, TOSE, PSA, PS2, PS1 and PSO are located in the OPTION register. 
2: The prescaler is shared with the Watchdog Timer (Figure 6-6). 

FIGURE 6-2: ELECTRICAL STRUCTURE OFTHETOCKI PIN 

TOCKI 

Vss 
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RIN 

Vss 

Schmitt Trigger 
Input Buffer 
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6.1 Using TMRO with External Clock 

When an external clock input is used for TMRO, it must 
meet certain requirements to be able to synchronize 
with the internal phase clock (Tosc). Also, there is a 
delay in the actual incrementing of TMRO after synchro
nization. 

6.1:1 EXTERNAL CLOCK SYNCHRONIZATION 

When no prescaler is used, the external clock input is 
the same as the prescaler output. Synchronizing 
TOCKI with the internal phase clocks requires sampling 
the prescaler output on the 02 and 04 cycles of the 
internal phase clocks (see Figure 6-5). Therefore, it is 
necessary for TOCKI to be high for at least 2 Tosc (plus 
a small RC delay) and low for at least 2 Tosc (plus a 
small RC delay). Refer to the appropriate electrical 
specification table. 

When a prescaler is used, the external clock input is 
divided by the asynchronous ripple-counter type pres
caler to ensure that the prescaler output is symmetrical. 
For the external clock to meet the sampling require
ment, the ripple counter must be taken into account. 
Therefore, it is necessary for TOCKI to have a period of 
at least 4 Tosc (plus a small RC delay) divided by the 
prescaler value. The only limitation on TOCKI high and 
low time is that they are greater than the minimum 
pulse width requirement of 1 O ns. Reier to parameters 
40, 41 and 42 in the appropriate electrical specification 
section. 

6.1.2 TMRO INCREMENT DELAY 

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 mod
ule is actually incremented. Figure 6-5 shows the 
delay from the external clock edge to the timer incre
menting. 

6.2 Prescaler 

An 8-bit counter is available as a prescaler for the 
TMRO module, or as a post-scaler for the Watchdog 
limer (Section 6.2.1). 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 exclusive between the TMRO module 
and the Watchdog limer. Thus, a prescaler assign
ment for the TMRO module means that there is no pres
caler for the Watchdog limer, and vice-versa. 

The PSA and PS2:PSO bits (OPTION<3:0>) determine 
the prescaler assignment and prescale 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 the WDT, a CLRWDT instruction will clear 
the prescaler along with the WDT. The prescaler is nei
ther readable or writable. On a reset, the prescaler 
contains all 'O's. 

FIGURE 6-3: TMROTIMING: INTERNAL CLOCK/NO PRESCALE 

PC 

if6~Rf!:) 
Instruction 
Fetch 

TMRO 

Instruction 
Executed 

PC-1 PC PC+l PC+2 PC+3 PC+4 PC+S 

MOVWF TMROMOVF TMRO,WMOVF TMRo.™OVF TMRo.™OVF TMRo,\WovF TMRO,W 

lo+l x 10+2 x rsllO x r5JIO x rsllO x rsllO±l x 

+ + + + + WriteTMRO: 
executed 

ReadTMRo: 
reads NTO 

ReadTMRO: 
reads NTO 

ReadTMRO: 
reads NTO 

ReadTMRO: 
reads NTO+ 1 

PC+6 

rsllD±2 >C: 

+ ReadTMRO ' 
reads NTO+ 2 

FIGURE 6-4: TMROTIMING: INTERNAL CLOCK/PRESCALE 1:2 

PC 
ff~3Rf::) 
Instruction 
Fetch 

TMRO 

Instruction 
Execute 

PC-1 
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PC PC+l PC+2 PC+3 PC+4 PC+S PC+b 

:MOVWF TMROMOVF TMRO,WMOVF TMRO.WMOVF TMRO,WOVF TMRo.IM-..1ovF TMRO,W 

10+1 >< rsllO I )(: ~!0+1 lC 

+ + + + + + WriteTMRO: ReadTMRo: Read TMRO: ReadTMRO: ReadTMRO' ~~~~~~~; executed reads NTO reads NTO reads NTO reads NTO · 
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FIGURE 6-5: TMROTIMINGWITH EXTERNAL CLOCK 

External Clock input or 
Prescaler out (Note 2) 

01 I 021 031 04 01 I 021 031 04 01 I 021 031 04 01 I 021 031 041 
Small pulse 
misses sampling 

External Clock/Prescaler 
output after sampling 

Increment TMRO (04) 

TMRO 

(Note3~ 

Note 1: Delay from clock input change to TMRO increment is 3 Tosc to 7 Tosc. (Duration of 0 = Tosc). 
Therefore, the error in measuring the interval between two edges on TMRO input = ± 4 Tosc max. 

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

FIGURE 6-6: BLOCK DIAGRAM OF THE TMRO/WDT PRESCALER 

Tcv (= Fosc/4) 

~ 
0 

TOCKI 
pin 

TOSE 

Watchdog 
timer +--~~---< 

PSA 

WDT Enable bit 

u 
x 

TOCS 

M 
u 0 x 

PSA 

B-bit Prescaler 

B 

8 -to -1 MUX 

0 

MU X PSA 

WDT 
Time-out 

Note: TOCS, TOSE, PSA, PS2:PSO are bits OPTION<6:0>. 
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6.2.1 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 (Example 6-1) must be 
executed when changing the prescaler from TMRO to 
WOT. 

EXAMPLE 6·1: CHANGING PRESCALER 
(TMRO~WDT) 

CLRF TMRO 
CLRWDT 

;Clear TMRO 
;Clears WDT and 
;prescaler 

MOVLW 1 xxxxlxxx 1 b ;Select new prescale 
OPTION ;value 

To change the prescaler from the WOT to the TMRO 
module use the sequence shown in Example 6-2. This 
sequence must be used even if the WOT is disabled. 

Note that a CLRWDT instruction should be executed 
before switching the prescaler. 

TABLE 6-1: SUMMARY OFTMRO REGISTERS 

Register Name Function 

TMRO Timer/counter register 

EXAMPLE 6·2: CHANGING PRESCALER 
(WDT~TMRO) 

CLRWDT ;Clear WDT and 

MOVLW 

OPTION 

prescaler 
1 xxxxOxxx 1b Select TMRO, new 

prescale value and 
clock source 

Address 
Power-On Reset 

Value 

01h xxxx xxxx 

OPTION Configuration and prescaler assignment bits for TMRO. NIA --11 1111 

(Figure 4-4) 

Legend: x =unknown, - = unimplemented, reads a 'O'. 
Note 1: For reset values of registers in other reset situations refer to Table 4-1. 

TABLE 6-2: REGISTERS ASSOCIATEDWITHTMRO 

Address Name Bit 7 ] Bit 6 ] Bit 5 j Bit 4 ] Bit 3 j Bit 2 ] Bit 1 j Bit 0 

01 TMRO TimerO, 8-bit real time clock counter 

NIA OPTION MilfilifilitIW\®§:§1~1!1& roes J TOSE J PSA _l11ftR8Iill!!llil&!I!!~tiK~1!ll!Ut211[@!: 
Legend: - = Unimplemented locations, Read as 'O'. 
Note 1: Shaded cells are not used by the TMRO module. 
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7.0 SPECIAL FEATURES OF THE 
CPU 

What sets a microcontroller apart from other proces
sors are special circuits to deal with the needs of real 
time applications. The PIC16CSX family of microcon
trollers has a host of such features intended to maxi
mize system reliability, minimize cost through 
elimination of external components, provide power sav
ing operating modes and offer code protection. These 
features are: 

• OSC selection 

• Reset 

• Power-On Reset (POR) 

• Device Reset Timer (DRT) 

• Watchdog Timer (WDT) 

• SLEEP 

• Code protection 

• ID locations 

The PIC16CSX has a watchdog timer which can be 
shut off only through configuration bit WDTE. It runs off 
of its own RC oscillator for added reliability. There is an 
18 ms Device Reset Timer (DRT), intended to keep the 
chip in reset until the crystal oscillator is stable. With 
the timer on-chip, most applications need no external 
reset circuitry. 
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The SLEEP mode is designed to offer a very low cur
rent power-down mode. The user can wake from 
SLEEP through external resets or through a WDT 
time-out. Several oscillator options are also 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 configuration bits 
(FOSC1 :FOSCO) are used to select various options. 

7.1 Configuration Bits 

The configuration word consists of 4 or 12 bits depend
ing on the device configuration. Configuration bits can 
be programmed to select various device configurations. 
Two provide for the selection of the oscillator type 
(FOSC1 :FOSCO), one is the Watchdog Timer enable 
bit (WDTE), and one is the code protection bit (CP). 

FIGURE 7-1: CONFIGURATION WORD FOR THE PIC16C54A/PIC16CR57 A/PIC16C58A 

bit11 

© 1995 Microchip Technology Inc. 

Register: CONFIG For specifics refer to the PIC16C5X 
Programming Specification 

CP WDTE FOSC1 FOSCO 

bi!O 

FOSC1 :FOSCO: OSC selection bit 
11 : RC oscillator 
10 : HS oscillator 
01 : XT oscillator 
00 : LP oscillator 

WDTE: WDT enable bit 
1 = WDT enabled 
o = WDT disabled 

CP: Code Protect bit 
1 = Code Protect Ott 
0 = Code Protect On 

Unimplemented 

DS30236A-page 2-121 

• 



Enhanced PIC16C5X 

FIGURE 7-2: CONFIGURATION WORD FOR THE PIC16CR58A 

Register: CON FIG For specifics refer to the PIC16C5X 
Programming Specification 

CP CP CP CP CP CP CP CP CP WDTE FOSC1 FOSCO 

bit11 bltO 

Note 1: All bits must be cleared to enable code protect. 
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FOSC1:FOSCO: OSC selection bits 
11 : RC oscillator 
1 O : HS oscillator 
01 : XT oscillator 
00 : LP oscillator 

WDTE: WDT enable bit 
1 = WDT enabled 
O = WDT disabled 

CP: Code Protect bit (Note 1) 
1 = Code Protect Off 
O = Code Protect On 
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7.2 Oscillator Configurations 

7.2.1 OSCILLATOR TYPES 

The PIC16C5X can be operated in four different oscil
lator modes. The user can program two configuration 
bits (FOSC1 :FOSCO) to select one of these four 
modes: 

• LP: Low Power Crystal 

• XT: Crystal/Resonator 

• HS: High Speed Crystal/Resonator 
• RC; Resistor/Capacitor 

7.2.2 CRYSTAL OSCILLATOR I CERAMIC 
RESONATORS 

In XT, LP or HS modes a crystal or ceramic resonator 
is connected to the OSC1/CLKIN and OSC2/CLKOUT 
pins to establish oscillation (Figure 7-3). The 
PIC16C5X oscillator design requires the use of a paral
lel cut crystal. Use of a series cut crystal may give a fre
quency out of the crystal manufacturers specifications. 
When in XT, LP or HS modes, the device can have an 
external clock source drive the OSC1/CLKIN pin. 
(Figure 7-4). 

FIGURE 7-3: CRYSTAL/CERAMIC 
RESONATOR OPERATION 
(HS, XT OR LP OSC 
CONFIGURATION) 

OSC1 

SLEEP 
To internal 
logic 

See Table 7 -1 and Table 7 -2 for recommended val
ues of C1 and C2. 

Note 1: A series resistor may be required for AT 
strip cut crystals. 

FIGURE 7-4: EXTERNAL CLOCK INPUT 
OPERATION (HS, XT OR LP 
OSCMODE) 

Clock from 
ext. system 

Open 

OSC1 

PIC16C5X 

OSC2 
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TABLE 7-1: CAPACITOR SELECTION 
FOR CERAMIC RESONATORS 

Osc Resonator Cap.Range Cap.Range 
Type Freq. C1 C2 

XT 455 kHz 22-100 pF 22-100 pF 
2.0 MHz 15-68 pF 15-68 pF 
4.0MHz 15-68 pF 15-68 pF 

HS 8.0 MHz 10-68 pF 10-68 pF 
16.0 MHz 10-22 pF 10-22 pF 

These values are for design guidance only. Since 
each resonator has Its own characteristics, the user 
should consult the resonator manufacturer for appro
priate values of external components. 

TABLE 7-2: CAPACITOR SELECTION 
FOR CRYSTAL OSCILLATOR 

Osc Resonator Cap.Range Cap.Range 
Type Freq. C1 C2 

LP 32 kHzt 33-68 pF 33-68 pF 
200kHz 15-47 pF 15-47 pF 

XT 100 kHz 47-100 pF 47-100 pF 
2MHz 15-33 pF 15-33 pF 
4MHz 10-33 pF 10-33 pF 

HS 8MHz 15-47 pF 15-47 pF 
20MHz 15-47 pF 15-47 pF 

t For Voo > 4.5V, C1 = C2 = 30 pF is recommended. 

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. 
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7.2.3 EXTERNAL CRYSTAL OSCILLATOR 
CIRCUIT 

A prepackaged oscillator ~n be used or a simple oscil
lator circuit with TTL gates can be built. Prepackaged 
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 circµits can be used; one with series reso
nance, or one with parallel resonance. 

Figure 7-5 shows implementation of a parallel resonant 
oscillator circuit. The circuit is designed to use the fun
damehtal frequency of the crystal. The 74AS04 
inverter performs the 180.<fegree phase shift that a par
allel oscillator requires. The 4.7 kn resistor provides 
the negative feedback for stability. The 10 kQ potenti
ometers bias the 74AS04 in the linear region. This cir
cuit could be used for external oscillator designs. 

FIGURE 7·5: EXTERNAL PARALLEL 
RESONANT CRYSTAL 
OSCILLATOR CIRCUIT 

+5V 
To Other 
Devices 

10k 
4.7k 

10k 

XTAL 

D 
10k 

20~Fl 1pF 
Figure 7-6 shows a series resonant oscillator circuit. 
This circuit is also designed to use the fundamental fre
quency of the crystal. The inverter performs a 
180-degree phase shift in a series resonant oscillator 
circuit. The 3300 resistors provide the negative feed
back to bias the inverters in their linear region. 

FIGURE 7-6: EXTERNAL SERIES 
RESONANT CRYSTAL 
OSCILLATOR CIRCUIT 
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7.2.4 RC OSCILLATOR 

For timing insensitive applications the RC device option 
offers additional cost savings. RC oscillator frequency 
is a function of the supply voltage, the resistor (Rext) 
and capacitor (Cext) values, and the operating temper
ature. In addition to this, the oscillator frequency will 
vary from unit to unit due to normal process parameter 
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 7-7 shows how the RIC combination is con
nected to the PIC16C5X. For Rext values below 
2.2 kn, the oscillator operation may become unstable, 
or stop completely. For very high Rext values (e.g. 
1 MO) the oscillator becomes sensitive to noise, humid
ity and leakage. Thus, we recommend keeping Rext 
between 3 kn and 100 kn 

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 
capacitances, such as PCB trace capacitance or pack
age lead frame capacitance. 

See Section 9.0 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 9.0 for variation of oscillator frequency due 
to Voo for given RexVCext 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 pur
poses or to synchronize other logic. 

FIGURE 7·7: RC OSCILLATOR MODE 

Voo 

Rext 

Cext 

Vss J 
Fosc/4 

OSC2/CLKOUT 

Internal 
clock 
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7.3 ~ 

The PIC16C5X differentiates between various kinds of 
resets: 

• Power-On Reset (POR) 

• MCLR reset during normal operation 

• ~reset during SLEEP 

• WOT time-out reset 

Some registers are not affected in any reset condition; 
their status is unknown on POR and unchanged in all 
other resets. Most other registers are reset to a "reset 
state" on Power-On Reset (POR), ~ or a WOT 
reset. Note that the PIC16C5X does not differentiate 
between a WOT reset during SLEEP or during normal 
operation. The TO and l50 bits are set or cleared 
depending upon the reset situation (Table 7·3). These 
bits may be used to determine the nature of the reset. 
See Table 7.5 for a full description of reset states of all 
registers. 

Figure 7-8 shows the simplified block diagram of the 
on-chip reset circuit. 

7.4 Power-On Reset (PORl and 
Device-Reset Timer CORD 

7.4.1 POWER-ON RESET (POR) 

The PIC16C5X family incorporates an on-chip 
Power-On Reset (POR) circuitry which provides an 
internal chip reset for most power-up situations. To use 
this feature the user merely needs to tie the "'fiifCmVpp 

Enhanced PIC16C5X 

pin to Voo. Figure 7-15 shows the electrical structure of 
TMRO inputs. The Power-On Reset circuit and the 
Device Reset 1imer circuit are closely related. On 
power-up the reset latch is set and the ORT is reset. 
The ORT timer begins counting once it detects ~ 
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. 

Figure 7 .g and Figure 7-1 O are two power-up situations 
with relatively fast rise time on Voo. In Figure 7-9, Voo 
is allowed to rise and stabilize before bringing ~ 
high. The chip wiii actually come out of reset (lDRT 

msec) attar ~ goes high. In Figure 7-10, the 
on-chip Power-On Reset feature is being used (MCER 
and Voo are tied together). Voo is stable before the 
start-up timer times out and there is no problem in get
ting a proper reset. Figure 7-11 depicts a potentially 
problematic situation where VDD 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 POR is guaranteed to work 
if the rate of rise of Voo is no slower than 0.05V/ms, and 
Voo starts from OV. The on-<:hip POR time delay is too 
short 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 be 
used to achieve longer POR delay times. 

FIGURE 7-8: ON-CHIP RESET CIRCUIT BLOCK DIAGRAM 

Voo 

'iii!crRNPP pin 

Power-Up 
Detect 

On-Chip 
RCOSC 
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POR (Power-On Reset) 

~-8---bi-t As-y-nc--,..R_E_S_E_T--.,..__, S 

Ripple Counter 
(Start-up Timer 

t-------tR 
'--------~ 

a 

CHIP RESET 
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7.4.2 DEVICE RESETTIMER (DRT) 

The Device Reset Timer provides a fixed 18 ms nomi
nal time-out on RESET. The Device Reset Timer oper
ates with an internal RC oscillator. The processor is 
kept in RESET as long as the DRT is active. The DRT 
delay allows Voo to rise above Voo min., and allows the 
oscillator to stabilize. 

Oscillator circuits based on crystals or ceramic resona
tors require a certain time after power-up to establish a 
stable oscillation. The on-chip DRT keeps the device in 
a RESET condition for approximately 18 ms after the 
voltage on the ~PP pin has reached a logic high 
(VIHMC) level. Thus, external RC networks connected to 
the MCCTi input are not required in most cases, allow
ing for savings in cost-sensitive and/or space restricted 
applications. 

The Device Reset time delay will vary from chip to chip 
and due to Voo, temperature, and process variation. 

The DRT will also be triggered upon a WDT time-out. 
This is particularly important for applications using the 
WDT to waken the PIC16C5X from SLEEP automati
cally. 

7.4.3 TIME-OUT SEQUENCE 

Table 7-4 lists the reset conditions for the special func
tion registers while Table 7-5 lists the reset conditions 
for all the registers. 

TABLE 7-3: 

TO PD 

0 0 

0 1 

1 0 

1 1 

u u 

TO/PD STATUS AFTER 
RESET 

RESET was caused by 

WDT wake-up from SLEEP 

WDT time-out (not during SLEEP) 

MCDi wake-up from SLEEP 

Power-up 

= Low pulse on MCDi input 

The TO and PD bits maintain their status (u) until a 
reset occurs. A low-pulse on the MCLR input does 
not change the TO and PD status bits. 

TABLE 7-4: RESET CONDITIONS FOR SPECIAL REGISTERS 

Condition 
STATUS PCL 

Addr: 03h Addr: 02h 

Power-On Reset 0001 lxxx 1111 1111 

MCLR reset during normal operation OOOu uuuu(l) 1111 1111 

MCLR reset during SLEEP 0001 Ouuu 1111 1111 

WDT reset during SLEEP 0000 Ouuu 1111 1111 

WDT reset during normal operation 0000 luuu 1111 1111 

Legend: u =unchanged, x =unknown, - = unimplemented read as 'O'. 
Note 1: Them and PU bits retain their last value until one of the other reset conditions occur. 

2: The CLRWDT instruction will set the TO and PD bits 

TABLE 7-5: RESET CONDITIONS FOR ALL REGISTERS 

~ster Address Power-on Reset MCLR or WOT Reset 

w NIA xxxx xxxx uuuu uuuu 

TRIS N/A 1111 1111 1111 1111 

OPTION N/A --11 1111 --11 1111 

INDF OOh - -
TMRO 01h xxxx xxxx uuuu uuuu 

PCL 02h 1111 1111 1111 1111 

STATUS 03h 0001 lxxx 000? ?uuu (1) 

FSR 04h xxxx xx.xx uuuu uuuu 

PORTA 05h ---- xxxx ---- uuuu 

PORTB 06h xxxx xx.xx uuuu uuuu 

PORTC 07h xxxx xx.xx uuuu uuuu 

General Purpose 08-7Fh xxxx xxxx uuuu uuuu 

register files 
Legend: u = unchanged, x = unknown, - = unimplemented read as 'O', ? =value depends on condition. 
Note 1: See Table 7-4 for reset value for specific conditions. 
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FIGURE 7-9: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO Voo): Case 1 

VDD 

INTERNAL POR 

ORT TIME-OUT 

INTERNAL RESET 

FIGURE 7-10: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO Voo): Case 2 

Voo 

INTERNAL POR 

ORT TIME-OUT 

INTERNAL RESET 

FIGURE 7-11: TIME-OUT SEQUENCE ON POWER-UP (MCLRTIED TO Voo) 

Voo 

INTERNAL POR 

ORT TIME-OUT 

INTERNAL RESET 
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FIGURE 7-12: EXTERNAL POWER-ON 
RESET CIRCUIT (FOR SLOW 
Voo POWER-UP) 

Voo Voo 

D R 

c 
I 

R1 
~ 

PIC16C5X 

Note 1: External Power-On Reset circuit is required 
only if Voo power-up is too slow. The 
diode D helps discharge the capacitor 
quickly when Voo powers down. 

2: R < 40 kn is recommended to make sure 
that voltage drop across R does not 
exceed 0.2V (max leakage current spec on 
~pin is 5 µA). A larger voltage drop 
will degrade V!H level on the "fi.ilCCR!Vpp 
pin. 

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

FIGURE 7-13: BROWN-OUT PROTECTION 
CIRCUIT1· 

Voo 

10k 

PIC16C5X 

This circuit will activate reset when Voo goes below Vz + 
0.7V (where Vz =Zener voltage). 

FIGURE 7-14: BROWN-OUT PROTECTION 
CIRCUIT2 

Voo 

>--------< Voo 
R1 

R2 
PIC16C5X 

This brown-out circuit is less expensive, although 
less accurate. Transistor 01 turns off when VOo 
is below a certain level such that: 

R1 
Voo. --=R-1 -+""'R~2 =0.7V. 

FIGURE 7-15: ELECTRICAL STRUCTURE OF THE MCLRNPP ANDTOCKI PINS 
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"MCCTiJVpp 
and 

TOCKI pins 

Vss Vss 

RIN 

Schmitt Trigger 
Input Buffer 
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7.5 Watchdog Timer (WOT) 

The watchdog timer is realized as a free running 
on-chip RC oscillator which does not require any exter
nal components. This RC oscillator is separate from the 
RC oscillator of the OSC1/CLKIN pin. That means that 
the WDTwill run even if the clock on the OSC1/CLKIN 
and OSC2/CLKOUT pins of the device have been 
stopped (i.e., by executing the SLEEP instruction). Dur
ing normal operation a WDT time-out generates a 
device RESET. If the device is in SLEEP mode, a WDT 
time-out causes the device to wake-up and continue 
with normal operation. The WDT can be permanently 
disabled by programming the configuration bit WDTE 
as a 'O' (Section 7.1). 

7.5.1 WDT PERIOD 

The WDT has a nominal time-out period of 18 ms, (with 
no prescaler). These periods vary with temperature, 
Voo and process variations from part to part (see DC 
specs). If longer time-out periods are desired, a pres-

Enhanced PIC16C5X 

caler 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 2.3 sec
onds can be realized. 

The CLRWDT and SLEEP instructions clear the WDT 
and the postscaler (ii assigned to the WDT) and pre
vent it from timing out and generating a device RESET. 

The TO bit (STATUS<4>) will be cleared upon a WDT 
time-out. 

7.5.2 WDT PROGRAMMING CONSIDERATIONS 

At worst case conditions (Voo = Min., Temperature = 
Max., max. WDT prescaler) it may take several sec
onds before a WDT time-out occurs. 

FIGURE 7-16: WATCHDOG TIMER BLOCK DIAGRAM 

From TMRO Clock Source 
(Figure 6-6) 

WDTEnable 
EPROM Fuse 

PSA 

Postscaler 

8 -to- 1 MUX PS2:PSO 

.----To TMRO (Figure 6-6) 

0 

MUX PSA 

Note: PSA and PS2:PSO are bits in the OPTION register. w T 

TI me-out 

TABLE 7-6: SUMMARY OF REGISTERS ASSOCIATED WITH THE WATCHDOG TIMER 

Name 

Config. Word 

OPTION 

Note 1: CP7:CP4 are used by the PIC16CCR58A only. Unused in all other devices. 
2: Shaded cells are not used by the Watchdog limer. 

© 1995 Microchip Technology Inc. 

BitO 

PSO 
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7.6 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 TO bit (STATUS<4>) is set, the PD 
bit (STATUS<3>) is cleared, and the oscillator driver is 
turned off. The 1/0 ports maintain the status they had 
before the SLEEP instruction was executed (driving 
high, driving low, or hi-impedan~e). 

It should be noted that a RESET generated by a WOT 
time-out does not drive the MC[R/Vpp pin low. 

For lowest current consumption while powered down, 
the TOCKI input should be at Voo or Vss and the 
'fJCCroVPP pin must be at a logic high level (VIHMC). 

7.6.1 WAKE-UP FROM SLEEP 

The device can wake from SLEEP through one of the 
following events: 

1. An external reset input on the MCLRIVPP pin. 

2. A WOT time-out reset (if WOT was enabled). 

Both of these events cause a device reset. The TO and 
'PD bits can be used to determine the cause of device 
reset. The TO bit is cleared if a WOT time-out occurred 
(and caused wake-up). The PD bit, which is set on 
power-up, is cleared when SLEEP is invoked. 

The WOT is cleared when the device wakes from 
SLEEP, regardless of the wake-up source. 
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7.7 Code Protection 

The code in the program memory can be protected by 
clearing the code protect bits. 

In code protected mode, the.configuration word will not 
be protected, allowing reading of all bits. 

7.7.1 PIC16C54A, PIC16CR57AAND PIC16C58A 

Once code protected, all memory locations read out in 
a scrambled fashion. For EPROM devices, program 
memory locations 40h and above cannot be further pro
grammed. However, the first 64 locations, OOh - 3Fh, 
may be programmed. These locations are not consid
ered secure. 

7.7.2 PIC16CR58A 

In a protected device, program memory locations 
00h-3Fh read out normally. Locations 40h and higher 
cannot be read out. 

7.8 ID Locations 

Four memory locations are designated as ID locations 
where the user can store checksum or other code·iden· 
tification numbers. These locations are not accessible 
during normal execution but are readable and writable 
during program/verify. 

Use only the lower 4-bits of the ID locations and always 
program the upper 8-bits as '1's. 
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8.0 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 8-2 groups the instructions into 
byte-oriented, bit-oriented, and literal and control oper
ations. 

For byte-oriented instructions, 'I' represents a file reg
ister designator and 'd' represents a destination desig
nator. The file register designator is used to specify 
which one of the 32 file registers is to be used by the 
instruction. (For the Enhanced PIC16CR57A, 
PIC16C58A and the PIC16CR58A, bits 6 and 5 in the 
FSR register determine the selected register bank.) 

The destination designator specifies where the result of 
the operation is to be placed. If 'd' is 'O', the result is 
placed in the W register. If 'd' is '1', 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 pro
gram 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 
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. 
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TABLE 8-1: 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 = o. 
It is the recommended fonn of use for compat-
ibility with all Microchip software tools. 

d Destination select; 
d = O (store result in W) 
d = 1 (store result in file register 'I') 

Default is d = 1 

label Label name 
TOS Top of Stack 

PC Program Counter 

WDT Watchdog Timer Counter 

TO Time-Out bit 
-

Power-Down bit PD 

de st Destination, either the W register or the speci-
tied register file location 

[ l Options 

() Contents 

-t Assigned to 

<> Register bit field 

E In the set of 

italics User defined term (font is courier) 
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TABLE 8-2: INSTRUCTION SET SUMMARY 

Mnemonic, Description Cycles 12-Bit Opcode Status Notes 
Operands MSb LSb Affected 

ADDWF f,d Add Wand! 1 0001 lldf ffff C,DC,Z 1,2,4 
ANDWF f,d ANDWwithl 1 0001 Oldf ffff z 2,4 
CLRF f Clear! 1 0000 Ollf ff ff z 4 
CLAW - ClearW 1 0000 0100 0000 z 
COMF f,d Complement I 1 0010 Oldf ff ff z 
DECF f, d Decrement f 1 0000 lldf ffff z 2,4 
DECFSZ f, d Decrement f, Skip if O 1 (2) 0010 lldf ff ff None 2,4 
INCF f,d Increment I 1 0010 10df ff ff z 2,4 
INCFSZ f,d Increment I, Skip if O 1 (2) 0011 lldf ffff None 2,4 
IORWF f, d Inclusive OR W with I 1 0001 OOdf ffff z 2,4 
MOVF f, d Move! 1 0010 OOdf ff ff z 2,4 
MOVWF f Move Wtof 1 0000 OOlf ffff None 1,4 
NOP - No Operation 1 0000 0000 0000 None 
RLF f, d Rotate left f through Carry 1 0011 Oldf ffff c 2,4 
RRF t, d Rotate right f through Carry 1 0011 OOdf ffff c 2,4 
SUBWF f,d Subtract W from f 1 0000 10df fff f C,DC,Z 1,2,4 
SWAPF t, d Swapf 1 0011 10df ffff None 2,4 
XORWF f, d Exclusive OR W with f 1 0001 10df ffff z 2,4 
BIT-ORIENTED FILE REGISTER OPERATIONS 

BCF f, b Bit Clear f 1 0100 bbbf ffff None 2,4 
BSF f, b Bit Set I 1 0101 bbbf ffff None 2,4 
BTFSC f, b Bit Test I, Skip if Clear 1 (2) 0110 bbbf ff ff None 
BTFSS f, b Bit Test I, Skip if Set 1 (2) 0111 bbbf ffff None 

LITERAL AND CONTROL OPERATIONS 

ANDLW k AND literal with W 1 1110 kkkk kkkk z 
CALL k Call subroutine 2 1001 kkkk kkkk None 1 
CLRWDT k Clear watchdog timer 1 0000 0000 0100 TO.PD 
GOTO k Unconditional branch 2 101k kkkk kkkk None 
IORLW k Inclusive OR literal with W 1 1101 kkkk kkkk z 
MOVLW k Move Literal to W 1 1100 kkkk kkkk None 
OPTION k Load OPTION register 1 0000 0000 0010 None 
RETLW k Return, place literal in W 2 1000 kkkk kkkk None 
SLEEP - Go into standby mode 1 0000 0000 0011 TO.PD 
TRIS f Load TRIS register 1 0000 0000 Offf None 3 
XORLW k Exclusive OR Literal to W 1 1111 kkkk kkkk z 
Note 1: the 9th bit of the program counter will be forced to a 'O' by any instruction that writes to the PC except for 

GOTO. (Section 4.6) 
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 input and 
is driven low by an external device, the data will be written back with a 'O'. 

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 PORTA, B or C, respectively. A '1' forces the pin to a hi-impedance state and disables 
the output buffers. 

4: If this instruction is executed on the TMRO register (and, where applicable, d = 1), the prescaler will be 
cleared (ii assigned to TMRO). 
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ADDWF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

AddW andf 

[ label] ADDWF I ,d 

0 :s; I $127 
d E (0,1] 

(W) + (I) -t (dest) 

C,DC,Z 

I 0001 I lldf I ffff 

Add the contents of the W register 
and register 1'. If 'd' is 0 the result is 
stored in the W register. If 'd' is 1 the 
result is stored back in register'!'. 

ADDWF FSR, 0 

Before Instruction 
W = Ox17 
FSR= OxC2 

After Instruction 
W = OxD9 
FSR = OxC2 

ANDLW 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

And literal with W 

[ label] ANDLW k 

0$k$255 

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

z 
I 1110 I kkkk I kkkk 

The contents of the W register are 
AND'ed with the eight bit literal 'k'. 
The result is placed in the W register. 

ANDLW Ox5F 

Before Instruction 
W = OxA3 

After Instruction 
W = Ox03 

© 1995 Microchip Technology Inc. 
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ANDWF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

AND Wwithf 

[label] ANDWF f,d 

0$1$127 
d E (0,1] 

(W) .AND. (I) -t (dest) 

z 
I 0001 I Oldf I ffff 

The contents of the W register are 
AND'ed 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 
1'. 

1 

ANDWF FSR, 

Before Instruction 
W = Ox17 
FSR = OxC2 

After Instruction 
W Ox17 
FSR = Ox02 

BCF Bit Clear f 

Syntax: 

Operands: 

[label] BCF f,b 

0$f$127 
0$b$7 

Operation: 0-t (kb>) 

Status Affected: None 

Encoding: 

Description: 

1 0100 1 bbbf ff ff 

Bit 'b' in register 'f' is cleared. 

Words: 

Cycles: 

Example: BCF 

Before Instruction 
FLAG_REG = OxC7 

After Instruction 
FLAG_REG = Ox47 

FLAG_REG, 7 
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BSF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

Bit Set f 

[label] BSF f,b 

0::;;1::;; 127 
o::;;b::;;7 

1 ~(kb>) 

None 

I 0101 I bbbf ff ff 

Bit 'b' in register ~· is set. 

BSF FLAG_REG, 7 

Before Instruction 
FLAG_REG= OxOA 

After Instruction 
FLAG_REG= OxBA 

BTFSC 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

Bit Test f, Skip if Clear 

[label] BTFSC f,b 

0::;;1::;;127 
o::;;b::;;7 

skip if (kb>)= O 

None 

1 0110 I bbbf ffff 

If bit 'b' in register ~· is o then the next 
instruction is skipped. 

If bit 'b' is 0 then the next instruction 
fetched during the current instruction 
execution is discarded, and an NOP is 
executed instead, making this a 2 cycle 
instruction. 

1 

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) 
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BTFSS 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

BitTest f, Skip if Set 

[label] BTFSS f,b 

0$1$127 
0$b<7 

skip if (kb>) = 1 

None 

I 0111 I bbbf ffff 

If bit 'b' in register 'f' is '1' then the next 
instruction is skipped. 

If bit 'b' is '1 ', then the next instruction 
fetched during the current instruction 
execution, is discarded and an NOP is 
executed instead, making this a 2 cycle 
instruction. 

1 

1(2) 

HERE BTFSS 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 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

Subroutine Call 

[ label] CALL k 

O::;;k::;;2047 

(PC)+ 1---; Top of Stack; 
k---; PC<8:0>; 
(STATUS<6:5>) ---; PC<10:9>; 
0---; PC<8> 

None 

I 1001 I kkkk I kkkk 

Subroutine call. First, return address 
(PC+ 1) is pushed onto the stack. The 
eight bit immediate address is loaded 
into PC bits <7:0>. The upper bits 
PC<10:9> are loaded from STA
TUS<6:5>, PC<8> is cleared. CALL is 
a two cycle instruction. 

2 

HERE CALL THERE 

Before Instruction 
PC = address (HERE) 

After Instruction 
PC = address (THERE) 
TOS = address (HERE) 

CLRF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

Clearf 

[ label] CLRF 

0:5:1::;; 127 

OOh---; (f); 
1---; z 
z 
I 0000 I Ollf ffff 

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 
z 

OxOO 
1 
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CLRW 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

ClearW 

[ label] CLRW 

None 

OOh---t(W); 
1---; z 
z 
I 0000 I 0100 0000 

The W register is cleared. Zero bit (Z) 
is set. 

Example: CLRW 

Before Instruction 
W = Ox5A 

After Instruction 
W OxOO 
z 1 

CLRWDT 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

Clear Watchdog Timer 

[ label] CLRWDT 

None 

OOh---tWDT; 
O ---; WOT prescaler; 
1---; TO; 
1 ---; PD 
TO, PD 

I 0000 I 0000 I 0100 

The CLRWDT instruction resets the 
WDT. It also resets the prescaler of 
the WDT. Status bits TI5 and PD' are 
set. 

CLRWDT 

Before Instruction 
WDT counter ? 

After Instruction 
WDT counter OxOO 
WDT prescale = 0 
iO 
PD' 
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COMF Complement f 

Syntax: 

Operands: 

[label] COMF f,d 

O::;f<;;127 

Operation: 

Status Affected: 

Encoding: 

d E (0,1) 

(l) ~(des!) 

z 
I 0010 I Oldf ff ff 

Description: The contents of register~· are comple
mented. 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: 

Cycles: 

Example: COMF REGl,0 

Before Instruction 
REG1 Ox13 

After Instruction 
REG1 Ox13 
W OxEC 

DECF Decrementf 

Syntax: [label] DECF f,d 

Operands: 0::; f::; 127 
d E (0,1] 

Operation: (I) - 1 ~ (dest) 

Status Affected: Z 

Encoding: I 0000 j nat ffff 

Description: Decrement register 'f'. If 'd' is 0 the 
result is stored in the W register. If 'd' 
is 1 the result is stored back in register 
'f'. 

Words: 

Cycles: 

1 

1 

Example: DECF CNT, 1 

Before Instruction 
CNT Ox01 
z 0 

After Instruction 
CNT OxOO 
z 1 

DECFSZ 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

Decrement f, Skip if O 

[label] DECFSZ f,d 

O::;f::; 127 
d E (0,1] 

(I) - 1 ~ d; skip if result= o 
None 

I 0010 i 11af I ffff 

The contents of register T 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 
and an NOP is executed instead mak
ing it a two cycle instruction. 

1 

1 (2) 

HERE DECFSZ CNT, 1 
GOTO LOOP 

CONTINUE 

Before Instruction 
PC address (HERE) 

After Instruction 
CNT CNT-1; 

0, ifCNT 
PC 

ifCNT °" 
PC 

GOTO 

Syntax: 

address (CONTINUE); 
0, 
address (HERE+ll 

Unconditional Branch 

[ label] GOTO k 

Operands: O::; k::; 2047 

Operation: k ~ PC<8:0>; 
STATUS<6:5> ~ PC<10:9> 

Status Affected: None 
Encoding: rl _1_0_1k-~1-k_k_k_k~1-k_k_k_k~ 

Description: 

Words: 

Cycles: 

Example: 

GOTO is an unconditional branch. The 
9-bit immediate value is loaded into 
PC bits <B:O>. The upper bits of PC 
are loaded from STATUS<6:5>. GOTO 
is a two cycle instruction. 

2 

GOTO THERE 

After Instruction 
PC = address (THERE) 
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INCF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

lncrementf 

[label] INCF f,d 

O<:;fs127 
d E [0,1] 

(f) + 1 -t (dest) 

z 
Encoding: I 0010 i 1odf ffff 

Description: 

Words: 

Cycles: 

Example: 

The contents of register 'f' are incre
mented. If 'd' is 0 the result is placed 
in the W register. If 'd' is 1 the result is 
placed back in register 'f'. 

INCF CNT, 1 

Before Instruction 
CNT OxFF 
z 0 

After Instruction 
CNT OxOO 
z 1 

INCFSZ 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

Increment f, Skip if O 

[label] INCFSZ f,d 

Osf<:;127 
d E [0,1] 

(f) + 1 -t (dest), skip if result= O 

None 

I 0011 i 11df I ffff 

The contents of register 1' are incre
mented. If 'd' is 0 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, 1hen the next instruc
tion, which is already fetched, is dis
carded and an NOP is executed 
instead making it a two cycle instruc
tion. 

1 

1(2) 

HERE INCFSZ 
GOTO 

CONTINUE 

CNT, 
LOOP 

Before Instruction 
PC address (HERE) 

After Instruction 
CNT 
ifCNT 
PC 
ifCNT * 
PC 

CNT+ 1; 
0, 
address (CONTINUE); 
0, 
address (HERE + 1 ) 
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IORLW 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

Inclusive OR literal with W 

[label] IORLW k 

Osks255 

(W) .OR. (k) -t (W) 

z 
i 1101 I kkkk I kkkk 

The contents of the W register are 
OR'ed with the eight bit llteral 'k'. The 
result is placed in the W register. 

IORLW Ox35 

Before Instruction 
W = Ox9A 

After Instruction 
W = OxBF 

IORWF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

Inclusive OR W with f 

[label] IORWF f,d 

Osf<:;127 
d E [0,1] 

(W) .OR. (I) -t (dest) 

z 
I 0001 I OOdf I ffff 

Inclusive OR the W register with regis
ter 1'. If 'd' is o the result is placed in 
the W register. If 'd' is 1 the result is 
placed back in register 'f'. 

IORWF RESULT, 0 

Before Instruction 
RESULT = Ox13 
W Ox91 

After Instruction 
RESULT = Ox13 
W Ox93 
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MOVF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

Movef 

[label] MOVF f,d 

0SfS127 
d E [0,1] 

(I) -t (des!) 

z 
I 0010 I OOdf ff ff 

The contents of register 'f' is moved to 
destination 'd'. If 'd' is 0, destination is 
the W register. If 'd' is 1, the destina
tion is file register 'f'. 'd' is 1 is useful to 
test a file register since status flag Z is 
affected. 

MOVF FSR, 0 

Alter Instruction 
W = value in FSR register 

MOVLW 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

Move Literal to W 

[label] MOVLW k 

0SkS255 

k-t (W) 

None 

i 1100 I kkkk kkkk 

The eight bit literal 'k' is loaded into 
the W register. The don't cares will 
assemble as Os. 

MOVLW Ox5A 

Alter Instruction 
W = Ox5A 
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MOVWF MoveWtof 

Syntax: [label] MOVWF 

Operands: 0SfS127 

Operation: (W) -t (f) 

Status Affected: None 

Encoding: I 0000 I OOlf ff ff 

Description: Move data from the W register to reg-
Isler~·. 

Words: 

Cycles: 

Example: MOVWF TEMP_REG 

Before Instruction 
TEMP_REG 
w 

After Instruction 
TEMP_REG 
w 

OxFF 
Ox4F 

Ox4F 
Ox4F 

NOP No Operation 

Syntax: [label] NOP 

Operands: None 

Operation: No operation 

Status Affected: None 

Encoding: I 0000 I 0000 

Description: No operation. 

Words: 1 

Cycles: 

Example: NOP 

0000 
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OPTION Load OPTION Register 

Syntax: 

Operands: 

[ label] OPTION 

None 

Operation: 

Status Affected: 

(W) --t OPTION 

None 

Encoding: 10000 I 0000 10010 

Description: The content of the W register is loaded 
into the OPTION register. 

Words: 1 

Cycles: 1 

Example OPTION 

Before Instruction 
W Ox07 

After Instruction 
OPTION = Ox07 

RETLW Return, place literal in W 

Syntax: [ label] RETLW k 

Operands: O ~ k ~ 255 

Operation: k--t (W); 
TOS --t PC 

Status Affected: None 
Encoding: !~1-o_o_o_rl k_k_k_k-~k-k_k_k~ 

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. 

Words: 

Cycles: 2 

Example: 

TABLE 

CALL TABLE ;W contains 
;table 
;offset value 

ADDWF PC 
RETLW kl 
RETLW k2 

RETLW kn 

Before Instruction 
W Ox07 

After Instruction 
W value of k7 

© 1995 Microchip Technology Inc. 

;W now has table 
value• 

;W = offset 
;Begin table 

End of table 
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RLF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Rotate Left t through Carry 

[label] RLF f,d 

0 ~I~ 127 
d E (0,1) 

See description below 

c 
Encoding: I 0011 I Oldf I ffff 

Description: 

Words: 

Cycles: 

Example: 

The contents of register 'f' 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 'f'. 

c--@}-1 register 'f' l:J 

RLF REGl, 0 

Before Instruction 
REG1 1110 0110 
c 

After Instruction 
REG1 1110 0110 
w 1100 1100 
c 1 
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RRF 
Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

Rotate Right f through Carry 

[label] RRF l,d 

0::;1::; 127 
d E [0,1] 

See description below 

c 
I 0011 I OOdf I ffff 
The contents of register 1' 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 1'. 

c0:I register 'f' b 

RRF REGl,O 

Before Instruction 
REG1 
c 

After Instruction 
REG1 
w 
c 

SLEEP 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

1110 0110 

1110 0110 
0111 0011 

Enter SLEEP Mode 

[label] SLEEP 

None 

OOh~WDT; 
0 ~ WOT prescaler; 
1 ~TO; 
O~PD 

TC>,Pl'.5 

~oo I 0000 I 0011 

Time-out status bit (iO) is set. The 
power down status bit (PO) is 
cleared. The WDT and its prescaler 
are cleared. 

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

SLEEP 
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SUBWF Subtract W from f 

Syntax: 

Operands: 

[label] SUBWF f,d 

O::;f::; 127 
d E [0,1] 

Operation: 

Status Affected: 

(I) - (W) ~ (dest) 

C,DC,Z 

Encoding: I 0000 j 1oaf I ffff 
Description: Subtract (2's complement method) 

the W register from register 1'. II 'd' 
is O the result is stored in the W reg
ister. If 'd' is 1 the result is stored 
back in register 'f'. 

Words: 

Cycles: 

Example 1: SUBWF REGl, 1 

Before Instruction 
REG1 3 
w 2 
c ? 

After Instruction 
REG1 1 
w 2 
c ; result is positive 

Example2: 

Before Instruction 
REG1 2 
w 2 
c ? 

After Instruction 
REG1 0 
w 2 
c 1 ; result is zero 

Example 3: 

Before Instruction 
REG1 1 
w 2 
c ? 

After Instruction 
REG1 FF 
w 2 
C o ; result is negative 
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SWAPF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

Swapf 

[label] SWAPF f,d 

05f5127 
d E (0,1] 

(k3:0>) ~ (desk7:4>); 
(k7:4>) ~ (desk3:0>) 

None 

l 0011 11odr I ffff 
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'. 

SWAPF REGl, 0 

Before Instruction 
REG1 OxA5 

After Instruction 
REG1 OxA5 
W OX5A 

TRIS Load TRIS Register 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

[ label] TRIS f 

55f 57 

(W) ~TRIS register f 

None 

I 0000 I 0000 I Offf 

TRIS register 'f' (f = 5, 6, or 7) is loaded 
with the contents of the W register 

TRIS PORTA 

Before Instruction 
W OXA5 

After Instruction 
TRISA OXA5 

Enhanced PIC16C5X 

XORLW 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

Exclusive OR literal with W 

[label] XORLW k 

05k5255 

(W) .XOR. k ~ (W) 

z 
i 1111 1 kkkk I kkkk 

The contents of the W register are 
XOR'ed with the eight bit literal 'k'. 
The result is placed in the W regis
ter. 

XORLW OxAF 

Before Instruction 
W = OxB5 

After Instruction 
W = Ox1A 

XORWF Exclusive OR W with f 

Syntax: [label] XORWF f,d 

Operands: O 5 f 5 127 
d E [0,1) 

Operation: (W) .XOR. (f) ~ (dest) 

Status Affected: Z 

Encoding: I 0001 i 1oaf I ffff 

Description: Exclusive OR the contents of 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 XORWF REG 

Before Instruction 
REG OxAF 
W OxB5 

After Instruction 
REG Ox1A 
W OxB5 
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NOTES: 
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9.0 ELECTRICAL CHARACTERISTICS FOR PIC16C54A 

9.1 Absolute Maximum Ratingst 

Ambient temperature under bias .............................................................................................................. -55°C to+ 125·c 

Storage temperature .............................................................................................................................. - 65·c to+ 15o·c 

Voltage on Voo with respect to Vss .................................................................................................................. Oto + 7.5V 

Voltage on MCLR with respect to Vss .............................................................................................................. O to + 14 V 

Voltage on all other pins with respect to Vss ................................................................................... -0.6V to (\/Do + 0.6V) 

Total power dissipation (Note 1) ............................................................................................................................ 800 mW 

Max. current out of Vss pin .. ..... ... ....... ..... ........ .......... .... ............. ... .... .. ... ............ ... . . ...................... 150 mA 

Max. current into Voo pin ....................................................................................................................................... 100 mA 

Max. current into an input pin (TOCK! only) ...................................................................................................................... ±500 µA 

Input clamp current, llK (VI < O or VI> Voo) ...................................................................................................................... ±20 mA 

Output clamp current, loK (VO< O or VO> Voo) ............................................................................................................... ±20 mA 

Max. output current sunk 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 (PORTA or B) ............................................................................. .40 mA 

Max. output current sunk by a single 1/0 port (PORTA or B) ................................................................................... 50 mA 

Note 1: Total power dissipation should not exceed BOO mW for the package. Power dissipation is calculated as fol
lows: 

Pdis = Voo x {loo - I IOH} +I {(Voo-VoH) x IOH} + I(VoL x loL) 

.t NOTICE: Stresses abovethose listed under 'Maximum Ratings• m1;1y caus~ permane~t damage to the .device: 
T~is _ii; a stress rating only and functional operation of the device at lhoSe or any other conditions above those in di· 
cated in the operation listings of this specification is not implied. Exposure to maiCimum rating conditions tor 
extended periods ma affect device reliability. · 

TABLE 9-1: CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS 
AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES) 

osc 
RC 

XT 

HS 

LP 

16C54A-04 

VOO: 3.0V to 6.25V 
loo: 2.4 mA max. at 5.5V 
IPD: 4 µA max. at 3.0V 

WDTdis 
Freq: 4 MHz max. 

Voo: 3.0V to 6.25V 
loo 2.4 mA max. at 5.5V 
IPO: 4 µA max. at 3.0V 

WOT dis 
Freq: 4 MHz max. 

Vbo: 4.5V to 5.5V 
loo: . 2.4 mA typ. at 5.5V 
IPo:< .. 0.25 µAtyp.at 3.0V 

WOT dis."' 
Freq: 4 MHz max. 

Voo: 3.0V to 6.25V 
loo; 14 µAtyp. al •. · 32kHz; 

3.0V • 
!Po; 0.25 µA typ. at.3.0V 

WDTdis . 
Freq:· 200 kHz max. 

16C54A-10 

Voo: 3.0V to 6.25V 
loo: · 1.7 mA typ: at 5.5V 
IPD: . Q.25 µA typ. at 3.0v 

WDTdis . 
Fre : 4 MHz max.· 

Von: 3.0V to.6.25V 
loo: 1] mA lyp. at 5.SV 
IPO: 0.25 µA typ. at 3.0V 

. WDTdis 
Freer 4 MHz max: 
Voo; 4.5V to 5.5V 
loo: 8 mA max. at 5.5V 
IPO: 4 µA max. at 3.0V 

WDTdis 
Freq: 10 MHz max. 

Do riot use in LP mode 

16C54A-20 

Voo: 3.0V to 6.25V 
100:. 1.7mAtyp~ats:5V 

IPO: 0.25 µA typ; at 3.0V 
WOT dis 

Fre : 4 MHz max. 
Voo: 3.0V to 6.25V ·. . 
100: L7 mA fyp. at s:sv 
IPD: 0.25 µA typ. at 3.0V 

WDTdis_. 
Fieq: 4 MHz max. 
Voo: 4.5V to 5.5V 
loo: 16 mA max. at 5.5V 
IPO; 4 µA max. at 3.0V 

WOT dis 
Freq: 20 MHz max. 

Do not use in LP mode 

16LC54A-04 

Voo:: 2.5V to 6.2sv· 
loo: _0.5 mAlyp. at 5.5V 
1PO:. 0.25 µAtyp. at 2.5V 

WDTdis 
Freq: 2 MHz max: 

Voo: · 2.5V to 6.25V 
too: 0.5 mA typ. at 5.5V 
_lPO: 0.25 µA typ. at 2.5V 

WOT dis 
Freq: 2 Ml:lz max: 

Do notuse in HS mbde 

Voo: 2.5V to 6.25V 
loo: 27 µA max. at 32kHz, 

2.5V 
IPO: 4 µA max. at 2.5V 

WDTdis 
Freq: 200 kHz max. 

The shaded sections indicate oscillator selections which are tested for functionality, but not for MIN/MAX specifications. It is 
recommended that the user select the device type that guarantees the specifications required. 
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TABLE 9-2: DC CHARACTERISTICS: PIC16C54A-04 (COMMERCIAL, INDUSTRIAL) 

Standard Operating Conditions (unless otherwise stated) 

DC CHARACTERISTICS 
Operating temperature -40°C :o; TA :o; +125°C for automotive, 

POWER SUPPLY PINS 
-40°C :o; TA :o; +85°C for industrial and 
0°C :o; TA :o; +70°C for commercial 

Operating voltage: Voo = 4.0V to 6.0V 

Characteristic Sym Min ~ Max Units Conditions 

Supply Voltage Voo 3.0 - 6.25 v XT, RC and LP osc configuration 
4.5 5.5 HS osc configuration 

RAM Data Retention 
Voltage (Note 1) VOA 1.5 - - v Device in SLEEP mode 

Voo start voltage to 
guarantee Power-On Reset VPOR - Vss - v See section on Power-On Reset for details 

Voo rise rate to guarantee 
Power-On Reset SVOO 0.05• - - Vims See section on Power-On Reset for details 

Supply Current (Note 2) loo XT and RC options (Note 4) 

- 1.8 2.4 mA Fosc = 4 MHz, Voo = 5.5V 
LP osc option, Commercial 

- 14 µA Fosc = 32 kHz, Voo = 3.0V, WOT disabled 
LP option, Industrial 

17 µA Fosc = 32 kHz, Voo = 3.0V, WOT disabled 

Power Down Current (Note 3) 
WOT enabled IPO - 4 12 µA Voo = 3.0V, Commercial 

- 5 14 µA Voo = 3.0V, Industrial 
WOT disabled - 0.25 4 µA Voo = 3.0V, Commercial 

- 0.3 5 µA Voo = 3.0V, Industrial 

These parameters are characterized but not tested. 
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: This is the limit 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 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 \A:lo, TOCKI = 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. 

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 \1:>o and Vss. 

4: 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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TABLE 9-3: DC CHARACTERISTICS: PIC16C54A-10 (COMMERCIAL, INDUSTRIAL) 
PIC16C54A-20 (COMMERCIAL, INDUSTRIAL) 

Standard Operating Conditions (unless otherwise stated) 

DC CHARACTERISTICS 
Operating temperature -40°C s TA s +125°C for automotive, 

POWER SUPPLY PINS 
-40°C s TA s +85"C for industrial and 
o·c s TA s; +70"C for commercial 

Operating voltage Voo = 4.0V to 6.0V 

Characteristic ~m Min 1YQ1. Max Units Conditions 
Supply Voltage Voo 3.0 - 6.25 v XT, RC and LP options 

4.5 5.5 HS option 
-----'----

RAM Data Retention 
Voltage (Note 2) VOA 1.5 - - v Device in SLEEP mode 

Voo start voltage to 
guarantee Power-On Reset VPOA - Vss - v See section on Power-On Reset for details 

Voo rise rate to guarantee 
Power-On Reset Svoo 0.05* - - Vims See section on Power-On Reset for details 

Supply Current (Note 1) loo XT and RC options (Note 4) 

- 1.7 3.3 mA Fosc = 4 MHz, Voo = 5.5V 
HS option 

- 2.4 8 mA Fosc = 10 kHz, Voo = 5.5V 
4.5 16 mA Fosc = 20 MHz, Voo = 5.5V 

Power Down Current (Note 3) IPO 
WDTenabled - 4 12 µA Voo = 3.0V, Commercial 

- 5 14 µA Voo = 3.0V, Industrial 
WDT disabled - 0.25 4 µA Voo = 3.0V, Commercial 

- 0.3 5 µA Voo = 3.0V, Industrial 

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. 
Note 1: This is the limit 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 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 \A:>o, TOCKI = 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. 

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 \t>o and Vss. 

4: RC mode does not include current through Rext. The current through the resistor can be estimated by the 
formula: 
IA = Voo/2Rext (mA) with Rext in kOhm. 
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TABLE 9-4: DC CHARACTERISTICS: PIC16LC54A·04 (COMMERCIAL, INDUSTRIAL) 

Standard Operating Conditions (unless otherwise stated) 

DC CHARACTERISTICS 
Operating temperature -4o·c ::; TA::; +125°C for automotive, 

POWER SUPPLY PINS 
-4o·c ::; TA::; +85°C for industrial and 
o·c ::; TA::; +70°C for commercial 

Operating voltage Voo = 4.0V to 6.0V 

Characteristic ~m Min l"mt Max Units Conditions 

Supply Voltage Voo 2.5 - 6.25 v XT, RC and LP options 

RAM Data Retention 
Voltage (Note 2) VDR 1.5 - - v Device in SLEEP mode 

Voo start voltage to 
guarantee Power-On Reset VPOR - Vss - v See section on Power-On Reset for details 

Voo rise rate to guarantee 
Power-On Reset SVDD 0.05* - - Vims See section on Power-On Reset for details 

Supply Current (Note 1) IDD XT and RC options (Note 4) 
- 0.5 mA Fosc = 2 MHz, VDD = 5.5V 

LP option, Commercial 
- 11 27 µA Fosc = 32 kHz, Voo = 2.5V WDT disabled 

LP option, Industrial 
14 35 µA Fosc = 32 kHz, VDD = 2.5V WDT disabled 

Power Down Current (Note 3) IPD 
WDTenabled - 2.5 12 µA Voo = 2.5V, Commercial 

- 3.5 14 µA Voo = 2.5V, Industrial 
WDT disabled - 0.25 4 µA Voo = 2.5V, Commercial 

- 0.3 5 µA Voo = 2.5V, Industrial 

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. 
Note 1: This is the limit 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 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 \A:lo, TOCKI = 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. 

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 \t>o and Vss. 

4: 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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TABLE 9-5: DC CHARACTERISTICS: PIC16C54A-04 {COMMERCIAL, INDUSTRIAL) 
PIC16LC54A-04 {COMMERCIAL, INDUSTRIAL) 
PIC16C54A-10 {COMMERCIAL, INDUSTRIAL) 
PIC16C54A-20 (COMMERCIAL, INDUSTRIAL) 

Standard Operating Conditions (unless otherwise stated) 

DC CHARACTERISTICS 
Operating temperature -40'C s TA s +125'C for automotive, 

POWER SUPPLY PINS 
-40'C s TA s +85'C for industrial and 
o·c s TA s +70'C for commercial 

Operating voltage Voo = 4.0V to 6.0V 

Characteristic ~m Min T¥ltl_ Max Units Conditions 

Input Low Voltage 
110 ports VIL Vss 0.2 Voo v Pin at hi-impedance 
MCLR Vss 0.15 VDD v 
TOCKI Vss 0.15 VDD v 
OSC1 Vss 0.15 VDD v RC option only (Note 4) 
OSC1 Vss 0.3 VDD v XT, HS and LP options 

Input High Voltage 
1/0 ports VIH 02Voo+1V VDD v For all Voo (Note 5) 

2.0 Voo v 4.0V < VDD $ 5.5V (Note 5) 
MCLR 0.BEi Voo VDD v 
TOCKI O.BEi Voo VDD v 
OSC1 O.BEi Voo VDD v RC option only (Note 4) 
OSC1 0.7Voo VDD v XT, HS and LP options 

Input Leakage Current For VDD $ 5.5V 
(Note3) 
110 ports llL -1 0.5 +1 µA Vss $ VPIN $ Voo 

Pin at hi-impedance 
MCLR -5 µA VPIN = Vss +0.25V (Note 2) 
~ 0.5 +5 µA VPIN = VDD (Note 2) 
TOCKI -3 0.5 +3 µA Vss $ VPIN $ VDD 
OSC1 -3 0.5 +3 µA Vss $ VPIN $ VDD 

XT, HS and LP options 

Output Low Voltage 
1/0 ports VOL 0.6 v IOL = 8. 7 mA, VDD = 4.5V 
OSC2/CLKOUT 
(RC option only) 0.6 v IOL = 1.6 mA, Voo = 4.5V 

Output High Voltage 
110 ports (Note 4) VOH Voo-0.7 v IOH = -5.4 mA, VDD = 4.5V 
OSC2/CLKOUT 
(RC option only) VDD-0.7 v IOH = -1.0 mA, Voo = 4.5V 

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: Total power dissipation as stated under absolute maximum ratings must not be exceeded. 
2: The leakage current on the MCLFWPP 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: In RC oscillator mode, the OSC1/CLKIN pin is a Schmitt Trigger input. Do not drive the PIC16C54A with an 

external clock in RC mode. 
5: The user may use better of the two specifications. 
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9.2 Timing Diagrams and Specifications 

FIGURE 9·1: LOAD CONDITIONS 

Pin ~CL 
l 

Vss 

DS30236A-page 2-148 

CL = 50 pF for all pins except OSC2 
15 pF for OSC2 in XT, HS or 
LP modes when external clock 
is used to drive OSC1. 
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FIGURE 9-2: EXTERNAL CLOCK TIMING 
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' -- 1 --------: 
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CLKOUT 

TABLE 9-6: EXTERNAL CLOCK TIMING REQUIREMENTS 

Parameter Sym Characteristic Min Ty pt Max Units Conditions 
No. 

Fosc External CLKIN Frequency DC - 4 MHz XT and RC osc mode 
(Note 1) DC - 4 MHz HS osc mode (PIC16C5XA-04) 

DC - 10 MHz HS osc mode (PIC16C5XA-10) 

DC - 20 MHz HS osc mode (PIC16C5XA-20) 

DC - 200 kHz LP osc mode 

Oscillator Frequency DC - 4 MHz RCoscmode 
(Note 1) 0.1 - 4 MHz XTosc mode 

4 - 4 MHz HS osc mode (PIC16C5XA-04) 

4 - 10 MHz HS osc mode (PIC16C5XA-10) 

4 - 20 MHz HS osc mode (PIC16C5XA-20) 

5 - 200 kHz LP oscmode 

1 Tosc External CLKIN Period 250 - - ns XT and RC osc mode 
(Note 1) 250 - - ns HS osc mode (PIC16C5XA-04) 

100 - - ns HS osc mode (PIC16C5XA-10) 

50 - - ns HS osc mode (PIC16C5XA-20) 

5.0 - - µs LP osc mode 

Oscillator Period 250 - - ns RC osc mode 
(Note 1) 250 - 10,000 ns XTosc mode 

250 - 250 ns HS osc mode (PIC16C5XA-04) 

100 - 250 ns HS osc mode (PIC16C5XA-10) 

50 - 250 ns HS osc mode (PIC16C5XA-20) 

5 - 200 µs LP osc mode 

2 Tcv Instruction Cycle Time (Note 1) 1.0 - DC µs 

3 Tosl, TosH Clock in (OSC1) Low or High Time 50 - - ns XToscillator 

2.5 - - µs LP oscillator 

10 - - ns HS oscillator 

4 TosR, TosF Clock in (OSC1) Rise or Fall Time 25 - - ns XToscillator 

50 - - ns LP oscillator 

15 - - ns HS oscillator 

t Data 1n 'Typ' column 1s at 5V, 25"C unless otherwise stated. These parameters are for design guidance only 
and are not tested. 

Note 1: Instruction cycle period (Tcv) 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 expected current consumption. All devices are tested to operate at "min." values with an external 
clock applied to the OSC1/CLKIN pin. 
When an external clock input is used, the "Max." cycle time limit is "DC' (no clock) for all devices. 
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FIGURE 9-3: CLKOUT AND 1/0 TIMING 
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Note: All tests must be done with specified capacitive loads (see datasheet) 50 pF on 1/0 pins and CLKOUT. 

TABLE 9-7: CLKOUT AND 1/0 TIMING REQUIREMENTS 

Parameter Sym Characteristic Min Ty pt Max Units Conditions 
No. 

10 TosH2ckL OSC1 i to CLKOUT J, - 15 30 ns Note 1 

11 TosH2ckH OSC1 i to CLKOUTi - 15 30 ns Note 1 

12 TckR CL.KOUT rise time - 5 15 ns Note 1 

13 TckF CLKOUT fall time - 5 15 ns Note 1 

14 Tckl.2ioV CLKOUT J, to Port out valid - - 0.5 Tcv+20 ns Note 1 

15 TioV2ckH Port in valid before CLKOUTi 0.25 TCY+25 - - ns Note 1 

16 TckH2iol Port in hold after CLKOUTi 0 - - ns Note 1 

17 TosH2ioV OSC1 i (01 cycle) to Port out valid - - 80 - 100 ns Note 2 

18 TosH2iol OSC1 i (02 cycle) to Port input invalid 
(1/0 in hold time) TBD - - ns 

19 TioV2osH Port input valid to OSC1i 
(1/0 in setup time) TBD - - ns 

20 TioR Port output rise time - 10 25 ns Note2 

21 TioF Port output fall time - 10 25 ns Note2 

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. 
Note 1: Measurements are taken in RC Mode where CLKOUT output is 4 x Tosc. 

2: See Figure 9-1 for loading conditions. 
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FIGURE 9-4: RESET, WATCHDOG TIMER, AND DEVICE RESET TIMER TIMING 
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Note 1: 1/0 pins must be taken out of hi-impedance mode by enabling the output drivers in software. 

TABLE 9-8: RESET, WATCHDOG TIMER, AND DEVICE RESETTIMER 

Parameter 
No. Sym Characteristic Min Typt Max Units Conditions 

30 TmcL MCLR Pulse Width (low) 100 - - ns Voo = 5V, -40"C to +125"C 

31 Twdt Watchdog Timer Timeout Period 9* 18 30* ms VOo = 5V, -40"C to + 125"C 

(No Prescaler) 

32 TORT Device Reset Timer Period 9* 18* 30* ms Voo = 5V, -40"C to + 125"C 

34 Tioz 1/0 Hi-impedance from MCLR Low 
or WOT timeout 100 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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FIGURE 9-5: TIMERO CLOCK TIMINGS 
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TABLE 9-9: TIMERO CLOCK REQUIREMENTS 

Parameter Sym Characteristic Min Ty pt Max Units Conditions 
No. 

40 TtOH TOCKI High Pulse Width No Prescaler 0.5 TCY + 20• - - ns 

With Prescaler 10· - - ns 

41 Ttol TOCKI low Pulse Width No Prescaler 0.5 Tcv + 20· - - ns 

With Prescaler 10· - - ns 

42 TtOP TOCKI Period ~· - - ns N = prescale value 
N (1, 2, 4, .... 256) 

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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10.0 ELECTRICAL CHARACTERISTICS FOR PIC16CR57A 

10.1 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 .................................................................................................................. 0 to +7.5V 

Voltage on MCLR with respect to Vss .............................................................................................................. O to + 14V 

Voltage on all other pins with respect to Vss ................................................................................... -0.6V to (I/Do+ 0.6V) 

Total power dissipation (Note 1) ............................................................................................................................ 800 mW 

Max. current out of Vss pin •................................................................................................................................... 150 mA 

Max. current into Voo pin ....................................................................................................................................... 100 mA 

Max. current into an input pin (TOCK! only) ...................................................................................................................... :1500 µA 

Input clamp current, l1K (VI< O or VI > Voo) ...................................................................................................................... :120 mA 

Output clamp current, IOK (VO < O or VO> Voo) ............................................................................................................... :120 mA 

Max. output current sunk 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 

PORTA .............................................................................................................................................................. 50mA 

PORTS or C .................................................................................................................................................... 100 mA 

Max. Output Current sunk by a single 1/0 port 

PORTA .............................................................................................................................................................. 50mA 

PORTS or C .................................................................................................................................................... 100 mA 

Note 1: Total power dissipation should not exceed 800 mW for the package. Power dissipation is calculated as fol
lows: 

Pdis = Voo x {loo - I loH} +I {(Voo-VoH) x IOH} + I(VOL x loL) 

NQ"]"IPE:·.stressEis#ve tfiose•.listed ·uncier•.!MaiJmllrr\Rat1n9s••maY:C4use·.petrt1~enf dajllageto the aevic;e: 
. · .. if> astres$ rating _OIJIY and f~ncli0f1}11Pperation of tile device at tflo$e ?rany other p:>n9itions above tnO$e i[ldi; 

~te(j.JIJ<the .· operatio11. listlrgs of this specification is not ifTlpUect E~poiiureJom1~iQQ,um •rating .• conditi?!ls.for 
extEinded periOds may affect device reliability. . . . . . . • . . . . . . . 
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TABLE 10·1: CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS 
AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES) 

osc 
RC 

XT 

HS 

LP 

16CR57A-04 

Voo: 2.5 V to 6.25 V 
loo: 3.3 mA Max at 5.5 V 
IPO: 9 µA max. at 3.0V 

WDTdis 
Freq: 4 MHz max. 

Voo: 2.5V to 6.25V 
loo: 3.3 mA max. at 5.5V 
IPo: 9 µA max. at 3.0V 

WDTdis 

16CR57A-10 16CR57A-20 16LCR57 A-04 

32 µA max. at 32 kHz, 
2.5V 
9 µA max. at 2.5V 
WDTdis 

The shaded sections indicate oscillator selections which are tested for functionality, but not for MIN/MAX specifications. It is recom
mended that the user select the device type that guarantees the specifications required. 

DS30236A-page 2-154 © 1995 Microchip Technology Inc. 



Enhanced PIC16C5X 

TABLE 10-2: DC CHARACTERISTICS: PIC16CR57A-04 (COMMERCIAL, INDUSTRIAL) 
PIC16CR57A-10 (COMMERCIAL, INDUSTRIAL) 
PIC16CR57A-20 (COMMERCIAL, INDUSTRIAL) 

Standard Operating Conditions (unless otherwise stated) 

DC CHARACTERISTICS 
Operating temperature -40'C ~TA~ +125'C for automotive, 

POWER SUPPLY PINS 
-40'C ~TA~ +85'C for industrial and 
o·c ~TA~ +70'C for commercial 

Operating voltage: Voo = 4.0V to 6.0V 

Characteristic Sym Min Tm.t Max Units Conditions 

Supply Voltage VDD 2.5 - 6.25 v XT, RC and LP osc configuration 
4.5 5.5 v HS osc configuration 

RAM Data Retention VOA 1.5 - - v Device in SLEEP mode 
Voltage (Note 1) 

Voo start voltage to VPOR - Vss - v See section on Power-On Reset for details 
guarantee Power-On Reset 

Voo rise rate to guarantee SVOO 0.05* - - Vims See section on Power-On Reset for details 
Power-On Reset 

Supply Current (Note 2) loo XT and RC options (Note 4) 

1.8 3.3 mA Fosc = 4 MHz, Voo = 5.5V 
HS option 

4.8 10 mA Fosc = 10 MHz, Voo = 5.5V 
9.0 20 mA Fosc = 20 MHz, Voo = 5.5V 

LP osc option, Commercial 

15 32 µA Fosc = 32 kHz, Voo = 3.0V, WDT disabled 
LP option, Industrial 

19 40 µA Fosc = 32 kHz, Voo = 3.0V, WDT disabled 

Power Down Current (Note 3) IPO 
WDTenabled - 4 12 µA Voo = 3.0V, Commercial 

- 5 14 µA Voo = 3.0V, Industrial 
WDT disabled - 0.6 9 µA Voo = 3.0V, Commercial 

- 0.8 12 µA Voo = 3.0V, Industrial 

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. 
Note 1: This is the limit 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 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 vtm, TOCKI = 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. 

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 \bo and Vss. 

4: RC mode does not include current through Rex!. The current through the resistor can be estimated by the 
formula: 
IA = Voo/2Rext (mA) with Rex! in kOhm. 
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TABLE 10-3: DC CHARACTERISTICS: PIC16LCR57A-04 (COMMERCIAL, INDUSTRIAL) 

Standard Qperatlng Conditions (unless otherwise stated) 

DC CHARACTERISTICS 
Operating temperature -4o·c ::; TA::; +125°Cfor automotive, 

POWER SUPPLY PINS 
-4o·c ::; TA::; +as·c for industrial and 
o·c ::; TA ::; +1o·c for commercial 

Operating voltage: Voo = 4.0V to 6.0V 

Characteristic Sym Min Tm1" Max Units Conditions 

Supply Voltage Voo 2.5 - 6;25 v xt, RC and LP osc configuration 

RAM Data Retention VOA 1.5 - - v Device in SLEEP mode 
Voltage (Note 1) 

Voo start voltage to VPOA - Vss - v See section on Power-On Reset for details 
guarantee Power-On Reset 

Voo rise rate to guarantee Svoo 0.05* - - Vims See section on Power-On Reset for details 
Power-On Reset I 
Supply Current (Note 2) loo XT and RC options (Note 4) 

1.8 3.3 mA Fosc = 4 MHz, Voo = 5.5V 
LP osc option, Commercial 

15 32 µA Fosc = 32 kHz, Voo = 2.5V, WDT disabled 
LP option, Industrial 

19 40 µA Fosc = 32 kHz, Voo = 2.5V, WOT disabled 

Power Down Current (Note 3) 
WOT enabled IPO - 4 12 µA Voo = 2.5V, Commercial 

- 5 14 µA Voo = 2.5V, Industrial 
WOT disabled - 0.6 9 µA Voo = 2.5V, Commercial 

- 0.8 12 µA Voo = 2.5V, Industrial 

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. 
Note 1: This is the limit 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 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 \bo, TOCKI = Voo, 
~ = 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. 

3: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the pait in SLEEP mode, with all 110 pins in hHmpedance state and tied to \t>o and Vss. 

4: RC mode does not include current through Rext. The current through the resistor can be estimated by the 
formula: 
IA= Voo/2Rext (mA) with Rext in kOhm. 
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TABLE 10-4: DC CHARACTERISTICS: PIC16CR57A-04 (COMMERCIAL, INDUSTRIAL) 

DC CHARACTERISTICS 
POWER SUPPLY PINS 

Characteristic Sym 

Input Low Voltage 
1/0 ports VIL 
MCLR 
TOCKI 
OSC1 
OSC1 

Input High Voltage 
1/0 ports 

MCLR 
TOCKI 
OSC1 
OSC1 

Input Leakage Current 
(Note 3) 
1/0 ports llL 

MCLR 
MCCR 
TOCKI 
OSC1 

Output Low Voltage 
1/0 ports VOL 
OSC2/CLKOUT 
(RC option only) 

Output High Voltage 
1/0 ports (Note 4) VOH 
OSC2/CLKOUT 
(RC option only) 

PIC16LCR57 A-04 (COMMERCIAL, INDUSTRIAL) 
PIC16CR57A-10 (COMMERCIAL, INDUSTRIAL) 
PIC16CR57A-20 (COMMERCIAL, INDUSTRIAL) 

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 = 4.0V to 6.0V 

Min Ty pt Max Units Conditions 

Vss 0.2 Voo v Pin at hi-impedance 
Vss 0.15 Voo v 
Vss 0.15 Voo v 
Vss 0.15 Vc:io v RC option only (Note 4) 
Vss 0.3 Voo v XT, HS and LP options 

0.45VOO VDD v For all Voo (Note 5) 
2.0 Voo v 4.0V < Voo :;; 5.5V (Note 5) 

0.36Voo Voo v VDD> 5.5V 
0.85Voo Voo v 
0.85Voo Voo v RC option only (Note 4) 
0.85VDD Voo v XT, HS and LP options 
0.7Voo Voo v 

For VDD :;; 5.SV 

-1 0.5 +1 µA Vss :;; VPIN :;; Voo 
Pin at hi-impedance 

-5 µA VPIN = Vss +0.25V (Note 2) 
0.5 +5 µA VPIN = Voo (Note 2) 

-3 0.5 +3 µA Vss :;; VPIN :;; Voo 
-3 0.5 +3 µA Vss :;; VPIN :;; Voo 

XT, HS and LP options 

0.6 v IOL = 8.7 mA, Voo = 4.5V 

0.6 v IOL = 1.6 mA, VDD = 4.5V 

Voo-0.7 v IOH = -5.4 mA, VDD = 4.5V 

Voo-0.7 v IOH = -1.0 mA, Voo = 4.5V 

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: Total power dissipation as stated under absolute maximum ratings must not be exceeded. 
2: The leakage current on the MCL'FVVPP 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: In RC oscillator mode, the OSC1/CLKIN pin is a Schmitt Trigger input. Do not drive the PIC16C54A with an 

external clock in RC mode. 
5: The user may use better of the two specifications. 
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10.2 Timing Diagrams and Specifications 

FIGURE 10-1: LOAD CONDITIONS 

Pin IV'l--
IQI ..L CL 

l 
Vss 

DS30236A-page 2-158 

CL = 50 pF for all pins except OSC2 
15 pF for OSC2 in XT, HS or 
LP modes when external clock 
is used to drive OSC1. 
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FIGURE 10-2: EXTERNAL CLOCK TIMING 

Q4 Q1 Q2 Q3 Q4 Q1 

OSC1 

·-a., :.a~ 
' ' ' 

CLKOUT 

TABLE 10-5: EXTERNAL CLOCK TIMING REQUIREMENTS 

Parameter Sym Characteristic Min Typt Max Units Conditions 
No. 

Fosc External CLKIN Frequency DC - 4 MHz XT and RC osc mode 
(Note 1) DC - 4 MHz HS osc mode (PIC16C5XA-04) 

DC - 10 MHz HS osc mode (PIC16C5XA-10) 

DC - 20 MHz HS osc mode (PIC16C5XA-20) 

DC - 200 kHz LPoscmode 

Oscillator Frequency DC - 4 MHz RCoscmode 
(Note1) 0.1 - 4 MHz XToscmode 

4 - 4 MHz HS osc mode (PIC16C5XA-04) 

4 - 10 MHz HS osc mode (PIC16C5XA-10) 

4 - 20 MHz HS osc mode (PIC16C5XA-20) 

5 - 200 kHz LPoscmpde 

1 Tosc External CLKIN Period 250 - - ns XT and RC osc mode 
(Note 1) 250 - - ns HS osc mode (PIC16C5XA-04) 

100 - - ns HS osc mode (PIC16C5XA-10) 

50 - - ns HS osc mode (PIC16C5XA-20) 

5.0 - - µs LPoscmode 

Oscillator Period 250 - - ns RCoscmode 
(Note 1) 250 - 10,000 ns XTosc mode 

250 - 250 ns HS osc mode (PIC16C5XA-04) 

100 - 250 ns HS osc mode (PIC16C5XA-10) 

50 - 250 ns HS osc mode (PIC16C5XA-20) 

5 - 200 µs LPosc mode 

2 Tcv Instruction Cycle Time (Note 1) 1.0 - DC µs 
3 Tosl, TosH Clock in (OSC1) Low or High Time 50 - - ns XToscillator 

2.5 - - µs LP oscillator 

10 - - ns HS oscillator 

4 TosR, TosF Clock in (OSC1) Rise or Fall Time 25 - - ns XToscillator 

50 - - ns LP oscillator 

15 - - ns HS oscillator 

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: Instruction cycle period (Tcv) 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 expected current con
sumption. All devices are tested to operate at "min." values with an external clock applied to the OSC1/CLKIN pin. 
When an external clock input is used, the "Max." cycle lime limn is "DC" (no clock) for all devices. 
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FIGURE 10-3: CLKOUT AND l/OTIMING 

OSC1 

CLKOUT 

VO Pin 
(input) 

l/OPin 
(output) 

Q4 01 

' ' 

: :.........; 10 

old value 

-. :--20,21 

'. 
'. ' . . '' .. ' 

Q2 03 

new value 

Note: All tests must be done with specified capacitive loads (see datasheet) 50 pF on 1/0 pins and CLKOUT. 

TABLE 1D-6: CLKOUT AND l/OTIMING REQUIREMENTS 

Parameter 
No. Sym Characteristic Min TYP1' Max Units Conditions 

10 TosH2ckL OSC1 t to CLKOUT .j. - 15 30 ns Note 1 

11 TosH2ckH OSC1 t to CLKOUTt - 15 30 ns Note 1 

12 TckR CLKOUT rise lime - 5 15 ns Note 1 

13 TckF CLKOUT fall time - 5 15 ns Note 1 

14 Tckl2ioV CLKOUT .j. to Port out valid - - 0.5TCV+20 ns Note 1 

15 TioV2ckH Port in valid before CLKOuTt 0.25TCY+25 - - ns Note 1 

16 TckH2iol Port in hold after CLKOUTt 0 - - ns Note 1 

17 TosH2ioV OSC1 t (01 cycle) to Port out valid - - 80-100 ns Note2 

18 TosH2iol OSC1 t (02 cycle) to Port input invalid 
(1/0 in hold time) TBD - - ns 

19 TioV2osH Port input valid to OSC1 t (1/0 in setup 
time) TBD - - ns 

20 TioR Port output rise time - 10 25 ns Note2 

21 TioF Port output fall time - 10 25 ns Note2 

These parameters are charactenzed but not tested. 
t Data in "Typ' column is at 5V, 25"C unless otherwise stated. These parameters are for design guidanc':e only and are not 

tested. 
Note 1: Measurements are taken in RC Mode where CLKOUT output is 4 x Tosc. 

2: See Figure 10-1 for loading conditions. 
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FIGURE 10-4: RESET,WATCHDOGTIMER,AND DEVICE RESETTIMERTIMING 

Voo 

y \ I 
Internal 

POR 

1"'4-30 ___.,, 
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1imeout 

Internal 
RESET 
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' ' 

~ 

31 :-

-. 34 :----~:----"'--{(t=>-c·: 34 : 
l/Opin ------+<.'.< )>- ) 
(Note 1) ~------~-

Note 1: 1/0 pins must be taken out of hi-impedance mode by enabling the output drivers in software. 

TABLE 10-7: RESET, WATCHDOG TIMER, AND DEVICE RESETTIMER 

Parameter Sym Characteristic Min Typt Max Units Conditions 
No. 

30 Tmcl MCCR Pulse Wid1h (low) 100 - - ns Voo = sv, -40"C to +125"C 

31 Twd1 Watchdog 1imer 1imeout Period 9• 18 30• ms Voo = sv, -40"C to +12s·c 

(No Prescaler) 

~ TORT Device Reset 1imer Period '9• 18* 30* ms Voo = sv, -40"C to + 12s·c 

34 T1oz 1/0 Hi-impedance from~ Low 100 ns 

These parameters are characterized but not tested. 
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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FIGURE 10-5: TIMERO CLOCK TIMINGS 

TOCKI 
__ ! 

. .....__ 40 ____..: :.-.- 41 _..,.. 

42 --------

TABLE 10-8: TIMERO CLOCK REQUIREMENTS 

Parameter 
No. Sym Characteristic Min Ty pt Max Units Conditions 

40 TtOH TOCKI High Pulse Width No Prescaler 0.5 Tcv+ 20* - - ns 

With Prescaler ' 10· - - ns 

41 TtOL TOCKI Low Pulse Width No Prescaler 0.5 TCY+20* - - ns 

With Prescaler 10* - - ns 

42 TtOP TOCKI Period IQl.±.All* - - ns N = prescale value 
N (1, 2, 4, ... , 256) . 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. 

DS30236A-page 2-162 © 1995 Microchip Technology Inc. 



Enhanced PIC16C5X 

11.0 ELECTRICAL CHARACTERISTICS FOR PIC16C58A/CR58A 

11.1 Absolute Maximum Ratingst 

Ambient temperature Under Bias........................................................................................................... - 55 ·c to + 125"C 

Storage temperature .............................................................................................................................. - 65"C to +150"C 

Voltage on Voe with respect to Vss .................................................................................................................. o to +7.5V 

Voltage on MCCFI with respect to Vss .............................................................................................................. o to + 14V 

Voltage on all other pins with respect to Vss ................................................................................... -0.6V to (Vt>o + 0.6V) 

Total power dissipation (Note 1 ) ............................................................................................................................ 800 mW 

Max. current out of Vss pin .................................................................................................................................... 150 mA 

Max. current into Voe pin ....................................................................................................................................... 100 mA 

Max. current into an input pin (TOCKI only) ...................................................................................................................... ±500 µA 

Input clamp current, ltK (VI < 0 or VI > Voe) ...................................................................................................................... ±20 mA 

Output clamp current, loK (VO < o or VO > Voe) ............................................................................................................... ±20 mA 

Max. output current sunk 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 

PORTA .............................................................................................................................................................. 50mA 

PORTB ........................................................................................................................................................... 100 mA 

Max. Output Current sunk by a single 1/0 port 

PORTA .............................................................................................................................................................. 50mA 

PORTB ........................................................................................................................................................... 100 mA 

Note 1: Total power dissipation should not exceed 800 mW for the package. Power dissipation is calculated as fol
lows: 

Pdis = Voe x {loo - ~ IOH} + ~ {(Voo-VOH) x IOH} + ~(VOL x IOL) 
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TABLE 11-1: CROSS REFERENCE OF DEVICE SPECS FOR.OSCILLATOR CONFIGURATIONS 
AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES) 

OSC 16C58A-04 

RC Voo: 3.0V to 6.25V 
loo: 2.5 mA max. at 5.5V 
IPO: 4 µA max. at 3.0V 

WDTdis 
Freq: 4 MHz max. 

XT Voo: 3.0V to 6.25V 
loo: 2.5 mA max. at 5.5V 
IPO: 4 µA max. at 3.0V 

WDTdis 
Fre : 4 MHz max. 

28 µA max. at 32 kHz, 
2.5V 
4 µA max. at 2.5V 
WDTdis 

Freq: 200 kHz max. 

The shaded sections indicate oscillator selections which are tested for functionality, but not for MIN/MAX specifications. It is recom
mended that the user select the device type that guarantees the specifications required. 

TABLE 11-2: CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS 
AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES) CON'T 

OSC 16CR58A·04 

RC Voo: 3.0V to 6.25V 
loo: 2.5 mA max. at 5.5V 
IPO: 4 µA max. at 3.0V 

WDTdis 
Freq: 4 MHz max. 

XT Voo: 3.0V to 6.25V 
loo: 2.5 mA max. at 5.5V 
IPo: 4 µA max. at 3.0V 

WDTdis 

4 µA max. at 2.5V 
WDTdis 

Freq: 200 kHz max. 

The shaded sections indicate oscillator selections which are tested for functionality, but not for MIN/MAX specifications. It is recom
mended that the user select the device type that guarantees the specifications required. 

DS30236A-page 2-164 © 1995 Microchip Technology Inc. 



Enhanced PIC16C5X 

TABLE 11·3: DC CHARACTERISTICS: PIC16C58A-04 (COMMERCIAL, INDUSTRIAL) 
PIC16CR58A-04 (COMMERCIAL, INDUSTRIAL) 

Standard Operating Conditions (unless otherwise stated) 

DC CHARACTERISTICS 
Operating temperature -40"C s TA s +125°C for automotive, 

POWER SUPPLY PINS 
-40"C s TA s +85"C for industrial and 
o·c s TA s +70"C for commercial 

Operating voltage: VDD = 4.0V to 6.0V 

Characteristic Sym Min mr Max Units Conditions 

Supply Voltage VDD 3.0 - 6.25 v XT, RC and LP osc configuration 

RAM Data Retention VDR 1.5 - - v Device in SLEEP mode 
Voltage (Note 1) 

VDD start voltage to VPOR - Vss - v See section on Power-On Reset for details 
guarantee Power-On Reset 

VDD rise rate to guarantee SVDD 0.05* - - Vims See section on Power-On Reset for details 
Power-On Reset 

Supply Current (Note 2) IDD XT and RC options (Note 4) 

1.9 2.5 mA Fosc = 4 MHz, VDD = 5.5V 
LP osc option, Commercial 

15 µA Fosc = 32 kHz, VDD = 3.0V, WOT disabled 
LP option, Industrial 

18 µA Fosc = 32 kHz, VDD = 3.0V, WOT disabled 

Power Down Current (Note 3) IPD 
WOT enabled - 4 12 µA VDD = 3.0V, Commercial 

- 5 14 µA VDD = 3.0V, Industrial 
WOT disabled - 0.25 4 µA VDD = 3.0V, Commercial 

- 0.3 5 µA VDD = 3.0V, Industrial 

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. 
Note 1: This is the limit to which VDD 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 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 IDD measurements in active operation mode are: 
OSC1=external square wave, from rail to rail; all 1/0 pins tristated, pulled to \Ibo, TOCKI = VDD, 
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. 

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 \.t>D and Vss. 

4: RC mode does not include current through Rext. The current through the resistor can be estimated by the 
formula: 
IA = Voo/2Rext (mA) with Rext in kOhm. 
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TABLE 11-4: DC CHARACTERISTICS: PIC16C58A-10 (COMMERCIAL, INDUSTRIAL) 
PIC16C58A-20 (COMMERCIAL, INDUSTRIAL) 
PIC16CR58A-10 (COMMERCIAL, INDUSTRIAL) 
PIC16CR58A-20 (COMMERCIAL, INDUSTRIAL) 

Standard Operating Conditions (unless otherwise stated) 

DC CHARACTERISTICS 
Operating temperature -40°C :;; TA:> +125"C for automotive, 

POWER SUPPLY PINS 
,4o·c :;; TA:> +85°C for industrial and 
o·c :;; TA:> +70°C for commercial 

Operating voltage: Voo = 4.0V to 6.0V 

Characteristic Sym Min Typt Max Units Conditions 

Supply Voltage Voo 3.0 - 6.25 v XT, RC and LP osc configuration 
4.5 5.5 HS osc configuration 

RAM Data Retention 
Voltage (Note 1) VOR 1.5 - - v Device in SLEEP mode 

Voo start voltage to 
guarantee Power-On Reset VPOR - Vss - v See section on Power-On Reset for details 

Voo rise rate to guarantee 
Power-On Reset Svoo 0.05* - - Vims See section on Power-On Reset for details 

Supply Current (Note 2) loo XT and RC options (Note 4) 
1.8 mA Fosc = 4 MHz, Voo = 5.5V 

HS option 
2.5 8 mA Fosc = 10 MHz, Voo = 5.5V 
4.7 17 mA Fosc = 20 MHz, Voo = 5.5V 

Power Down Current (Note 3) IPO 
WDTenabled - 4 12 µA Voo = 3.0V, Commercial 

- 5 14 µA Voo = 3.0V, Industrial 
WDT disabled - 0.25 4 µA Voo = 3.0V, Commercial 

- 0.3 5 µA voo = 3.0V, Industrial 

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. 
Note 1: This is the limit 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 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 \A:lo, TOCK!= 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. 

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 \bo and Vss. 

4: 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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TABLE 11-5: DC CHARACTERISTICS: PIC16LC58A-04 (COMMERCIAL, INDUSTRIAL) 
PIC16LCR58A-04 (COMMERCIAL, INDUSTRIAL) 

Standard Operating Conditions (unless otherwise stated) 

DC CHARACTERISTICS Operating temperature -40°C $TA$ +125"C for automotive, 

POWER SUPPLY PINS 
-40°C $TA$ +85"C for industrial and 
o·c $TA$ +70°C for commercial 

Operating voltage: Voo = 4.0V to 6.0V 

Characteristic Sym Min ~ Max Units Conditions 

Supply Voltage VDD 2.5 - 6.25 v XT, RC and LP osc configuration 
RAM Data Retention 
Voltage (Note 1) VDR 1.5 - - v Device in SLEEP mode 

Voo start voltage to 
guarantee Power-On Reset VPOR - Vss - v See section on Power-On Reset for details 

Voo rise rate to guarantee 
Power-On Reset Svoo 0.05* - - Vims See section on Power-On Reset for details 

Supply Current (Note 2) IDD XT and RC options (Note 4) 
0.5 mA Fosc = 2 MHz, Voo = 5.5V 

LP option, Commercial 
12 28 µA Fosc = 32 kHz, Voo = 2.5V, WOT disabled 

LP option, Industrial 
15 37 µA Fosc = 32 kHz, Voo = 2.5V, WOT disabled 

Power Down Current (Note 3) IPD 
WOT enabled - 2.5 12 µA Voo = 2.5V, Commercial 

- 3.5 14 µA VDD = 2.5V, Industrial 
WOT disabled - 0.25 4 µA Voo = 2.5V, Commercial 

- 0.3 5 µA Voo = 2.5V, Industrial 

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. 
Note 1: This is the limit 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 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 Vtlo, TOCKI = 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. 

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 Vtlo and Vss. 

4: 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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TABLE 11·6: DC CHARACTERISTICS: PIC16C58A-04 {COMMERCIAL, INDUSTRIAL) 

DC CHARACTERISTICS 
POWER SUPPLY PINS 

Characteristic ~m 
Input Low Voltage 
110 ports VIL 
MCLR 
TOCKI 
OSC1 
OSC1 

Input High Voltage 
l/Oports 

MCLR 
TOCKI 
OSC1 
OSC1 

Input Leakage Current 
(Note 3) 
110 ports llL 

MCLR 
MCLR 
TOCKI 
OSC1 

Output Low Voltage 
110 ports VOL 
OSC2/CLKOUT 
(RC option only) 

Output High Voltage 
1/0 ports (Note 4) VOH 
OSC2/CLKOUT 
(RC option only) 

PIC16LC58A-04 {COMMERCIAL, INDUSTRIAL) 
PIC16C58A-10 {COMMERCIAL, INDUSTRIAL) 
PIC16C58A-20 {COMMERCIAL, INDUSTRIAL) 
PIC16CR58A-04 (COMMERCIAL, INDUSTRIAL) 
PIC16LCR58A-04 (COMMERCIAL, INDUSTRIAL) 
PIC16CR58A-10 (COMMERCIAL, INDUSTRIAL) 
PIC16CR58A-20 {COMMERCIAL, INDUSTRIAL) 

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 = 4.0V to 6.0V 

Min Tu'ltl_ Max Units Conditions 

Vss 0.2 Voo v Pin at hi-impedance 
Vss 0.15 Voo v 
Vss 0.15 Voo v 
Vss 0.15 Voo v RC option only (Note 4) 
Vss 0.3 Voo v XT, HS and LP options 

0.45VDD Voo v For all Voo (Note 5) 
2.0 Voo v 4.0V < Voo:> 5.5V (Note 5) 

0.36VDD VDD v VDD> 5.5V 
0.85VDD Voo v 
0.85VDD Voo v RC option only (Note 4) 
0.85VDD Voo v XT, HS and LP options 
0.7Voo Voo v 

For VDD :> 5.5V 

-1 0.5 +1 µA Vss:;; VPIN:;; Voo 
Pin at hi-impedance 

-5 µA VPIN = Vss +0.25V (Note 2) 
0.5 +5 µA VPIN = VDD (Note 2) 

-3 0.5 +3 µA Vss $ VPIN $ Voo 
-3 0.5 +3 µA Vss $ VPIN $ Voo 

XT, HS and LP options 

0.6 v IOL = 8.7 mA, Voo = 4.5V 

0.6 v IOL = 1.6 mA, VDD = 4.5V 

Voo-0.7 v IOH = -5.4 mA, VDD = 4.5V 

Voo-0.7 v IOH = -1.0 mA, Voo = 4.5V 

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: Total power dissipation as stated under absolute maximum ratings must not be exceeded. 
2: The leakage current on the MCLFWPP 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: In RC oscillator mode, the OSC1/CLKIN pin is a Schmitt Trigger input. Do not drive the PIC16C54A with an 

external clock in RC mode. 
5: The user may use better ol the two specifications. 
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11.2 Timing Diagrams and Specifications 

FIGURE 11-1: LOAD CONDITIONS 

Pin ~CL 
l 

Vss 
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Enhanced PIC16C5X 

CL = 50 pF for all pins except OSC2 
i 5 pF for OSC2 in XT, HS or 
LP modes when external clock 
is used to drive OSC1. 

DS30236A-page 2· 169 

• 



Enhanced PIC16CSX 

FIGURE 11-2: EXTERNAL CLOCKTIMING 
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TABLE 11·7: EXTERNAL CLOCK TIMING REQUIREMENTS 

Parameter Sym Characteristic Min Typt Max Units Conditions 
No. 

Fosc External CLKIN Frequency DC - 4 MHz XT and RC osc mode 
(Note 1) DC - 4 MHz HS osc mode (PIC16C58A-04) 

DC - 10 MHz HS osc mode (PIC16C58A-10) 

DC - 20 MHz HS osc mode (PIC16C58A-20) 

DC - 200 kHz LPosc mode 

Oscillator Frequency DC - 4 MHz RCoscmode 
(Note 1) 0.1 - 4 MHz XToscmode 

4 - 4 MHz HS osc mode (PIC16C58A-04) 

4 - 10 MHz HS osc mode (PIC16C58A-10) 

4 - 20 •. MHz HS osc mode (PIC16C58A-20) 

5 - 200 kHz LP osc mode 

1 Tosc External CLKIN Period 250 - - ns XT and RC osc mode 
(Note 1) 250 - - ns HS osc mode (PIC16C58A-04) 

100 - - ns HS osc mode (PIC16C58A-10) 

50 - - ns HS osc mode (PIC16C58A-20) 

5.0 - - µs LPosc mode 

Oscillator Period 250 - - ns RCoscmode 
(Note 1) 250 - 10,000 ns XTosc mode 

250 - 250 ns HS osc mode (PIC16C58A-04) 

100 - 250 ns HS osc mode (PIC16C58A-10) 

50 - 250 ns HS osc mode (PIC16C58A-20) 

5 - 200 µs LPosc mode 

2 TCY Instruction Cycle Time (Note 1) 0.2 - DC µs 

3 TosL, TosH Clock in (OSC1) Low or High Time 50 - - ns XT oscillator 

2.0 - - µs LP oscillator 

20 - - ns HS oscillator 

4 TosR, TosF Clock in (OSC1) Rise or Fall Time 25 - - ns XToscillator 

50 - - ns LP oscillator 

25 - - ns HS oscillator 

t Data in "Typ" column 1s at 5V, 25 C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 

Note 1: Instruction cycle period (Tcv) equals four times the input oscillator lime-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 expected current 
consumption. All devices are tested to operate at "min." values with an external clock applied to the OSC1/CLKIN pin. 
When an external clock input is used, the "Max." cycle time limit is "DC" (no clock) for all devices. 
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FIGURE 11-3: CLKOUT AND l/OTIMING 
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CLKOUT 
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Note: All tests must be done with specified capacitive loads (see datasheet) 50 pF on 1/0 pins and CLKOUT. 

TABLE 11-8: CLKOUT AND l/OTIMING REQUIREMENTS 

Parameter 
No. Sym Characteristic Min Typt Max Units Conditions 

10 TosH2ckL OSC1 t to CLKOUT ,J.. - 15 30 ns Note 1 

11 TosH2ckH OSC1 t to CLKOUTI - 15 30 ns Note 1 

12 TckR CLKOUT rise lime - 5 15 ns Note 1 

13 TckF CLKOUT fall lime - 5 15 ns Note 1 

14 Tckl2ioV CLKOUT ,J.. to Port out valid - - 0.5TCY+20 ns Note 1 

15 TioV2ckH Port in valid before CLKOUTt 0.25TCY+25 - - ns Note 1 

16 TckH2iol Port in hold after CLKOUTI 0 - - ns Note 1 

17 TosH2ioV OSC1 t (01 cycle) to Port out valid - - 80-100 ns Note2 

18 TosH2iol OSC1 t (02 cycle) to Port input invalid 
(1/0 in hold lime) TBD - - ns 

19 TioV2osH Port input valid to OSC1 t 
(1/0 in setup lime) TBD - - ns 

20 TioR Port output rise time - 10 25 ns Note2 

21 TioF Port output fall time - 10 25 ns Note2 

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. 
Note 1: Measurements are taken in RC Mode where CLKOUT output is 4 x Tosc. 

2: See Figure 11-1 for loading conditions. 
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FIGURE 11-4: RESET, WATCHDOG TIMER, AND DEVICE RESETTIMERTIMING 
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Note 1: 110 pins must be taken out of hi-impedance mode by enabling the output drivers in software. 

TABLE 11-9: RESET,WATCHDOGTIMER,AND DEVICE RESETTIMER 

Parameter 
No. Sym Characteristic Min Typt Max Units Conditions 

30 Tmcl MCLR Pulse Width (low) 100 - - ns voo = sv, -4o·c to + 12s·c 
(PIC16C58A) 

1 - - ns voo = sv, -4o·c to + 12s·c 
(PIC16CR58A) 

31 Twdt Watchdog Timer Timeout Period 9* 18 30* ms VDD = 5V, -40"C to +125"C 

(No Prescaler) 

32 TORI Device Reset Timer Period 9* 18* 30* ms VDD = 5V, -40"C to + 12s·c 

34 Tioz 1/0 Hi-impedance from MCLR Low 100 ns 

These parameters are characterized but not tested. 
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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FIGURE 11-5: TIMERO CLOCK TIMINGS 

TOCK! \ I ' .~-----~, ' 

,.....___ 40 -------...: ,..,...__ 41 _......, 

42 

TABLE 11-10: TIMERO CLOCK REQUIREMENTS 

Parameter 
No. Sym Characteristic Min Ty pt Max Units Conditions 

40 TIOH TOCK! High Pulse Width No Prescaler 0.5 TCY + 20* - - ns 

With Prescaler 10· - - ns 

41 TtOL TOCK! Low Pulse Width No Prescaler 0.5 Tcv + 20· - - ns 

With Prescaler 10· - - ns 

42 TIOP TOCK! Period Tcv + 40* - - ns N = prescale value 
N (1, 2, 4, ... , 256) 

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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NOTES: 
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12.0 DC AND AC CHARACTERISTICS 
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 \A:>o 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 summary 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 + 3J) and (mean - 3a) 
respectively where a is standard deviation. 

FIGURE 12-1: TYPICAL RC OSCILLATOR FREQUENCY vs. TEMPERATURE 

I Fosc Frequency normalized to +25°C /\ 
Fosc (25°C) 

1.10 

1.02 

1.00 

0.98 

0.96 

0.94 

0.92 

0.90 

0.88 

TABLE 12-1: 

300 pF 

0 

3.3k 

5k 

10k 

100k 

3.3k 

5k 

10k 

100k 

3.3k 

5.k 

10k 

160k 
The frequencies are measured on DIP packages. 

40 50 

Average 
Fosc @ 5V, 25°C 

4.973 MHz ±27% 

3.82 MHz ±21% 

2.22 MHz ±21% 

262.15 kHz ±31% 

1.63 MHz ±13% 

1.19 MHz ±13% 

684.64 kHz ±18% 

71.56 kHz ±25% 

660.0 kHz ±10% 

484.1 kHz ±14% 

267.63 kHz ±15% 

29.44 kHz ±19% 

The percentage variation indicated here is part to part variation due to normal process distribution. The variation indicated is ±3 stan
dard deviation from average value for Voo = 5V. 
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FIGURE 12-2: TYPICAL RC OSCILLATOR 
FREQUENCY vs. Voo 
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FIGURE 12-3: TYPICAL RC OSCILLATOR 
FREQUENCY vs. Voo 
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FIGURE 12-5: TYPICAL IPD vs. VDD 
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FIGURE 12-7: TYPICAL IPD vs. VDD 
WATCHDOG ENABLED 25°C 
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IPD, with WDT enabled, has two components: 
The leakage current which increases with higher temperature, 
and the operating current of the WDT logic which increases 
with lower temperature. At -40°C, the latter dominates 
explaining the apparently anomalous behavior. 
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FIGURE 12-9: VTH {INPUTTHRESHOLD VOLTAGE) OF 1/0 PINS vs. Voo 
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FIGURE 12-10: VIH, VIL OF MC"l"R, TOCKI AND OSC1 (IN RC MODE) vs.~o ~ "7 

4.0 ~5•G)~ 
M ~~~ ~ ~ 

\j\\\~~~ 
~ 3.0 if>oG ~ sf>•G) 
~ 2 5 \I~ ~9 ..-1 ~ >J,o0 G_\o_--+------1 
5 . ~r--2~(\s,l 

~ ::: ~ ----r-- 4'v1H'~~p2sfd- V I~ max(-40•Cto8S•C) 
~ -6. 'h ~.zt_ ,'S~' 

1.0 """~ "-.,. '\.,.!: 
0.5 L>. ~ D,. ~ 

0.0 _s. ~ ..6. p 
VIL min (-4o•c to as•C)---1 

i l 
2.5 ~-0 ~~'~ .0 4.5 

". A VDD (Volts) 
·Note: These input pins have S mi ~nput b rs. 

5.0 5.5 6.0 

FIGURE 12-11: VTH~t1:.H~~DVOLTAGE) OF 1/0 PINS vs. Voo 
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FIGURE 12-12: TYPICAL IDD vs. FREQUENCY (EXTERNAL CLOCK 25°C) 
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FIGURE 12-13: MAXIMUM IDD vs. FREQUENCY (E~);LA0Ci7-40°c TO +85°C) 
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FIGURE 12-14: MAXIMUM loo vs. FREQUENCY (EXTERNAL CLOCK-55°C TO +125°C) 
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FIGURE 12-17: TRANSCONDUCTANCE (gm) 
OF LP OSCILLATOR vs. Voo 
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FIGURE 12-18: IOH vs. VOH, Voo = 3V 
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FIGURE 12-19: TRANSCONDUCTANCE (gm) 
OF XT OSCILLATOR vs. Voo 
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FIGURE 12-21: loL vs. VOL, VDD = 3V 
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FIGURE 12-22: IOL vs. VOL, Voo = SV 
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13.0 DEVELOPMENT SUPPORT 

13.1 DevelopmentTools 

The PIC16/17 microcontrollers are supported with a full 
range of hardware and software development tools: 

• PICMASTER® Real-Time In-Circuit Emulator 

• PRO MATETM Universal Programmer 

• PICSTART® Low-Cost Prototype Programmer 

• PICDEM·1 Low-Cost Demonstration Board 

• PICDEM-2 Low-Cost Demonstration Board 

• MPASM Assembler 

• MPSIM Software Simulator 

• C Compiler (MP-C) 

• Fuzzy logic development system 
(fuzzyTECH®-MP) 

13.2 PICMASTER: High Performance 
Universal In-Circuit Emulator 

The PICMASTER Universal In-Circuit Emulator is 
intended to provide the product development engineer 
with a complete microcontroller design tool set for all 
microcontrollers in the PIC16C5X, PIC16CXX and 
PIC17CXX families. A PICMASTER System configura
tion is shown in Figure 13-1. 

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 386 (and better) machines in the Microsoft 
Windows™ 3.x environment. Thus, allowing the opera
tor access to a wide range of supporting software and 
accessories. 

Enhanced PIC16C5X 

The PICMASTER has been designed as a real-time 
emulation system with advanced features that are gen
erally found on more expensive development tools. The 
AT platfonn and Windows 3.x environment was chosen 
to best make these features available to you, the end 
user. 

The PICMASTER Universal Emulator 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 operating system allows the devel
oper to take full advantage of the many powerful fea
tures and functions of the PICMASTER system. 

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

PC-Host Emulation Control software takes full advan
tage of Dynamic Data Exchange (DOE), a feature of 
Windows 3.x. 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 be run simultaneously from the same PC mak
ing development of multi-microcontroller systems 
possible (e.g., a system containing a PIC16CXX pro
cessor and a PIC17CXX processor). 

The PICMASTER probes specifications are shown in 
Table 13-1. 

FIGURE 13-1: PICMASTER SYSTEM CONFIGURATION 
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D c:::::J 
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© 1995 Microchip Technology Inc. 

n- ine 
Power Supply 

(Optional) 

Power Connector 

PC-Interface 

PICMASTER Emulator Pod 

< 90-250VAC 

Logic Probes 

DS30236A-page 2-183 

• 



Enhanced PIC16C5X 

TABLE 13-1: PICMASTER PROBE SPECIFICATION 

PROBE 

PICMASTER Probe Devices Supported Maximum Operating 
Frequency Voltage 

PROBE-16B PIC16C71 10 MHz 4.5V-5.5V 

PROBE-16C PIC16C84 10 MHz 4.5V-5.5V 

PROBE-160 PIC16C54, PIC16C54A, PIC16CR54, PIC16C55, 20 MHz 4.5V-5.5V 
PIC16C56, PIC16C57, PIC16CR57A, PIC16C58A, and 
PIC16CR58A 

PROBE-16E PIC16C64 10 MHz 4.5V-5.5V 

PROBE-16F PIC16C65*, PIC16C73 and PIC16C74 10 MHz 4.5V-5.5V 

PROBE-16G PIC16C61 10 MHz 4.5V-5.5V 

PROBE-16H PIC16C620, PIC16C621 and PIC16C622 10 MHz 4.5V-5.5V 

PROBE-17A PIC17C42 16 MHz 4.5V-5.5V 
* PROBE-16F indirectly supports the PIC16C65. 
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13.3 PRO MATE: Universal Programmer 

The PRO MATE Universal Programmer is a full-fea
tured 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 bits in this 
mode. 

In PC-hosted mode, the PRO MATE connects to the PC 
via one of the COM (RS-232) ports. 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 
selection 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 and blank check can be 
issued from the screen. Additionally, serial program
ming support is possible where each part is pro
grammed with a different serial number, sequential or 
random. 

The PRO MATE has a modular "programming socket 
module". Different socket modules are required for dif
ferent processor types and/or package types. 

PRO MATE supports all PIC16C5X, PIC16CXX and 
PIC17CXX processors. 

13.4 PICSTART Low-Cost Development 
System 

The PICSTART programmer 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. PICSTART is not recommended for pro
duction programming. 

© 1995 Microchip Technology Inc. 
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13.5 PICDEM-1 Low-Cost PIC16/17 
Demonstration Board 

The PICDEM-1 is a simple board which demonstrates 
the capabilities of several of Microchip's microcontrol
lers. The microcontrollers supported are: PIC16C5X 
(PIC16C54 to PIC16C58A), PIC16C61, PIC16C62X, 
PIC16C71, PIC16C84 and PIC17C42. All necessary 
hardware and software is included to run basic demo 
programs. The users can program the sample micro
controllers provided with the PICDEM-1 board, on a 
PRO MATE or PICSTART-16B programmer, ar:d 
easily test firmware. The user can also connect the 
PICDEM-1 board to the PICMASTER emulator and 
download the firmware to the emulator for testing. 
Additional prototype area is available for the user to 
build some additional hardware and connect it to the 
microcontroller socket(s). Some of the features include 
an RS-232 interface, a potentiometer for simulated 
analog input, push-button switches and eight LEDs 
connected to PORTB. 

13.6 PICDEM-2 Low-Cost PIC16CXX 
Demonstration Board 

The PICDEM-2 is a simple demonstration board that 
supports the PIC16C63, PIC16C64, PIC16C65, 
PIC16C73 and PIC16C74 microcontrollers. All the 
necessary hardware and software is included to 
run the basic demonstration programs. The user 
can program the sample microcontrollers provided 
with the PICDEM-2 board, on a PRO MATE pro
grammer or PICSTART-16C, and easily test fimiware. 
The PICMASTER emulator may also be used with the 
PICDEM-2 board to test firmware. Additional prototype 
area has been provided to the user for adding addi
tional hardware and connecting it to the microcontroller 
socket(s). Some of the features include a RS-232 inter
face, push-button switches, a potentiometer for simu
lated analog input, a Serial EEPROM to demonstrate 
usage of the 12C bus and separate headers for connec
tion to an LCD module and a keypad. 
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13.7 Assembler (MPASM) 

The MPASM Cross Assembler is a PC-hosted symbolic 
assembler. It supports all microcontroller series includ
ing the PIC16C5X, PIC16CXX, and PIC17CXX fami
lies. 

MPASM offers full 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 Microchip 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 

• Produces all the files (Object, Listing, Symbol, 
and special) required for symbolic debug with 
Microchip's emulator systems. 

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

MPASM provides a full feature directive language rep
resented by four basic classes of directives: 

• Data Directives are those that control the alloca
tion of memory and provide a way to refer to data 
items symbolically, i.e., 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 condition
ally assembled code. 

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

13.8 Software Simulator (MPSIM) 

The MPSIM Software Simulator allows code develop
ment in a PC host environment. It allows the user to 
simulate the PIC16/17 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 

TABLE 13-2: DEVELOPMENT SYSTEM PACKAGES 

Item Name 

radix can be set by the user and the execution can be 
performed in; single step, execute until break, or in a 
trace mode. MPSIM fully supports symbolic debugging 
using MP-C and MPASM. The Software Simulator 
offers the low cost flexibility to develop and debug code 
outside of the laboratory environment making it an 
excellent multi-project software development tool. 

13.9 C Compiler (MP-C) 

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 
(emulator software versions 1.13 and later). 

The MP-C Code Development System is supplied 
directly by Byte Craft Limited of Waterloo, Ontario, Can
ada. If you have any questions, please. contact your 
regional Microchip FAE or Microchip technical support 
personnel at (602) 786-7627. 

13.10 Fuzzv Logic Development System 
tfuyyTECH-MP) 

fuzzyTECH-MP fuzzy logic development tool is avail
able in two versions - a low cost introductory version, 
MP Explorer, for designers to gain a comprehensive 
working knowledge of fuzzy logic system design; and 
a full-featured version, fuzzyTECH-MP Edition, for 
implementing more complex systems. 

Both versions include Microchip's fuzzyLAB™ demon
stration board for hands-on experience with fuzzy logic 
systems implementation. 

13.11 Development Systems 

For convenience, the development tools are packaged 
into comprehensive systems as listed in Table 13-2. 

System Description 

1. PICMASTER System PICMASTER In-Circuit Emulator, PRO MATE Programmer, Assembler, Soft-
ware Simulator, Samples and your choice of Target Probe. 

2. PICSTART System PICSTART Low-Cost Prototype Programmer, Assembler, Software Simulator 
and Samples. 

3. PRO MATE System PRO MATE Universal Programmer, full featured stand-alone or PC-hosted pro-
grammer, Assembler, Simulator 
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14.0 PACKAGING INFORMATION 

For Package Dimension, 
please refer to the Packaging Section of the Data Book. 
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14.1 Package Marking Information 

18L PDIP Exam le 

MMMMMMMMMMMMXXX 0 MMMMMMMMXXXXXXXX 

~ AABB GAE 

PIC16C54A 0 201/P 

~ 9123 CAA 

18LSOIC 

xxxxxxxx 
xxxxxxxx 

lO_ ~ AABB GAE 

28LSOIC 

MMMMMMMMMMMMMMMMMMXX 
xxxxxxxxxxxxxxxxxxxxxxxx 

lO_ ~ AABB GAE 

28L PDIP (.300 MIL) 

Example 

PIC16C54A 
041/S0218 

[O_~ 9118 CAK 

Example 

PIC16CR57A 
041/S0495 

lo_~ 9051 CAK 

Example 

xxxxxxxxxxxxxxx 0 xxxxxxxxxxxxxxx 
~ AABB GAE 

PIC16CR57A 0 041/P456 

~ 9123 CAA 

28LSSOP 

xxxxxxxxxxxx 
xxxxxxxxxxxx 

lo_~ AABB GAE 

20LSSOP 

xxxxxxxx 
xxxxxxxx 

lO_ ~ AABB GAE 

Legend: MM ... M 
xx ... x 
AA 
BB 
c 

Example 

PIC16CR57A 
201/P784 

lO_ ~ 9225 CAK 

Example 

PIC16C54A 
10/SS 

[O_~ 9051 CAP 

Microchip part number information 
Customer specific information• 
Year code (last 2 digits of calender 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 for microcon1roller 
Mask revision number for EEPROM 
Assembly code of the plant or coun1ry of origin in which 
part was assembled. 

Note: In the event the full Microchip part number cannot 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 .included in QTP price. 
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14.2 Package Marking Information (Cont.) 

28L PDIP (.600 mil) Example 

MMMMMMMMMMMMXXX I PIC16CR57A 
MMMMMMMMXXXXXXXX 04!/P126 

0 xxxxxxxxxxxxxxxxxx 

~ 0 AABB CAE 9042 CAA 
~MICROCHIP ~MICROCHIP 

18LCERDIP 

"' D MMMMMMMM 
u· MMMMMMMM p MICROCHIP AABB CAE 

~ 041/JW D PIC16C54A 

p MICROCHIP 9101 CAA 

Legend: 

Note: 

MM ... M 

xx ... x 
AA 

BB 

c 

Microchip part number information 

Customer specific information• 

Year code (last 2 digits of calender 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 for microcontroller 

Mask revision number for EE PROM 

Assembly code of the plant or country of origin in which 
part was assembled. 

In the event the full Microchip part number cannot 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 included in OTP price. 

© 1995 Microchip Technology Inc. 
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NOTES 
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APPENDIX A: COMPATIBILITY 
To convert code written for PIC16CXX to PIC16C5X, 
the user should take the following steps: 

1. Check the CALL, GOTO instructions or any 
instruction that modifies the PC to determine if 
any program memory page select operations 
(PA2, PA 1, PAO bits) need to be made. 

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. Enm;nate any :;pec:a! ft.metier: :-eg:ster page 
switching. Redefine data variables to reallocate 
them. 

4. Verify all writes to STATUS, OPTION, and FSR 
registers since these have changed. 

5. Change reset vector to proper value for proces
sor used. 

6. Remove any use of the ADDLW and SUBLW 

instructions. 

7. Rewrite any code segments that use interrupts. 

© 1995 Microchip Technology Inc. 

Enhanced PIC16C5X 

APPENDIX B: WHAT'S NEW 
The format of this data sheet has been changed to be 
consistent with other product families. This ensures 
that important topics are covered across all PIC16/17 
families. Here is an overview list of new features: 

• Data Sheet Structure I Outline 

• Addition of PIC16C58A 
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APPENDIX C: WHAT'S CHANGED 
To make software more portable across the different 
PIC16/17 families, the name of several registers and 
control bits have been changed. This is so that control 
bits that do the same function have the same name 
(regardless of processor family) .. Care must still be 
taken, since they may not be in the same special func
tion register. The following shows the register and bit 
names that have been changed: 

REGISTER NAME CHANGES 

I OLDNAME NEW NAME 

RTCC TMRO 

BIT NAME CHANGES 

OLD NAME NEW NAME 

ATS TOGS 

RTE TOSE 

PIN NAME CHANGES 

OLD NAME NEW NAME 

RTCC TOCKI 
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PIC17C42 I 25 I 2K I 232 ITMRO.TMR1. I 2 I 2 I Yes I Yes I 11 I 33 I 4.5-5.5 I 55 140-pin DIP, 44-pin PLCC, 44-pin QFP 
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PIC16C61 20 I 1K I - I 36 I - ITMRO 1-1 - I - I - I - I - I 3 I 13 I 3.0-6.0 I - 118-pin DIP, 18-pin SOIC 

PIC16C62* 20 I 2K I - I 128 I - ITMRO, I 2 I SPl/12c I - I - I - I - I 10 I 22 I 2.5-6.0 I - 128-pin SDIP, 28-pin SOIC 

PIC16C63* 20 4K 

PIC16C64 20 2K 

PIC16C65 20 4K 

PIC16C620* I 20 512' -

PIC16C621 *I 20 1K 

PIC16C622 I 20 2K 

PIC16C71 20 1K • -

PIC16C73 20 4K 

PIC16C74 20 4K 

PIC16C84 10 1K 

192 

128 

192 

80 

80 

128 

36 

192 

192 

36 

TMR1,TMR2 

- •TMRO, 
TMR1, TMR2 

- •TMRO, 
TMR1, TMR2 

-·TMRO, 
TMR1, TMR2 

- •TMRO 

- •TMRO 

-•TMRO 

-•TMRO 

- •TMRO, 
TMR1, TMR2 

- •TMRO, 
TMR1, TMR2 

64 ITMRO 

2 ISPl/12C/• -
SCI 

1 I SPl/12C I Yes 

2 ISPl/12C/I Yes 
SCI 

2 ISPl/12C/• -
SCI 

4ch 

5ch 

2 ISPl/12C/I Yes I 8 ch 
SCI 

'Please contact your local sales office for availability of these devices. 

10 22 3.0-6.0 - •28-pin SDIP, 28-pin SOIC 

8 33 3.0-6.0 - •40-pin DIP, 44-pin PLCC, 44-pin QFP 

11 33 3.0-6.0 - •40-pin DIP, 44-pin PLCC, 44-pin QFP 

2 Yes 4 13 3.0-6.0 I Yes I 18-pin DIP, 18-pin SOIC, 20-pin SSOP 

2 Yes 4 13 3.0-6.0 I Yes I 18-pin DIP, 18-pin SOIC, 20-pin SSOP 

2 Yes 4 13 3.0-6.0 I Yes I 18-pin DIP, 18-pin SOIC, 20-pin SSOP 

4 13 3.0-6.0 - •18-pinDIP,18-pinSOIC 

11 22 3.0-6.0 - •28-pin SDIP, 28-pin SOIC 

12 33 3.0-6.0 - •40-pin DIP, 44-pin PLCC, 44-pin QFP 

4 13 I 2.0-6.0 - •18-pin DIP, 18-pin SOIC 

Note 1: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high 1/0 current capability. 
2: The PIC16CXX Timer1 has its own oscillator circuit and can operate asynchronously to the device. Timer1 can increment while the device is in SLEEP mode. 

This allows a Real Time Clock to be implemented. 
3: PORTB has software-configurable weak pull-ups. 
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PIC16C54 20 512 - 25 TMRO 12 2.5-6.25 33 18-pin DIP, 18-pin SOIC, 20 pin SSOP 

PIC16C54A 20 512 - 25 TMRO 12 2.5·6.25 33 18-pin DIP, 18-pin SOIC, 20 pin SSOP 

PIC16CR54 20 - 512 25 TMRO 12 2.0·6.25 33 18-pin DIP, 18-pin SOIC, 20 pin SSOP 

PIC16C55 20 512 - 25 TMRO 20 2.5-6.25 33 28-pin DIP, 28-pin SOIC, 28 pin SSOP 

PIC16C56 20 1K - 25 TMRO 12 2.5-6.25 33 18-pin DIP, 18-pin SOIC, 20-pin SSOP 

PIC16C57 20 2K - 72 TMRO 20 2.5·6.25 33 28-pin DIP, 28-pin SOIC, 28 pin SSOP 

PIC16CR57A 20 - 2K 72 TMRO 20 2.0-6.25 33 28-pin DIP, 28-pin SOIC, 28 pin SSOP 

PIC16C58A 20 2K - 73 TMRO 12 2.5-6.25 33 18-pin DIP, 18-pin SOIC, 20 pin SSOP 

PIC16CR58A 20 - 2K 73 TMRO 12 2.0-6.25 33 18-pin DIP, 18-pin SOIC, 20 pin SSOP 

Note: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high 1/0 current 
capability. 
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D.1 Pin Compatibility 

Devices that have the same package type; and Voo, 
Vss, and MCLR pin locations, are said to be pin com
patible. This allows these different devices to operate in 
the same socket. Compatible devices may only 
requires minor software modification to allow proper 
operation in the application socket (ex., PIC16C56 and 
PIC16C61 devices). Not all devices in the same pack
age size are pin compatible; for example, the 
PIC16C62 is compatible with the PIC 16C63, but not the 
PIC16C55. 

Pin compatibility does not mean that the devices offer 
the same features. As an example, the PIC16C54 is 
pin compatible with the PIC16C71, but does not have 
an AID converter, weak pull-ups on PORTS, or inter
rupts. 

TABLE D-4: PIN COMPATIBILE DEVICES 

Pin Compatible Devices 

PIC16C61, 
PIC16C620, PIC16C621, PIC16C622, 
PIC16C71, PIC16C84, 
PIC16C54, PIC16C54A, PIC16CR54, 
PIC16C56, PIC16C58A, PIC16CR58A 

PIC16C62, PIC16C63, PIC16C73 

PIC16C55, PIC16C57, PIC16CR57A 

PIC17C42, PIC17C43, PIC17C44 

PIC16C64, PIC16C65, PIC16C74 
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Enhanced PIC16C5X 

CONNECTING TO MICROCHIP BBS 

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 member
ship services, therefore you do not need CompuServe 
membership to join Microchip's BBS. 

There is no charge for connecting to the BBS, except 
toll charge to CompuServe access number, where 
applicable. You do not need to be a CompuServe 
member to take advantage of this connection (You 
never actually log in to CompuServe). 

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 
service allows multiple users at baud rates up to 14400 
bps. 

The following connect procedure applies in most loca
tions: 

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

2. Dial your local CompuServe access number. 

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

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

5. Type MCHIPBBS, depress < ENTER.J > and 
you will be connected 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 9600-14400 baud connection. After the system 
responds with Host Name: , type 

NETWORK, depress< ENTER.J > 
and follow CompuServe's directions. 

For voice information (or calling from overseas), you 
may call (614) 457-1550 for your local CompuServe 
number. 
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Enhanced PIC16C5X 

READER RESPONSE 

It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip prod
uct. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our documentation 
can better serve you, please FAX your comments to the Technical Publications Manager at (602) 786-7578. 

Please list the following information, and use this outline to provide us with your comments about this Data Sheet. 

To: Technical Publications Manager Total Pages Sent __ _ 

RE: Reader Response 

From: Name -------------------------------

Company -----------------------------

Address -----------------------------

City I State I ZIP I Country-----------------------

Telephone: <---~ ___ _ FAX:(_) __ _ 

Application (optional): 

Would you like a reply?_Y _N 

Device: Enhanced PIC16C5X Literature Number: DS30236A 

Questions: 

1. What are the best features of this document? 

2. How does this document meet your hardware and software development needs? 

3. Do you find the organization of this data sheet easy to follow? If not, why? 

4. What additions to the data sheet do you think would enhance the structure and subject? 

5. What deletions from the data sheet could be made without affecting the overall usefullness? 

6. Is there any incorrect or misleading information (what and where)? 

7. How would you improve this document? 

8. How would you improve our software, systems, and silicon products? 
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Enhanced PIC16C5X Product Identification System 
To order or obtain information, e.g., on pricing or delivery refer to the factory or the listed sales office. 

PART NO. ·XX X /XX XXX T ~Patt .. · ern: ,-··' 
'-----1Temperature 

Range: 

Frequency 
'-------iRange: 

QTP, SQTP, ROM Code or Special Requirements 

P PDIP . 
SO SOIC (Gull Wing, 300 mll body) 
SS SSOP 
JW Windowed CERDIP 
SP Skinny SDIP (300 mil) 

0°Cto+70°C 
I -40°C to +B5°C 
E -40°C to +125°C (PIC16C54Aonly) 

04 4 MHz 
10 10 MHz 
20 20 MHz 

Examples 

a) PIC16C54A - 104/p 
301: Commercial 
Temp., PDIP Pack
age, 4 MHz, normal 
Voo limits, QTP pat
tern #301. 

b) PIC16LC58A-041/SO 
Industrial Temp., 
SOIC package, 
4 MHz, extended Voo 
limits 

Device PIC16C5XAT: :Standard Voo range (Tape/Reel) c) PIC16CR57A-10E/ 
P35k: ROM program 
memory, Automotive 
Temp., PDIP pack
age, 10 MHz, normal 
Voo limits. 

Sales and Suoport 

PIC16LC5XA :Extended Voo range 
PIC16CR5XA :ROM Version, Standard Voo range 
PIC16LCR5XA:ROM Version, Standard Voo range 

Products supported by a preliminary Data Sheet may possibly have an enrata 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 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-72n 
3. The Microchip's Bulletin Board, via your local CompuSeive number (CompuSeive membership NOT required). 
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. 

DS30236A-page 2-202 © 1995 Microchip Technology Inc. 



MICROCHIP PIC16C62X 
EPROM-Based 8-Bit CMOS Microcontroller 

Devices included in this data sheet are: 

• PIC16C620 
• PIC16C621 
• PIC16C622 

FEATURES 

High Performance RISC-like CPU 

• Only 35 instructions to learn 
• All single cycle instructions (200ns), except for 

program branches which are two-cycle 
• Operating speed: 

- DC - 20MHz clock input 

- DC - 200ns instruction cycle 

Device Program Data 
Memory Memory 

PIC16C620 512 80 

PIC16C621 1K 80 

PIC16C622 2K 128 

• Interrupt capability 
• 16 special function hardware registers 
• 8 level deep hardware stack 
• Direct, Indirect and relative addressing modes 

Peripheral Features 

• 13 1/0 pins with individual direction control 
• High current sink/source for direct LED drive 
• Analog comparator module with: 

- 2 analog comparators 
- Programmable on-chip voltage reference 

(VREF) module 
Programmable input multiplexing from device 
inputs and internal voltage reference 
Comparator outputs can be output signals 

• TMRO: 8-bit timer/counter with 8-bit programma-
ble prescaler 

Special Microcontroller Features 

• Power-on-reset (POR) 
• Power-up Timer (PWRT) and Oscillator start-up 

timer (OST) 
• Brown-out protection 
• Watchdog timer (WDT) with its own on-chip RC 

oscillator for reliable operation 

PACKAGE TYPE 

j PDIP, SOIC, Windowed CERDIP 

RA2/AN21VREF- - RA1/AN1 
RA3/AN3- - RAO/ANO 

RA4frOCKI---.. -- OSC1/CLKIN 
MCUi -- -- OSC2/CLKOUT 

Vss-- --voo 
RBOnNT .-- - RB7 

RB1 ......- - RB6 
RB2- -RBS 
RB3 - -,__ ___ '-'""" - RB4 

SSOP 

RA2/AN21VREF - - RA1/AN1 
RA3/AN3 - - RAO/ANO 

RA4frOCKI - - OSC1/CLKIN 
MC[fi -- -- OSC2/CLKOU 

Vss-- -- VDD 
Vss-- -- VDD 

RBO/INT - - RB7 
RB1- -RB6 
RB2- -RBS 

R83 - ··~---~- - R84 

Special Microcontroller Features (Continued) 

• Programmable code protection 
• Power saving SLEEP mode 
• Fuse selectable oscillator options 
• Serial in-system programming (via two pins) 
• 4 user programmable ID locations 

CMOS Technology 

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

- 3.0V to 6.0 V 
• Commercial and industrial temperature range 
• Low power consumption 

- < 2 mA @ 5V, 4 MHz 
- 15 µA typical @ 3V, 32 KHz 
- < 1 µA typical standby current @ 3V 
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1.0 GENERAL DESCRIPTION 
The PIC16C62X are 18-Pin EPROM-based members 
of the versatile PIC16CXX family of low-cost, high-per
formance, CMOS, fully-static, 8-bit microcontrollers. 

All PIC16/17 microcontrollers employ an advanced 
RISC-like architecture. The PIC16C62X have 
enhanced core features, eight-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. 

PIC16C62X microcontrollers typically achieve a 2:1 
code compression and a 4:1 speed improvement over 
other 8-bit microcontrollers in its class. 

The PIC16C620 and PIC16C621 have 80 bytes of 
RAM. The PIC16C622 has 128 bytes of RAM. Each 
device has 13 1/0 pins and an 8-bit timer/counter with 
an 8-bit programmable prescaler. In addition, the 
PIC16C62X add two analog comparators with a pro
grammable on-chip voltage reference module. The 
comparator module is ideally suited for applications 
requiring a low-cost analog interface, e.g. battery 
chargers, threshold detectors, white goods controllers 
etc. 

The PIC16C62X have special features to 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 min
imizes 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 lock
up. 

PIC16C62X 

A UV-erasable CERDIP-packaged version is ideal for 
code development while the cost-effective One-Time 
Programmable (OTP) version is suitable for production 
in any volume. 

Table 1-1 shows the features of the PIC16C620, 
PIC16C621 and PIC16C622 as well as the other mem
bers of the PIC16CXX mid-range microcontroller 
family. 

A simplified block diagram of the PIC16C62X is shown 
in Figure 3-1. 

The PIC16C62X series fit perfectly in applications rang
ing from battery chargers to low-power remote sensors. 
The EPROM technology makes customization of appli
cation programs (detection levels, pulse generation, 
timers, 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 performance, ease of use and 1/0 
flexibility make the PIC16C62X very versatile. 

1.1 Family and Upward Compatibility 

Those users familiar with the PIC16C5X family of 
microcontrollers will realize that this is an enhanced 
version of the PIC16C5X architecture. Please refer to 
Appendix A for a detailed list of enhancements. Code 
written for PIC16C5X can be easily ported to 
PIC16C62X family of devices (see Appendix B). 

1.2 Development Support 

The PIC16C62X family is supported by a full-featured 
macro assembler, a software simulator, an in-circuit 
emulator, a low-cost development programmer and a 
full-featured programmer. A "C" compiler and fuzzy 
logic support tools are also available. 
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PIC16C61 20 1K - 36 - TMRO 3 13 3.0-6.0 - 18-pin DIP, 18-pin SOIC 

PIC16C62• 20 2K - 128 - TMRO, I 2 I SPl/12C 10 22 2.5-6.0 - 28-pin SDIP, 28-pin SOIC 
TMR1, TMR2 

PIC16C63• 20 4K - 192 - TMRO, 2 SPl/12C/ 10 I 22 I 3.0-6.0 I - 128-pin SDIP, 28-pin SOIC I 
TMR1, TMR2 SCI 

PIC16C64 20 2K - 128 - TMRO, 1 SPl/12C Yes 8 I 33 I 3.0-6.0 I - \40-pin DIP, 44-pin PLCC, 44-pin QFP I 
TMR1, TMR2 

PIC16C65 20 4K - 192 - TMRO, 121 SPl/12C/ I Yes 
TMR1, TMR2 SCI 

11 I 33 I 3.0-6.0 I - 140-pin DIP, 44-pin PLCC, 44-pin QFP I 

PIC16C71 20 1K - 36 TMRO - - - 4 ch 4 I 13 I 3.0-6.0 18-pin DIP, 18-pin SOIC 

PIC16C73 20 4K - 192 - TMRO, 2 SPl/12C/ - 5 ch 11 I 22 I 3.0-6.0 28-pin SDIP, 28-pin SOIC 
TMR1, TMR2 SCI 

PIC16C74 I 20 I 4K I - 192 - TMRO, 2 SPl/12C/ Yes Sch 12 I 33 I 3.0-6.0 40-pin DIP, 44-pin PLCC, 44-pin QFP 
TMR1, TMR2 SCI 

PIC16C84 I 10 I - I 1K 36 64 TMRO 4 I 13 I 2.0-6.0 18-pin DIP, 18-pin SOIC 

• Please contact your local sales office for availability of these devices. 
Note 1: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high 1/0 current capability. 

2: The PIC16CXX Timer1 has its own oscillator circuit and can operate asynchronously to the device. Timer1 can increment while the device is in SLEEP mode. This allows 
a Real Time Clock to be implemented. 

3: PORTB has software-configurable weak pull-ups. 
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2.0 PIC16C62X 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 in the PIC16C62X Product Identi
fication System section at the end of this data sheet. 
When placing orders, please use this page of the data 
sheet to specify the correct part number. 

2.1 UV Erasable Devices 

fhe UV erasable version, offered in CERDIP package 
is optimal for prototype development and pilot pro
grams. 

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 PIC16C62X. 

2.2 One-Time-Programmable (OTP) 
Devices 

The availability of OTP devices is especially useful for 
customers who need the flexibility for frequent code 
updates and small volume applications. 

The OTP devices, packaged in plastic packages permit 
the user to program them once. In addition to the pro
gram memory, the configuration bits must be pro
grammed. 

PIC16C62X 

2.3 Quick-Turnaround-Production (QTPl 
Devices 

Microchip offers a OTP Programming Service for fac
tory 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 configuration options 
already programmed by the factory. Certain code and 
prototype verification procedures apply before produc
tion shipments are available. Please contact your 
Microchip Technology sales office for more details. 

2.4 Serialized Quick-Turnaround
Production (SQTP6M) Devices 

Microchip offers a unique programming service where 
a few user-defined locations in each device are pro
grammed with different serial numbers. The serial num
bers 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. 

© 1995 Microchip Technology Inc. Preliminary 05302356-page 2-207 

• 



PIC16C62X 

NOTES: 
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3.0 ARCHITECTURAL OVERVIEW 
The high performance of the PIC16C62X family can be 
attributed to a number of architectural features com
monly found in RISC microprocessors. To begin with, 
the PIC16C62X uses a Harvard architecture, in which, 
program and data are accessed from separate memo
ries using separate busses. This improves bandwidth 
over traditional von Neumann architecture where pro
gram 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-bits 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 over
laps fetch and execution of instructions (see 
Example 3-1). Consequently, all instructions (35) exe
cute in a single cycle (200ns @ 20MHz) except for pro
gram branches. 

The PIC16C620 addresses 512 x 14 on-chip program 
memory, all on chip. The PIC16C621 addresses 1K x 
14 program memory, all on-chip. The PIC16C622 
addresses 2K x 14 program memory, also on-chip. Pro
gram execution is in internal memory only for all 
devices. 

The PIC16C62X can directly or indirectly address its 
register files or data memory. All special function regis
ters including the program counter are mapped in the 
data memory. The PIC16C62X have an orthogonal 
(symmetrical) instruction set that 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 
PIC16C62X simple yet efficient. In addition, the learn
ing curve is reduced significantly. 

PIC16C62X 

The PIC16C62X devices contain an 8-bit ALU and 
working register. The ALU is a general purpose arith
metic unit. It performs arithmetic and Boolean functions 
between 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 comple
ment 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 con
stant. 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 and dlgH borrow out bit, respec
tively, 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. 

© 1995 Microchip Technology Inc. Preliminary 05302358-page 2-209 

• 



PIC16C62X 

FIGURE 3-1: PIC16C62X BLOCK DIAGRAM 

EPROM 
Program 
Memory 

512 x 14 (PIC16C620) 
1K x 14 (PIC16C621) 
2K X 14 (PIC16C622) 

Program 
Bus<14> 

Instruction 
Decode & 
Control 

[8J¢::;> Timing 
Generation 

OSC1/ 
CLKIN 
OSC2/ 

CLKOUT 

13 Data Bus <8> 
Program Counter K::===~======;i 

8 Level Stack 
(13 bit) 

Power-up 
Timer 

Oscillator 
Start-up Timer 

Power-on 
Reset 

Watchdog 
Timer 

Brown-Out 
Detect 

MCLR VDD, Vss 

RAM 
File Registers 

80 X 8 (PIC16C620) 
80 x 8 (PIC16C621) 

128 X 8 (PIC16C622) 

t Higher order bits are from STATUS register. 
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Voltage 
Reference 

~ 
TMRO 

LJ 

RAO/ANO 

RA1/AN1 

RA3/AN3 

-t8J TOCKl/RA4 
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TABLE 3-1: PIC16C62X PINOUT DESCRIPTION 

Name 

OSC1/CLKIN 

OSC2/CLKOUT 

MCLRNPP 

RAO/ANO 

RA1/AN1 

RA2/AN2NREF 

RA3/AN3 

RA4/TOCKI 

RBO/INT 

RB1 

RB2 

RB3 

RB4 

RBS 

RB6 

RB7 

Vss 

Voo 

Legend: 

DIP 
SSOP 

SOIC 
No. 

No. 

16 18 

15 17 

4 4 

17 19 

18 20 

1 1 

2 2 

3 3 

6 7 

7 8 

8 9 

9 10 

10 11 

11 12 

12 13 

13 14 

5 5,6 

14 15,16 

0 =output 
-=Not used 

© 1995 Microchip Technology Inc. 

1/0/P 
Type 

I 

0 

l/P 

1/0 

1/0 
1/0 
1/0 
1/0 

1/0 

1/0 
1/0 
1/0 
1/0 
1/0 
1/0 
1/0 
p 

p 

Buffer 
Type 

Description 

ST/CMOS Oscillator crystal inpul/external clock source input. 

- Oscillator crystal output. Connects to crystal or resonator 
in crystal oscillator mode. In RC mode, OSC2 pin outputs 
CLKOUT which has 1/4 the frequency of OSC1, and 
denotes the instruction cycle rate. 

ST Master clear (reset) inpuVprogramming voltage input. 
This pin is an active low reset to the device. 

PORTA is a bidirectional 1/0 port. 

ST Analog comparator input 

ST Analog comparator input 

ST Analog comparator input or VREF output 

ST Analog comparator input /output 

ST Can be selected to be the clock input to the TMRO 
timer/counter or a comparator output. Output is open 
drain type. 

PORTB is a bidirectional 1/0 port. PORTB can be soft-
ware programmed for internal weak pull-up on all inputs. 

ST RBO/INT can also be selected as an external inter-
rupt pin. 

ST 

ST 

ST 

ST Interrupt on change pin. 

ST Interrupt on change pin. 

ST Interrupt on change pin. Serial programming clock. 

ST Interrupt on change pin. Serial programming data. 

- Ground reference for logic and 1/0 pins. 

- Positive supply for logic and 1/0 pins. 

1/0 = input/output 
I= Input 

P =power 
ST = Schmitt trigger input 
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3.1 Clocking Scheme/Instruction Cycle 

The clock input (from OSC1) is internally divided by four 
to generate four non-overlapping quadrature clocks 
namely Q1, Q2, Q3 and Q4. Internally, the program 
counter (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 

01IC12ICBI04 Q1 

OSC1 

Q1 

04 ·~------~ 

3.2 Instruction Flow/Pipelining 

An "Instruction Cycle" consists of four Q 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 (IR)" in cycle Q1. This 
instruction is then decoded and executed during the 
Q2, Q3, and Q4 cycles. Data memory is read during 02 
(operand read) and written during Q4 (destination 
write). 

Cl2 I CB I 04 01 I Cl2 I CB I 04 

~ >----~~----~---~~~---~----~~---~ 
(Program counter) 

OSC2/CLKOUT 

(RC Mode) ~' ---Fetoh--INS=T~P=c------1 
Exeoote INST (f'C.1) Fetch INST (PC+1) 

utel P 

EXAMPLE 3-1: INSTRUCTION PIPELINE FLOW 

l.MOVLW 55h L Fetch 1 l Execute 1 

2.MOVWF PORTB L Fetch 2 Execute 2 

3.CALL SUB_l Fetch 3 

4. BSF PORTA, BIT3 

Exeoote INST (PC+ 1) 

Execute 3 l 
Fetch 4 

l Fetch SUB_1 J 

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 PIC16C62X has a 13-bit program counter capable 
of addressing an SK x 14 program memory space. Only 
the first 512 x 14 (OOOOh - 01 FFh) for the PIC16C620, 
1K x 14 (OOOOh - 03FFh) for the PIC16C621 and the 
first 2K x 14 (OOOOh - 07FFh) for the PIC16C622 are 
physically implemented. Accessing a location above 
these boundaries will cause a wrap-around within the 
first 512 x i4 space (PIC16C620) or iK x i4 space 
(PIC16C621) or2K x 14 space (PIC16C622). The reset 
vector is at OOOOh and the interrupt vector is at 0004h 
(see Figure 4-1, Figure 4-2, Figure 4-3). 

FIGURE 4-1: PROGRAM MEMORY MAP 
AND STACK FOR THE 
PIC16C620 

PC <12:0> 

CALL, RETURN 
RETFIE, RETLW 

Stack Level 2 

• • • 
Stack Level 8 

Reset Vector 

Interrupt Vector 

On·chip 
Program 
Memory 

13 

OOOh 

0004 

0005 

01FFh 

0200h 

1FFFh 

PIC16C62X 

FIGURE 4-2: PROGRAM MEMORY MAP 
AND STACK FOR THE 
PIC16C621 

PC <12:0> 

CALL, RETURN 
RETFIE, RETLW 

Stack Level 2 

• • • 
Stack Level 8 

Reset Vector 

13 

OOOh 

FIGURE 4-3: PROGRAM MEMORY MAP 
AND STACK FOR THE 
PIC16C622 

CALL, RETURN 
RETFIE, RETLW 

Stack Level 2 

• 

13 

Stack:evel d 
Reset Vector 
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4.2 Data Memory Organization 

The data memory (see Figure 4-4 and Figure 4-5) 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 reg
ister is cleared. Bank 1 is selected when the RPO bit in 
the STATUS register is set. The Special Function Reg
isters are located in the first 32 locations of each Bank. 
Register locations 20h-6Fh (Bank 0) on the 
PIC16C620/621 and 20h-7Fh (Bank 0) and AOh-BFh 
(Bank 1) on the PIC16C622 are general purpose regis
ters implemented as static RAM. Some special pur
pose registers are mapped in Bank 1. 

4.2.1 GENERAL PURPOSE REGISTER FILE 

The register file is organized as 80 x 8 in the 
PIC16C620/621 and 128 x 8 in the PIC16C622. Each 
is accessed either directly or indirectly through the file 
select register FSR (see Section 4.4). 
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FIGURE 4-4: DATA MEMORY MAP FOR FIGURE 4-5: DATA MEMORY MAP FOR 
THE PIC16C620/621 THE PIC16C622 

File File 
address address 

00 INDF(•) INDF(•) so 00 INDF(•) INDF(•) so 

01 TMRO OPTION S1 01 TMRO OPTION S1 

02 PCL PCL S2 02 PCL PCL S2 

03 STATUS STATUS S3 03 STATUS STATUS S3 

04 FSR FSR S4 04 FSR FSR S4 
------

05' S5 05 PORTA TRI$ A 85 
----

06 S6 06 S6 

07 S7 07 S7 

• OS SS OS SS 

09 S9 09 S9 

OA SA OA SA 

OB SB OB SB 

oc SC oc sc 

OD SD OD SD 

OE SE OE SE 

OF SF OF SF 

10 90 10 90 

11 91 11 91 

12 92 
12 92 

13 93 
13 93 

14 94 
14 94 

15 95 
15 95 

16 96 
16 96 

17 97 
17 97 

1S 9S 
18 9S 

19 99 
19 99 

1A 9A 
1A 9A 

1B 9B 
1B 9B 

1C 9C 
1C 9C 

10 90 
1D 90 

1E 9E 
1E 9E 

1F CM CON VRCON 9F 
1F 9F 

AO 20 
20 AO 

General General 
Purpose Purpose 
Register Register BF 

6F co 
70 

7F FF 
7F FF 

Banko Bank 1 
Banko Bank 1 Not a physical register 

Not a physical register fill Unimplemented data memory locations; read as 'O's 
E:i Unimplemented data memory locations; read as 'O's 
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4.2.2 SPECIAL FUNCTION REGISTERS 

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. 

The special registers can be classified into two sets. 
The special registers associated with the "core" func
tions are described in this section. Those related to the 
operation of the peripheral features are described in the 
section of that peripheral feature. 

TABLE 4-1: SPECIAL REGISTERS FOR THE PIC16C62X 

Address Name 

Banko 

OOh INDF (indirect 
address) 

01h TMRO 

02h PCL 

03h STATUS 

04h FSA 

Bank1 

80h INDF (indirect 
address) 

81h OPTION 

82h PCL 

83h STATUS 

84h FSA 

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 BilO 

Addressing this location uses conten1s of FSR to address data memory (not a physical 
register) 

TimerO 

c 

Value on 
Power-On 

Reset 

Value on all 
other resets 

(Note 1) 

xxxx xxxx uuuu uuuu 

0000 0000 0000 0000 

0001 lxxx 000? ?uuu 

xxxx xxxx uuuu uuuu 

RAO ---x xxxx ---u uuuu 

Addressing this location uses conten1s of FSA to address da1a memory (not a physical 
register) 

xxxx xxxx uuuu uuuu 

---0 0000 ---0 0000 

0000 OOOx 0000 OOOx 

-0-- -0--

00-- 0000 00-- 0000 

1111 1111 1111 1111 

0000 0000 0000 0000 

C 0001 lxxx 000? ?uuu 

xxxx xxxx uuuu uuuu 

---1 1111 ---1 1111 

1111 1111 1111 1111 

---0 0000 ---0 0000 

0000 OOOx 0000 OOOx 

-0-- -0--

---- --Ox ---- --u? 

000- 0000 000- 0000 

Legend: - =Unimplemented locations. Read as 'O', u =unchanged, x = unknown, ? =value depends on condition 

Note 1: Other (non power-up) resets include NlITF! reset, Brown-out Detect reset and Watchdog Timer time-out during normal 
operation. 
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4.2.2.1 STATUS REGISTER 

The STATUS register, shown in Figure 4-6, contains the 
arithmetic status of the ALU, the RESET status and the 
bank select bits for data memory. 

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 or C bits, then the write to these three bits is dis
abled. These bits are set or cleared according to the 
logic. Furthermore, the TO and PD bits are not writable. 
Therefore, the result of an instruction with the 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 
OOOUU1 UU (where U =-unchanged). 

FIGURE 4-6: STATUS REGISTER 

A/W A/W A/W A A A/W A/W A/W 

[ 1AP l AP1 APoj rn l ]5[j" l z l DC l c J 

PIC16C62X 

It is recommended, therefore, that only BCF, BSF, 

SWAPF and MOVWF instructions are used to alter the sta
tus registers because these instructions do not affect 
any status bit. For other instructions, not affecting any 
status bits, see the "Instruction Set Summary''. 

Register: STATUS A: 
Address: 03h or 83h W: 
POR value: 0001 1XXXb U: 

117 ~ l bitO 

Readable 
Writable 
Unimplemented, 
read as 'O' 

© 1995 Microchip Technology Inc. 
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C: Carry/borrow bit. 
For ADDWF 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 (RAF, 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 polarity is reversed. 

DC: Digit carry/5i:JrFOW bit. 
For ADDWF and ADDLW instructions. 
1 = A carry-out from the 4th low order bit of the result occurred. 
o = No carry~ut 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 logic operation is not zero. 

m: Power down bit 
1 = After power-up or by a CLRWDT command. 
o = By execution of the SLEEP instruction. 

Ta': Time-out bit 
1 = After power-up and by the CLAWDT and SLEEP instruction. 
O = A watchdog timer time-out has occurred. 

RP<1 :0>: Register bank select bits for direct addressing. 

00 = Banko (OOh - 7Fh) 
Ot = Bank 1 (BOh - FFh) 
10 =Bank 2 (100h • 17Fh) 
11 =Bank 3 (180h • 1FFh) 

Each bank is 128 bytes. 
Only the APO bit is used by the PIC16C62X. AP1 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 bank select bits for indirect addressing. 
0 =Bank 0, 1 (OOh - FFh) 
1 =Bank 2,3 (100h - 1 FFh) 

The lRP bit is not used by the PIC16C62X. 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, shown in Figure 4-7, is a read~ 
able and writable register which contains various con
trol bits to configure the TMRO/WDT prescaler, the 
external INT interrupt, TMRO, and the weak pull-ups on 
PORTB. 

FIGURE 4-7: OPTION REGISTER 

R/W R/W R/W R/W R/W R/W R/W R/W Register: OPTION R: Readable 
Address: 81h W: Writable l l'iBl5U l1NTEoc1 Tocsl TOSi:_lPsA l Ps21Ps1 Psoj 

bit7 bitO 
POR value: FFh U: Unimplemented. 

DS30235B-page 2-218 

Read as 'O' 

L:.so PRESCALER VALUE TMRORATE WOT RATE 
PS2 PS1 PSO 

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

0 1 
0 
1 

PSA: Prescaler assignment bit. 
1 = Prescaler assigned to the WOT 
O = Prescaler assigned to TMRO 

·TOSE: TMRO Source Edge. 

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

1 = Increment on high-to-low transition on RA4frOCKI pin 
o = Increment on low-to-high transition on RA4frOCKI pin 

TOCS: TMRO Clock Select. 

1 = Transition on RA4frOCKI pin 
o = Internal instruction cycle clock (CLKOUT) 

INTEDG: Interrupt edge select. 

1 = Interrupt on rising edge of RBO/INT pin 
O = Interrupt on falling edge RBO/INT pin 

RBPU: PortB pull-up enable. 
1 = PortB pull-ups are disabled overriding any port latch value 
O = PortB pull-ups are enabled by individual port-latch values 

1 
2 
4 
8 
16 
32 
64 
128 
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4.2.2.3 INTCON REGISTER 

The INTCON register, shown in Figure 4-8, is a read
able and writable register which contains the various 
enable and flag bits for all interrupt sources except the 
comparator module. See Section 4.2.2.4 and 
Section 4.2.2.5 for a description of the comparator 
enable and flag bits. 

FIGURE 4-8: INTCON REGISTER 

R/W R/W R/W R/W R/W R/W R/W R/W 

l GIE l PEIE lTOIE l INTE l ABIE l TOIF J1NTF l RBIF J 
bit7 rilO 

Register: INTCON A: 
Address: OBh or BBh W: 
POR value: 0000 OOOxb U: 

PIC16C62X 

Readable 
Writable 
Unimplemented, 
read as'O' 

RBIF: RB port change interrupt flag. 
1 =When at least one of the RB<7:4> inputs change. 

Must be cleared by sollware. 
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 sollware. 

o =The INT interrupt did not occur 

TOIF: TMRO overflow interrupt flag. 

1 =The TMRO has overflowed. 
Must be cleared by sollware. 

O = TMRO did not overflow. 

ABIE: RB port change interrupt enable bit 
1 = Enables RBI F 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 
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 individuill enable bit for the 
comparator interrupt. 

FIGURE 4-9: PIE1 REGISTER 

u PJW u u u u u 

I CMIE I 
7 

u 
Register: PIE1 
Address: 8Ch 

bitO POR Value: OOh 

R: Readable 
W: Writable 
U: Unimplemented, 

read as'O' 

I ~---------------- CMIE: Comparator interrupt enable bit. 
1 = Enables CMIF interrupt 

4.2.2.5 PIR1 REGISTER 

This register contains the individual flag bit for the com
parator interrupt. 

FIGURE 4-10: PIR1 REGISTER 

u PJW u u u u u u 

I - I CMIF I - I 
7 bitO 

O = Disables CMIF interrupt 

Register: 
Address: 
PORValue: 

PIR1 
OCh 
OOh 

R: Readable 
W: Writable 
U: Unimplemented, 

read as'O' · 

I ·----------------- CMIF: Comparator interrupt flag. 
1 = Comparator input has changed 
O = Comparator input has not changed 

DS30235B-page 2-220 Preliminary © 1995 Microchip Technology Inc. 



4.2.2.6 PCON REGISTER 

The PCON register, shown in Figure 4-11, contains flag 
bits to differentiate between a Power-on Reset, an 
external~ reset, WOT reset or a Brown-out Detect 
reset. 

FIGURE 4-11: PCON REGISTER 

u u u u u u R/W 

[ - I - I I I-Jl'Ol1I - j - -
7 

PIC16C62X 

R/W 

BO J Register: PCON R: Readable 
Address: 8Eh W: Writable 

bitO POR Value: ---- --O?b U: Unimplemented, 
read as'O' 

~ SO: Brown-out Detect flag 
1 = No Brown-out reset has occurred. 
0 = A Brown-out reset has occurred. 

Software must set this bit after a 
power-on reset has occurred. 

POR: Power-on Reset flag 
1 = No power-on reset has occurred. 
0 = A power-on reset has occurred. 

Software must set this bit after a 
power-on reset condition has occurred. 

Unimplemented. 
Read as 'O'. 
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4.3 PCL and PCLATH 

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 PCLATH 
register. 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 4-12. 

FIGURE 4-12: LOADING OF PC IN 
DIFFERENT SITUATIONS 

PCH PCL 

PCH PCL 

4.3.1 COMPUTED GOTO 

INST wj!h PCL 
..M..dnl 
ALU result 

GOTO CALL 

Opcode <10:0> 

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 8deepx13·bit wide hardware 
stack (see Figure 4-2 and Figure 4-3). 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. PCLATH is not affected by a "PUSH" or a 
"POP" operation. 

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 soon). 
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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 indirect addressing. 

Indirect addressing is possible by using the INDF regis
ter. Any instruction using the INDF register actually 
accesses data pointed to by the file select register 
(FSR). 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 
8-bit FSR register and the IRP bit (STATUS<?>), as 
shown in Figure 4-13. However, IRP is not used in the 
PIC16C62X. 

PIC16C62X 

A simple program to clear RAM location 20h-2Fh using 
indirect addressing is shown in Example 4-1. 

EXAMPLE 4-1: INDIRECT ADDRESSING 

movlw Ox20 ;initialize pointer 

movf FSR ;to RAM 

NEXT clrf INDF ;clear INDF register 

in cf FSR ;inc pointer 

btf ss FSR,4 ;all done? 

goto NEXT ;no clear next 

;yes continue 
CONTINUE: 

FIGURE 4-13: DIRECT/INDIRECT ADDRESSING PIC16C62X 

Direct Addressing 

from opcode 

I I I 
location setect 

Data 
Memory 

01 10 

Banko Bank1 Bank2 

Note: For memory map detail see Figure 4-4 and Figure 4-5. 
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IRP • 
Indirect Addressing 

(FSA) 

I I 
bank select 

11..,; J-·-
00 

..... 1----------

7F 
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NOTES: 
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5.0 1/0 PORTS 
The PIC16C62X have two ports, PORTA and PORTB. 
These port pins may be multiplexed with an alternate 
function for the peripheral features on the dEl\/ice. 

5.1 PORTA and TRISA Registers 

PORTA is a S·bit wide latch. RA4 is a Schmitt trigger 
input and an open drain output. Port RA4 is multiplexed 
with the TOCKI clock input. All other RA port pins have 
Schmitt trigger input levels and full CMOS output driv
ers. All pins have data direction bits (TRIS registers) 
which can configure these pins as input or output. 

A '1' in the TRISA register puts the corresponding out
put driver in a high impedance mode. A 'O' in the TRISA 
register puts the contents of the output latch on the 
selected pin(s). 

Reading the PORTA register reads the status of the 
pins whereas writing to it will write to the port latch. All 
write operations are read-modify-write operations. So a 
write to a port implies that the port pins are first read, 
then this value is modified and written to the port data 
latch. 

The PORTA pins are multiplexed with comparator and 
voltage reference functions. The operation of these pins 
are selected by control bits in the CMCON (comparator 
control register) register and the VRCON (voltage refer
ence control register) register. When selected as a 
comparator input, these pins will read as 'O's. 

FIGURE 5-1: BLOCK DIAGRAM OF 
RA<1:0> PINS 

Data 
bua 

D Q 

'WR Voo 
PORr 

'WR 
TRIS' 

Note: VO pins have protection diodes to VDD and Vss. 

PIC16C62X 

TRISA controls the direction of the RA pins, Ell/en when 
they are being used as comparator inputs. The user 
must make sure to keep the pins configured as inputs 
when using them as comparator inputs. 

The RA2 pin will also function as the output for the volt
age reference. When in this mode, the Vref pin is a very 
high impedance output. The user must configure 
TRISA<2> bit as an input and use high impedance 
loads. 

In one of the comparator modes defined by the 
CMCON register, pins RA3 and RA4 become outputs of 
the comparators. The TRISA<4:3> bits must be set to 
enable outputs to use this function. 

EXAMPLE 5-1: INITIALIZING PORTA 
CLRF PORTA ; Initialize PORTA by setting 

;output data latches 
MOVLW OX07 ;Turn comparators off and 
MOVWF CMCON ;enable pins for I/O 

;functions 
BSF STATUS, RPO ;Select Bankl 
MOVLW OxlF ;Value used to initialize 

;data direction 
MOVWF TRISA ; Set RA<4: 0> as inputs 

;TRISA<7:5> are always 
;read as 1 0 1 • 

FIGURE 5-2: BLOCK DIAGRAM OF RA2 PIN 

Data 
bus 

"WR 
PORT" 

"WR 
TRIS" 

D a 

To Co rator 

VRoe-----...., 

VREF-----~ 

Voo 
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FIGURE 5-3: BLOCK DIAGRAM OF RA3 PIN 

Datii 
bus --e-tD a 
"WR 
PORT'' CK\... QI----'-> 

Data Latch 

D 01--------------'-----' 
"WR 
_T_R_IS~" +-•CK\... Q 

TRIS Latch 

"RD 
TRIS" 

To Comparator 

FIGURE 5-4: BLOCK DIAGRAM OF RA4 PIN 

Data 
bus 
--.--iD a 

Com rator Mode = 11 O 

Comparator Output 
"WR 
PORT'' CK\... 0 t-----. 

Data Latch 

D Q 
"WR 
_TR_l_s·--+--CK\... Q 

.. TRIS Latch 

"RD 
TRISA' 

TMRO clock input 
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TABLE 5-1: PORTA FUNCTIONS 

Name Bit Buffer Function Type 

RAO/ANO bitO ST Input/output or comparator input 

RA1/AN1 bit1 ST Input/output or comparator input 

RA2/AN2/VREF bit2 ST Input/output or comparator input or \/REF output 

RA3/AN3 bit3 ST Input/output or comparator input/output 

RA4/TOCKI bit4 ST Input/output or external clock input for TMRO or comparator output. Out-
put is open drain type. 

Legend: ST = Schmitt Trigger input 

TABLE 5-2: SUMMARY OF PORTA REGISTERS II 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 

0 = output, 1 = input 

CM CON Comparator control register 1Fh 00-- 0000 

configures PORTA pins. 

VRCON Voltage Reference control regis- 9Fh 00-0 0000 

tar configures VREF output on 
RA2. 

Note 1: X = unknown, - = unimplemented, reads as 'O'. 

Note 2: For reset values of registers in other reset situations refer to Table 9-6. 
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5.2 PORTB and TRISB Registers 

PORTB i~ an 8·bit wide bidirectional port. The corre· 
sponding data direction register is TRISB. A '1' in the 
TRISB register puts the corresponding output driver in 
a high impedance mode. A 'O' in the TRISB register 
puts the contents of the output latch on the selected 
pin(s). 

Reading PORTB register reads the status of ·the pins, 
whereas writing to it will write to the port latch. All write 
operations are read-modify-write operations. So a write 
to a port implies that the port pins are first read, then 
this value is modified and written to the port data latch. 

Each of the PORTB pins has a weak internal pull-up 
(-200 µA typical). A single control bit can tum on all the 
pull-ups. This is done by clearing the "FmPU 
(OPTION<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 con
figured 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 5-5: BLOCK DIAGRAM OF 
RB<7:4> PINS 

Set 
RBIF 

Latch 

Voo 

Note 1: TRISB = 1 enables weak pull-up if RPBO = O in 
OPTION register 

2: VO pins have diode protection to voe and Vss 

This interrupt can wake the device up from SLEEP. The 
user, in the interrupt service routine, can clear the inter
rupt in one of two weys: 

a) Disable the interrupt by clearing RBIE 
(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, an~ 
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 inter1ace to a key pad and make it possible for 
wake-up on key-depression. (See AN552 in the Micro
chip Embedded Control HandbooK). 

The interrupt on change fe~ture is recommended for 
wake-up on key depression operation and operations 
where PORTB is only used for the interrupt on change 
feature. Polling of PORTB is not recommended while 
using the interrupt on change feature. 

FIGURE 5-6: BLOCK DIAGRAM OF 
RB<3:0> PINS 

Data Latch 

""o,..ata-,-bu_a __ --i 0 

-::,w=R'="Port-,,-" -+-•CKl 

TRIS Latch 

D Q 

'RD TRIS" 

"RD Port" 

D 

EN 

Voo 

"RD Port" 

Notes: 1. · TRISB = 1 enables wesk pun-up if RaPU = o In 
OPTION register. 

2. 1/0 pins have diode protection to Voo and Vss •. 

DS30235B-page 2c22a Preliminary © 1995 Microchip Technology Inc. 



PIC16C62X 

TABLE 5-3: PORTS FUNCTIONS 

Name Bit Buffer Type Function 

RBO/INT bitO ST lnpuVoutput or external interrupt input. Internal software programmable 
weak pull-up. 

RB1 bit1 ST lnpuVoutput pin. Internal software programmable weak pull-up. 

RB2 bit2 ST lnpuVoutput pin. Internal software programmable weak pull-up. 

RB3 bit3 ST lnpuVoutput pin. Internal software programmable weak pull-up. 

RB4 bit4 ST lnpuVoutput pin (with interrupt on change). Internal software programmable 
weak pull-up. 

RBS bit5 ST lnpuVoutput pin (with interrupt on change). Internal software programmable 
weak pull-up. 

RB6 bit6 ST lnpuVoutput pin (with interrupt on change). Internal software programmable 
weak pull-up. Serial programming clock pin. II 

RB7 bit7 ST lnpuVoutput pin (with interrupt on change). Internal software programmable 
weak pull-up. Serial programming data pin. 

Legend: ST= Schmitt Trigger 

TABLE 5-4: SUMMARY OF PORTS 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 
O = output, 1 = input 

OPTION Weak pull-up on/off control (RBPU bit) 81h 1111 1111 

Legend: x = unknown 

Note: For reset values of registers in other reset situations refer to Table 9-6. 
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5.3 

5.3.1 

VO Programming Considerations 

BIDIRECTIONAL 1/0 PORTS 

Any instruction which writes, operates internally as a 
read followed by a write operation. The BCF and BSF 
instructions, for example, read the register into the 
CPU, execute the bit operation and write 11)9 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 PORTS to be read 
into the CPU. Then the BSF operation takes place on bit 
5 and PORTS is written to the output latches. If another 
bit of PORTS is used asa bidirectional 1/0 pin (e.g., bit 
0) and it is defined as an input at this time, the input sig· 
nal 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 0 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 
instructions (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 5-2 shows the effect of two sequential read 
modify write instructions (ex. BCF, BSF, etc.) on an 1/0 
PORT. 

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 5-7: SUCCESSIVE 1/0 OPERATION 

EXAMPLE 5-2: 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 

BCF PORTB, 7 
BCF PORTB, 6 
BSF STATUS,RPO 
BCF TRI SB, 7 
BCF TRI SB, 6 

PORT latch PORT pins 

; Olpp pppp llpp pppp 
; lOpp pppp llpp pppp 

; lOpp pppp llpp pppp 
; 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 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 5-7). 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 another instruction not 
accessing this 1/0 port. 

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

This example shows write to PORTS followed 
by a read from PORTS. FC ~ FC ~ PC+1 ~ 1 PC+2 ~ PC+3 

Instruction 1 MOVWF PORTS 1 MOVF PORTS, W 1 NOP NOP 
fetched ' Write to Read PORTS 1 

PORTS 

RB <7:0> 1'--------'-------'"""''"------'-------

DS30235B·page 2·230 

I : tPortpin I 

1 , sampled here 1 

TPD~ 1 ..... I 

Execute 
MOVWF 
PORTS 

I 
Execute 
MOVF 

PORTB,W 

Preliminary 

Execute 
NOP 

Note that: 
data setup time= (0.25 Tcv - TPO) 
where TCY= instruction cycle and TPD =prop
agation delay of Q 1 cycle to output valid. 

Therefore, at higher clock frequencies, a write 
followed by a read may be problematic. 
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6.0 TIMERO (TMRO) MODULE 
The TMRO module timer/counter has the following fea
tures: 

• 8-bit timer/counter 

• Readable and writable 

• 8-bit software programmable prescaler 

• Internal or external clock select 

• Interrupt on overflow from FFh to OOh 

• Edge select for external clock 

Figure 6-1 is a simplified block diagram of the TMRO 
module. 

Timer mode is selected by clearing the TOCS bit 
(OPTION<5>). In timer mode, the TMRO module will 
increment every instruction cycle (without prescaler). If 
TMRO is written, the increment is inhibited for the fol
lowing two cycles (see Figure 6-2 and Figure 6-3). The 
user can work around this by writing an adjusted value 
to the TMRO module. 

Counter mode is selected by setting the TOCS 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 the TO source 
edge (TOSE) control bit (OPTION<4>). Clearing the 

FIGURE 6-1: TIME RO (TMRO) BLOCK DIAGRAM 

TOCKI 
pin 

fosc/4 0 

~ Programmable 
Prescaler 

TOSE 

PIC16C62X 

TOSE bit selects the rising edge. Restrictions on the 
external clock input are discussed in detail in 
Section 6.2. 

The prescaler is shared between the TM RO module and 
the watchdog timer. The prescaler assignment is con
trolled in software by the 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 6.3 
details the operation of the prescaler. 

6.1 TIMERO (TMROl 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 clear
ing the TOIE bit (INTCON<5>). The TOIF bit 
(INTCON<2>) must be cleared in software by the TM RO 
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 6-4 forTMRO interrupt timing. 

Data bus 

PS out 8 

Sync with 
Internal TMRO 
clocks 

PSout 
(2 cycle delay) 

SetTOIF 
PS2, PS1,PSO PSA lnterr~ton 

TOCS 

Note 1: Bits, TOSE, TOCS, PS2, PS1, PSO and PSA are located in the OPTION register. 
Note 2: The prescaler is shared with Watchdog Timer (refer to Figure 6-6 for detailed diagram) 

FIGURE 6-2: 

PC 

~~r::r 
Instruction 
Fetch 

TMRO 

Instruction 
Executed 

TIMERO (TMRO)TIMING: INTERNAL CLOCK/NO PRESCALE 

PC-1 PC PC+1 PC+2 PC+3 PC+4 Pc+s 

: MOVWFTMRO: MOVFTMRO,W :MOVFTMRO,W :MOVFTMRO,W :MOVFTMRO,W :MOVFTMRO,W: 

:::rc=::x ro+1 f0+2 Nio Nio NTo Ni0+1 x : 

t t t t t 
WriteTMRO ReadTMRO ReadTMRO Read TMRO AeadTMAO 
executed reads NTO reads NTO reads NTO reads NTO + 1 

Ove low 

PC+6 

NT0+2 
d 

} ' 

t 
ReadTMAO 
reads NTO + 2 
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FIGURE 6-3: TIMERO (TMRO)TIMING: INTERNAL CLOCK/PRESCALE 1:2 

PC 
(Program 
Counter) PC-1 PG PC+1 ?c+2 PG+3 PG+4 Pc+s 

Instruction 
Fetch 

: MOVWFTMRO : MOVFTMRO,W : MOVFTMRO,W : MOVFTMRO,W :MOVFTMAO,W : MOVFTMAO,W : 

TMRO 

Instruction 
Execute 

TO f0+1 

' 

)( 

t 
Wri1eTMRO 
executed 

NTQ 

t t 
ReadTMRO ReadTMRO 
reads NTO reads NTO 

FIGURE 6-4: TIMERO (TMRO) INTERRUPT TIMING 

OSC1 

TMROtimer : FEh ~ FFh x OOh x 
+ (j) tCD 

TOIFbit 
(INTCON<2>) : 

GIEbit 
(INTCON<7>) : 

INSTRUQTION EbO'!Y 

PC ~ PC x PC+1 x PC+1 

Instruction 1 : 
fetched • lnst(PC) Inst (PC+1) 

Instruction 1 : 
executed : Inst (PC-1) lnst(PC) Dummy cycle 

Note 1:TOIF interrupt flag is sampled here (every 01). 
2: Interrupt latency= 4Tcy where Tcy =instruction cycle time. 
3: CLKOUT is available only in RC oscillator mode. 

x: 
t t 

ReadTMRO ReadTMRO 
reads NTO reads NTO 
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~ 0004h ~ 
Inst (0004h) 

Dummy cycle 

PC+6 

Ni0+1 
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6.2 Using TMRO with External Clock 

When an external clock input is used forTMRO, it must 
meet certain requirements. The external clock require
ment is due to internal phase clock (Tosc) synchroni
zation. Also, there is a delay in the actual incrementing 
of TM RO after synchronization. 

6.2.1 EXTERNAL CLOCK SYNCHRONIZATION 

When no prescaler is used, the external clock input is 
the same as the prescaler output. The synchronization 
of TOCK! with the internal phase ciocks is accomplished 
by sampling the prescaler output on the 02 and Q4 
cycles of the internal phase clocks (see Figure 6-5). 
Therefore, it is necessary for TOCK! to be high for at 
least 2Tosc (and a small RC delay of 20ns) and low for 
at least 2Tosc (and a small RC delay of 20ns). Refer to 
the electrical specification of the desired device. 

When a prescaler is used, the external clock input is 
divided by the asynchronous ripple counter-type pres
caler so that the prescaler output is symmetrical. For 
the external clock to meet the sampling requirement, 
the ripple counter must be taken into account. There
fore, it is necessary for TOCK! to have a period of at 
least 4 Tosc (and a small RC delay of 40ns) divided by 
the prescaler value. The only requirement on TOCK! 
high and low time is that they do not violate the mini
mum pulse width requirement of 1 Ons. Refer to param
eters 40, 41 and 42 in the electrical specification of the 
desired device. 

6.2.2 TMRO INCREMENT DELAY 

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 mod
ule is actually incremented. Figure 6-5 shows the delay 
from the external clock edge to the timer incrementing. 

PIC16C62X 

6.3 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 6-6). 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 exclusive between the 
TMRO module and the Watchdog Timer. Thus, a pres· 
caler 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 prescale 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 WDT, a CLRWDT instruction will clear the 
prescaler along with the Watchdog Timer. The pres
caler is not readable or writable. 
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FIGURE 6-5: TIMEROTIMINGWITH EXTERNAL CLOCK 

QI I Q2 I Q3 I Q4 QI I Q2 I Q3 I Q4 QI I Q2 I Q3 I Q4 QI I Q2 I Q3 I Q4 I 
EXT CLOCK INPUT OR Small pulse 

PRESCALER OUT (NOTE 2) misses sampling 

EXTCLOCK/PRESCALER 
OU'IPUT AFIER SAMPLING 

INCREMENT TMRO (Q4) 

Notes: 

I. Delay from clock input change to TMROincrementis 3 lose to 7 tosc. (Duration ofQ = 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 6-6: BLOCK DIAGRAM OF THE TMRO/WDT PRESCALER 

CLKOUT (=Fosc/4) 

~ 
0 

TOCKI 
pin 

TOSE 

Watchdog l--~----l 
timer 

PSA 

WDT Enable bit 

TOCS 

M 

0 
u 
x 

PSA 

8-blt Prescaler 

8 

8-to -1MUX 

0 

WDT 
Time-out 

Note: TOSE, TOCS, PSA, PSO-PS2 are bits in the OPTION register. 

SYNC 
2 

Cycles 

PSO- PS2 

PSA 

(note 3) t 

Data Bus 

8 

TMRO 

SetTOIF 
Interrupt 

on Overflow 
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6.3.1 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 6-1) 
must be executed when changing the prescaler assign
ment from TMRO to WDT. 

EXAMPLE 6-1: CHANGING PRESCALER 
(TMR0-7WDT) 

BCF STATUS, RPO ;Bonk 0 
CLRF TMRO ; Clear '!MRO & Prescaler 
BSF STATUS, RPO ;Bank 1 
CLRWDT ;Clears WDT and 

MOVLW B'xxxxlxxx' ;Select new prescaler 
MOVWF OPTION ;value 
BCF STATUS, RPO;Bank 0 

TABLE 6-1: SUMMARY OFTMRO REGISTERS 

Register Name Function 

TMRO Timer/counter register 

OPTION Configuration and prescaler assign-
ment bits for TMRO. See Figure 6-5. 

INTCON TMRO overflow interrupt flag and 
mask bits. See Figure 6-6 

Legend: x =unknown, - =unimplemented, reads as a 'O'. 

PIC16C62X 

To change prescaler from the WDT to the TMRO mod
ule use the sequence shown in Example 6-2. This pre
caution must be taken even if the WDT is disabled. 

EXAMPLE 6-2: CHANGING PRESCALER 
(WDT-7TMRO) 

CLRWDT ;Clear WDT and 
;prescaler 

BSF STATUS, RPO 
MOVLW B'xxxxOxxx' ;Select TMRO, new 

;prescale value and 
;clock source 

MOVWF OPTION 
BCF STATUS, RPO 

Address Power-on Reset Value 

01h xxxx xxxx 
81h 1111 1111 

OBh 0000 OOOx 

Note: For reset values of registers in other reset situations refer to Table 14-8. 

TABLE 6-2: REGISTERS ASSOCIATED WITH TMRO 

Address Name Bit 7 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

01h TMRO TMRO 

0Bh/8Bh INTCON GIE TOIE TOIF 

81h OPTION TOCS TOSE PS2 PS1 PSO 

85h TRISA TRISA4 

Legend: - = Unimplemented locations, Read as 'O' 
Note: Shaded boxes are not used by TMRO module 
Note 1: This bit is not available in the PIC16C61 

© 1995 Microchip Technology Inc. Preliminary DS30235B-page 2-235 

El 



PIC16C62X 

NOTES: 
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7.0 COMPARATOR MODULE 
The comparator module contains two analog compara
tors. The inputs to the comparators are multiplexed with 
the RAO through RA3 pins. The on-chip Voltage Refer
ence (see Section 8.0) can also be an input to the com
parators. 

FIGURE 7-1: CMCON REGISTER 

R R u u R/W R/W R/W RfW 

C20UT C10UT CIS CM2 CM1 CMO 

bit? bitO 

PIC16C62X 

The CMCON register, shown in Figure 7-1 , controls the 
comparator input and output multiplexers. A block dia
gram of the comparator is shown in Figure 7-2. 

Register: CMCON 
Address: 1 Fh 
POR Value: OOh 

R: Readable & 
W: Writable 
U: Unimplemented, 

read as 'O' 

CM<2:0>: Comparator mode 

See Figure 7-2. 

CIS: Comparator Input Switch 

When CM<2:0>= 001 : 

1 = C1 VIN- connects to RA3 
O = C1 VIN- connects to RAO 

When CM<2:0>= 010: 

1 = C1 VIN- connects to RA3, 
C2 VIN- connects to RA2, 

O = C1 VIN- connects to RAO, 
C2 VIN- connects to RA 1 

C1 OUT: Comparator 1 output 

1 = C1 VIN+ > C1 VIN-
O = C1 VIN+ < C1 V1N-

C20UT: Comparator 2 output 

1 = C2 VIN+ > C2 VIN-
O= C2 VIN+ < C2 VIN-
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7.1 Comparator Configuration 

There are eight modes of operation for the compara
tors. The CMCON register is used to select the mode. 
Figure 7-2 shows the eight possible modes. The TRISA 
register controls the data direction of the comparator 
pins for each mode. If the comparator mode is 

changed, the comparator output level may not be valid 
for the specified mode change delay shown in 
Table12-4. 

FIGURE 7-2: COMPARATOR 1/0 OPERATING MODES 

RAO/ANO A VIN-
Off 

RA3/AN3 A VIN+ (Reads as 0) 

RA1/AN1 A VIN-
C2 

Off 
A VIN+ (Reads asO) RA2/AN2 + 

Comparators Reset CM<2:0> = 000 

RAO/ANO A VIN-

RA3/AN3 A VIN+ 
C1 C10UT 
+ 

RA1/AN1 A VIN-

RA2/AN2 A VIN+ 
C2 C20UT 
+ 

Two Independent Comparators CM<2:0> = 100 

RAO/ANO A VIN-

RA3/AN3 D VIN+ C1 C10UT 
+ 

RA1/AN1 A VIN-

RA2/AN2 A VIN+ C2 C20UT 
+ 

Two Common Reference Comparators CM<2:0> = 011 

RAO/ANO D 

D 
Off 

RA3/AN3 (Reads O) 

RA1/AN1 A VIN-

RA2/AN2 A VIN+ C2 C20UT 
+ 

One Independent Comparator CM<2:0> = 101 

RAO/ANO _Q_ VIN-
Off 

RA3/AN3 D VIN+ C1 (Reads as 0) + 

RA1/AN1 D VIN-
C2 

Off 
D VIN+ (Reads as 0) RA2/AN2 + 

Comparators Off CM<2:0> = 111 

RAO/ANO ~ CIS=OV1N-~ 
A RA3/AN3 ----0 CIS=1 VIN+ ~1 C10UT 

RA1/AN1 ~ CIS=O VIN-

RA2/AN2 ~ CIS=1 VIN+ C2 C20UT 
+ 

Four Inputs Multiplexed to From VREF Module 
Two Comparators CM<2:0> = 010 

RAO/ANO A VIN-

RA3/AN3 D C10UT 

RA1/AN1 A 

RA2/AN2 A VIN+ C2 C20UT 
+ 

RA4 0 en drain 

Two Common Reference Comparators 
With Outputs CM<2:0> = 110 

RAO/ANO ~ CIS=O 
VIN-

RA3/AN3 A__,, CIS=1 C1 
VIN+ + 

RA'1/AN1 

RA2/AN2 

A 

A 

VIN-

VIN+ _f2 

C10UT 

C20UT 

Three Inputs Multiplexed to 
Two Comparators CM<2:0> = 001 

A= Analog Input, Port Reads Zeros Always 
D = Digital Input 
CIS = CMCON<3>, Comparator Input Switch 
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The code example in Example 7-1 depicts the steps 
required to configure the comparator module. RA3 and 
RA4 are configured as digital output. RAO and RA 1 are 
configured as the V- inputs and RA2 as the V+ input to 
both comparators. 

EXAMPLE 7-1: INITIALIZING 
COMPARATOR MODULE 

FLAG_REG EQU OX20 

CLRF 

CLRF 

ANDLW 

IORWF 

MOVLW 

MOVWF 

BSF 
MOVLW 

MOVWF 

BCF 

CALL 

MOVF 

BCF 

BSF 

BSF 
BCF 

BSF 

BSF 

7.2 

FLAG_REG ;Init flag register 
PORTA ; Init PORTA 

OxCO ;Mask comparator bits 

FLAG_REG,F ;Store bits in flag register 
Ox03 ; Init comparator mode 

CMCON ;CM<2:0> = 011 
STATUS,RPO ;Select Bankl 

Ox07 ; Initialize data direction 
TRISA ; Set RA<2 : 0> as inputs 

;RA<4:3> as outputs 
; TRISA<7: 5> always read '0' 

STATUS, RPO ; Select Bank 0 

DELAY 10 ; 10µ delay 

CMCON, F ;Read CMCONtoendchangecondition 

PIRl, CMIF ; Clear pending interrupts 
STATUS, RPO ; Select Bank 1 

PIEl, CMIE ; Enable coJTt)arator interrupts 
STATUS.RPO' ;Selsct Bank 0 

Ill'TCON,PEIE ;Enable peripheral interrupts 
INTCON, GIE ; Global interrupt enable 

Comparator Operation 

A single comparator is shown in Figure 7-3 along with 
the relationship between the analog input levels and the 
digital output. When the analog input at VIN+ is less 
than the analog input VIN-, the output of the comparator 
is a digital low level. When the analog input at VIN+ is 
greater than the analog input VIN-, the output of the 
comparator is a digital high level. The shaded areas of 
the output of the comparator in Figure 7-3 represent the 
uncertainty due to input offsets and response time. 

FIGURE 7-3: SINGLE COMPARATOR 

V!N+-t>- Output 
VIN-----

,,~ -f--U ____ /~~---;;:----v----:\ 
VIN+- I ' ; ' 

! : : 

Output 

PIC16C62X 

7.3 Comparator Reference 

An external or internal reference signal may be used 
depending on the comparator operating mode. The 
analog signal that is present at VIN- is compared to the 
signal at VIN+, and the digital output of the comparator 
is adjusted accordingly (see Figure 7-3). 

7.3.1 EXTERNAL REFERENCE SIGNAL 

When external voltage references are used, the com
parator module can be configured to have the compar
ators operate from the same or different reference 
sources. However, threshold detector applications may 
require the same reference. The reference signal must 
be between Vss and Voo, and can be applied to either 
pin of the comparator(s). 

7.3.2 INTERNAL REFERENCE SIGNAL 

The comparator module also allows the selection of an 
internally generated voltage reference for the compara
tors. Section 8.0 contains a detailed description of the 
Voltage Reference Module that provides this signal. 
The internal reference signal is used when the compar
ators is in mode CM<2:0>=010 (see Figure 7-2). In this 
mode, the internal voltage reference is applied to the 
VIN+ pin of both comparators. 
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7.4 Comparator Response Time· 

Response time is the minimum time after selecting a 
new reference voltage or input source, before the com· 
parator output is guaranteed to have a Ila.lid level. If the 
internal reference is changed, the maximum delay of 
the internal voltage reference must b9 considered when 
using the comparator outputs. Otherwise the maximum 
delay of the comparators should be used. (See 
Table 12-4 and Table 12-5) 

7.5 Comparator Outputs 

The comparator outputs are read through the CMCON 
register. These bits are read only. The comparator out
puts may also be directly output to the RA3 and RA4 I/ 
0 pins. When the CM<2:0> = 110, multiplexors in the 
output path of the RA3 and RA4 pins will switch and the 
output of each pin will be the unsynchronized output of 
the comparator. The uncertainty of each of the compar
ators is related to the input offset voltage and the 
response time given in the specifications. Figure 7-4 
shows the comparator output block diagram. 

The TRISA. bits will still function as an output enable/ 
disable for the RA3 and RA4 pins while in this mode. 

FIGURE 7-4: COMPARATOR OUTPUT BLOCK DIAGRAM 

DS30235B-page 2-240 

Port Pins 

ToRA3or 
RA4 Pin ---------------e 

Data 
Bus f---+--ia 

"RDCMCON" 

Set~ 
CMIF~From~ 

other 
comparator 

D1----

D 

EN 
~-C,.L,.--_, 'RD CMCON" 

NRESET 

Preliminary © 1995 Microchip Technology Inc. 



7.6 Comparator Interrupts 

The comparator interrupt flag is set whenever there is a 
change in the output value of either comparator. Soft
ware will need to maintain information about the status 
of the output bits, as read from CMCON<7:6>, to deter
mine the actual change that has occurred. The CMIF 
bit, PIR1 <6>, is the comparator interrupt flag. The CMIF 
bit must be reset by setting it to a 'O'. Since it is also pos
sible to write a '1' to this register, a simulated interrupt 
may be initiated. 

The CMIE bit and the PEIE bit must be set to enable the 
interrupt. In addition, the GIE bit must also be set. If any 
of these bits are clear, the interrupt is not enabled, 
though the CMIF bit will still be set if an interrupt condi
tion occurs. 

7.7 Comparator Operation During SLEEP 

When a comparator is active and the device is placed 
in sleep mode, the comparator remains active and the 
interrupt is functional if enabled. This interrupt will wake 
up the device from sleep mode when enabled. While 
the comparator is powered-up, higher sleep currents 
than shown in the power down current specification will 
occur. Each comparator that is operational will con
sume additional current as shown in the comparator 
specifications. To minimize power consumption while in 
sleep mode, tum off the comparators, CM<2:0> = 111, 
before entering sleep. If the device wakes-up from 
sleep, the contents of the CMCON register are not 
affected. 

FIGURE 7-5: ANALOG INPUT MODEL 

Ain 

1----------

Cpin 

SpF 

Voo 

PIC16C62X 

7.8 Effects of a RESET 

A device reset forces the CMCON register to its reset 
state. This forces the comparator module to be in the 
comparator reset mode, CM<2:0> = 000. This ensures 
that all potential inputs are analog inputs. Device cur
rent is minimized when analog inputs are present at 
reset time. The comparators will be powered-down dur
ing the reset interval. 

7.9 Analog Input Connection 
Considerations 

A simplified circuit for an analog input is shown in 
Figure 7-5. Since the analog pins are connected to a 
digital output, they have reverse biased diodes to Voo 
and Vss. The analog input therefore, must be between 
Vss and Voo. If the 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 1 OKn is recommended 
for the analog sources. Any external component con
nected to an analog input pin, such as a capacitor or a 
Zener diode, should have very little leakage current. 

VT=O.SV 

VT= O.SV 
I leakage 

±SOOnA 

Vss 

Legend Cpin 

VT 

= input capacitance 

= threshold voltage 

Ileakage = leakage current at the pin due to various junctions 

Ric = interconnect resistance 

RS = Source Impedance 

VA =Analog Voltage 
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TABLEM: REGISTERS ASSOCIATED WITH COMPARATOR MODULE 

'Address Name Bit7 Bit& Bit3 Bit2 Bit 1 BitO · 

1Fh CMCON C20UT CIS CM2 CM1 CMO 

9Fh .VRCON VREN 

OBh INCON 

OCh PIR1 

8Ch PIE1 

85h TRISA 

08302358-page 2-242 Preliminary © 1995 Microchip Technology Inc. 



8.0 VOLTAGE REFERENCE 
MODULE 

The Voltage Reference is a 16-tap resistor ladder net
work that provides a selectable voltage reference. The 
resistor ladder is segmented to provide two ranges of 

FIGURE 8-1: VRCON REGISTER 

R/W R/W R/W u R/W R/W R/W R/W 

VREN VROE VRR VR3 VR2 VR1 VRo 

bit7 bitO 

PIC16C62X 

VREF values and has a power-down function to con
serve power when the reference is not being used. The 
VRCON register controls the operation of the reference 
as shown in Figure 8-1. The block diagram is given in 
Figure 8-2. 

Register: VRCON 
Address: 9Fh 
POR Value: OOh 

R: Readable 
W:Writable 
U: Unimplemented, 

read as'O' 

VR<3:0>: VREF value selection O :s; VR [3:0) :s; 15 

when VRR = 1: VREF = (VR<3:0>/ 24) • Voo 
when VRR = 0: VREF = 1/4 • Yoo+ (VR<3:0>/ 32. VOO) 

VRR: VREF Range selection 

1 =Low Range 
O = High Range 

VROE: VREF Output Enable 

1 = VREF is output on RA2 pin 
o = VREF is disconnected from RA2 pin 

VREN: VREF Enable 

1 = VREF circuit powered on 
o = VREF circuit powered down, no loo drain 

FIGURE 8-2: VOLTAGE REFERENCE BLOCK DIAGRAM 

16 stages 
VREN~ r3 _ ,.--( -~A~-~ 
~~ R R R\ 

VREF 16-1 analog mux 

Note: R is defined in Table 12-5. 
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8.1 Configuring the Voltage Reference 

The Voltage Reference can output 16 distinct voltage 
levels for each range. 

The equations used to calculate the output of the Volt
age Reference are as follows: 

if VAR = 1: VREF = (VR<3:0>/24) X VDD 

if VAR= 0: VREF = (VDD x 1/4) + (VR<3:0>/32) x Voo 

The setting time of the Voltage Reference must be con
sidered when changing the VREF output (see Table 12-
5). Example 8-1 shows an example of how to configure 
the Voltage Reference for an output voltage of 1.25V 
with Voo = 5.0V. 

EXAMPLE 8-1: VOLTAGE REFERENCE 
CONFIGURATION 

MOVLW Ox02 4 Inputs Muxed 
MOVWF CM CON to 2 c=Ps. 
BSF STATUS,RPO go to Bank l 

MOVLW Ox07 RA3-RAO are 
MOVWF TRI SA outputs 
MOVLW OxA6 enable VREF 
MOVWF VRCON low range 

set Vl\<3:0>=6 

BCF STATUS,RPO go to Bank 0 
CALL DELAYlO 10µ delay 

8.2 VQlt1ge Reference Ai:;i:;ur1i:;y/Ermr 

The full range of Vss to Voo cannot be realized due to 
the construction of the module. The transistors on the 
top and bottom of the resistor ladder network (see 
Figure 8-2) keep VREF from approaching Vss or Voo. 
The Voltage Reference is Voo derived and therefore, 

the VREF output changes with flucluations in Voo. The 
absolute accuracy of the Voltage Reference can be 
found in Table 12-5. 

8.3 Oper1tiQn Durjng SleeD 

When the device wakes up from sleep through an inter
rupt or a Watchdog Timer timeout, the contents of the 
VRCON register are not alle.cted. To minimize current 
consumption in sleep mode, the Voltage Reference 
should be disabled. 

8.4 Effei:;ts Qf 1 Reset 

A device reset disables the Voltage Reference by clear
ing VREN (VRCON<7>). This reset also disconnects 
the reference from the RA2 pin by clearing VRoE 
(VRCON<6>) and selects the high voltage range by 
clearing VAR (VRCON<5> ). The VREF value select bits, 
VRCON<3:0>, are also cleared. 

8.5 Connection Considerations 

The Voltage Reference Module operates independently 
of the comparator module. The output of the reference 
generator may be connected to the RA2 pin if the 
TRISA<2> bit is set and the VROE bit, VRCON<6>, is 
set. Enabling the Voltage Reference output onto the 
RA2 pin with an input signal present will increase cur
rent consumption. Connecting RA2 as a digital output 
with VREF enabled will also increase current consump
tion. 

The RA2 pin can be used as a simple DIA output with 
limited drive capability. Due to the limited drive capabil
ity, a buffer must be used in conjunction with theVoliage 
Reference output for external connections to VREF. 
Figure 8-3 shows an example buffering technique. 

FIGURE 8-3: VOLTAGE REFERENCE OUTPUT BUFFER EXAMPLE 

A* 

Voltage 
Reference 

Output 
Impedance 

RA2 

*R is dependent upon the Voltage Reference Configuration VRCON<3:0> and VRCON<5>. 

TABLE 8-1: REGISTERS ASSOCIATED WITH VOLTAGE REFERENCE 

Address Name Bit2 Bit 1 BitO 

9Fh VRCON VR2 VR1 VRO 

1Fh CMCON CM2 CM1 CMO 

8Ch TRISA 
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9.0 SPECIAL FEATURES OF THE 
CPU 

What sets apart a microcontroller from other proces
sors are special circuits to deal with the needs of real 
time applications. The PIC16C62X family has a host of 
such features intended to maximize system reliability, 
minimize cost through elimination of external compo
nents, 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) 

Brown-out Detect (BOD) 

3. Interrupts 

4. Watchdog Timer (WOT) 

5. SLEEP 

6. Code protection 

7. ID Locations 

8. In-circuit serial programming 

PIC16C62X 

The PIC16C62X has a watchdog timer which is con
trolled by configuration bits. It runs off its own RC oscil
lator 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. There is 
also circuitry to reset the device if a brown-out occurs 
which provides at least a 72 ms reset. With these three 
!unctions 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 opti s are also 
made available to allow the part to fit the ap ·cation. 
The RC oscillator option saves system cost while t LP 
crystal option saves power. A set of configuration blts 
are used to select various options. 
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9.1 Configuration Bits 

The configuration bits 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 test/configuration memory space (2000h -
3FFFh), which can be accessed only during program
ming. 

FIGURE 9-1: CONFIGURATION WORD 

13 12 11 10 9 8 7 6 5 4 3 2 1 bitO lRegister: CONFIG J 
Address: 2007h 11 cP1 )cPo[cP1 [cP~cP1cP~ -JsooE~cP1cP&wRT~WDTEjFosc1FoscoJ 

J 
FOSC<1 :0>: OSC selection bits. 

11 : RC oscillator 
10 : HS oscillator 
01 : XT oscillator 
00 : LP oscillator 

'---- WDTE: WOT enable bits. 

1 = WDT enabled 
0 = WOT disabled 

'------ PWRTE: Power-up timer enable bits. 

1 = power-up timer disabled 
0 = power-up timer enabled. 

See Note 1. 

'---''----'--_,__,____. ___ +----'--'-------- CP<1 :O>: Code protection bits. 

512 1K 

~ ~ 

CP<1 :Cl>= 11: Code Code 

2K 
_Ml!fllQll! 

Code 
protection off protection off protection off 

CP<1:0>=10: Code 
protection off 

CP<1 :0>=01: Code 
protection off 

Code 
protection off 

Upper1/2of 
program 
memory 

code protected 

CP<1:0>:00: All memory All memory 
is code is code 

protected protected 

'------------ BODEN: Brown-out Detect bits. 

1 = Brown-out detect is enabled. 
0 = Brown-out detect is disabled. 

See Note 1. 

Note 1: The Power-up Timer should always be enabled when Brown-out Detect is enabled. 

Upper1/2 
protected 

Upper314 
protected 

All memory 
is code 

protected 
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9.2 Oscillator Configurations 

9.2,1 OSCILLATOR lYPES 

The PIC16CXX can be operated in four different oscil
lator options. The user can program two configuration 
bits (FOSC1 and FOSCO) to select one of these four 
modes: 

• LP Low Power Crystal 

• XT Crystal/Resonator 

• HS High Speed Crystal/Resonator 

• RC Resistor/Capacitor 

9.2.2 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 9-2). 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 9-3. 

FIGURE 9-2: CRYSTAL OPERATION (OR 
CERAMIC RESONATOR) (HS, 
XTOR LPOSC 
CONFIGURATION) 

OSCl 

_rl OXTAL 
~ 

1
_ko.sc_2_,_ __ _ 

C2 Note! PIC16CXX 

See Table 9-1 and Table 9-2 for recommended val
ues of C1 and C2. 

Note 1: A series resistor may be required for AT 
strip cut crystals. 

FIGURE 9-3: EXTERNAL CLOCK INPUT 
OPERATION (HS, XT OR LP 
OSC CONFIGURATION) 

Clock from 
ext. system OSC1 

Open -f----_, OSC2 

PIC16CXX 

PIC16C62X 

TABLE 9-1: CAPACITOR SELECTION 
FOR CERAMIC RESONATORS 
(PRELIMINARY) 

·· . ...'c!.. 
Oscillator Resonator Capacitor Range 

Type Frequency C1 = C2'' 

XT 455 kHz 22-100pF 
2.0 MHz 15-68pF. ' 
4.0 MHz 15-68pF' 

HS 8.0MHz 10-68pF 
16.0 MHz 10-22pF 

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. 

Resonators Used: 

455 kHz Panasonic EFO-A455K04B +/- 0.3% 

2.0 MHz Murata Erie CSA2.00MG +/- 0.5% 

4.0 MHz Murata Erie CSA4.00MG +/- 0.5% 

8.0 MHz Murata Erie CSA8.00MT +/- 0.5% 

16.0 MHz Murata Erie CSA16.00MX +/- 0.5% 

All resonators used did not have built-in capacitors. 

TABLE 9-2: CAPACITOR SELECTION 
FOR CRYSTAL OSCILLATOR 
(PRELIMINARY) 

Osc 
Freq C1 C2 

Type 

LP 32 kHz 68-100pF 68-100pF 
200 kHz 15-30pF 15-30pF 

XT 100 kHz 68-150pF 150-200pF 
2MHz 15-30pF 15-30pF 
4MHz 15-30pF 15-30pF 

HS 4MHz 15-30pF 15-30pF 
10 MHz 15-30pF 15-30pF 
20 MHz 15-30pF 15-30pF 

Higher capacitance increases the stability of oscilla-
tor but also increases the start-up time. These val-
ues 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. 
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9.2.3 EXTERNAL CRYSTAL OSCILLATOR 
CIRCUIT 

Either a prepackaged oscillator can be used or a simple 
oscillator circuit with TIL 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 TIL gates. Two types 
of crystal oscillator circuits can be used; one with series 
resonance, or one with parallel resonance. 

Figure 9-4 shows implementation of a parallel resonant 
oscillator circuit. The circuit is designed to use the fun
damental frequency of the crystal. The 74AS04 
inverter performs the 180-degree phase shift that a par
allel oscillator requires. The 4. 7 kn resistor provides 
the negative feedback for stability. The 1 O kn potenti
ometers bias the 74AS04 in the linear region. This 
could be used for external oscillator designs. 

FIGURE 9-4: EXTERNAL PARALLEL 

+SV 

10k 

RESONANT CRYSTAL 
OSCILLATOR CIRCUIT 

To Other 
Devices 

Figure 9-5 shows a series resonant oscillator circuit. 
This circuit is also designed to use the fundamental fre
quency of the crystal. The inverter performs a 180-
degree phase shift in a series resonant oscillator circuit. 
The 330-W resistors provide the negative feedback to 
bias the inverters in their linear region. 

FIGURE 9-5: EXTERNAL SERIES 
RESONANT CRYSTAL 
OSCILLATOR CIRCUIT 

~ '"' 
330 

XTAL 

01----' 

CLKIN 

9.2.4 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 resis
tor (Rext) and capacitor (Cext) values, and the operat
ing temperature. In addition to this, the oscillator 
frequency will vary from unit to unit due to normal pro
cess parameter 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 compo
nents used. Figure 9-6 shows how the R/C combina
tion is connected to the PIC16CXX. For Rext values 
below 2.2 k.Q, the oscillator operation may become 
unstable, or stop completely. For very high Rext values 
(e.g. 1 MQ), the oscillator becomes sensitive to noise, 
humidity and leakage. Thus, we recommend to keep 
Rext between 3 kn and 100 kn. 

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 
capacitances, such asPCB trace capacitance or pack
age lead frame capacitance. 

See Section 13.0 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 13.0 for variation of oscillator frequency 
due to Voo for given Rext/Cext values as well as fre
quency variation due to operating temperature for given 
R, C, and Voo values. 

The oscillator frequency, divid0d by 4, is available on 
the OSC2/CLKOUT pin, and can be used for test pur
poses or to synchronize other logic (see Figure 3-2 for 
waveform). 

FIGURE 9-6: RC OSCILLATOR MODE 

voo 

Rex! 

Cext I 
Vss -= 

OSC2/CLKOUT 

Internal 

clock 

PIC16CXX 

Fosc/4 ~----------
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9.3 ~ 

The PIC16CXX differentiates between various kinds of 
reset: 

a) Power-on reset (POR) 

b) MCm reset during normal operation 

c) ~reset during SLEEP 

d) WOT time-out reset during normal operation 

e) WOT time-out reset during SLEEP 

f) Brown-out Detect 

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 ~ or WOT 
reset during normal operation and on~ reset dur
ing SLEEP. They are not affected by a WOT reset dur· 
ing SLEEP, since this reset is viewed as the resumption 

PIC16C62X 

of normal operation. TO and l5[) bits are set or cleared 
differently in different reset situations as indicated in 
Table 9-4. These bits are used in software to determine 
the nature of reset. See Table 9·6 for a full description 
of reset states of all registers. 

A simplified block diagram of the on-chip reset circuit is 
shown in Figure 9-7. 

The llCCR reset path has a noise filter to detect and 
ignore small pulses. See Table 12·6 for pulse width 
specification. 

FIGURE 9-7: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT 

External 
Reset 

10 btt Ripple counter 

t This is a separate oscillator 
from the RC oscillator of the 
CLKINpin. 

© 1995 Microchip Technology Inc. 
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R 

POWER_UP + WAKE_UP (XT +LP) 
(Enable the OST n tt is power_up or wake_up 
from SLEEP and OSC type is XT or LP) 
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9.4 Power-On Reset (POR). Power-Up: 
Timer (PWRTl. Oscillator Start-up 
Timer (OSD arid Brown-out Detect 
. .ctmID 

9.4.1 POWER-ON RESET (P.O~) 

A Power-On Reset pulse is generated oh-chip when 
Voo rise is detected (in the range of 1.6V - 1.8V). To 
take advantage of the POR, just tie ~pin directly 
(or through a resistor) to Voo. This will eliminate exter
nal RC components usually needed to create Power
On Reset. A maximum rise time for Voo is required. 
See Electrical Specifications for details. 

The POR circuit does not produce internal reset when 
Voo declines. 

9.4.2 POWER-UP TIMER (PWRT) 

The Power-Up Timer provides a fixed 72ms (nominal) 
time-out on power-up only, from POR or Brown-out 
Detect. 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 VDD to rise to an 
acceptable level. A configuration bit, PWRTE can dis
able (if set) or enable (ii cleared or programmed) the 
power-up timer. The Power-up Timer should always be 
enabled when Brown-out Detect is enabled. 

The Power-Up Time delay will vary from chip to chip 
and due to Voo, temperature and process variation. 
See DC parameters for details. 

FIGURE 9-8: BROWN-OUT SITUATIONS 

9.4.3 OSCILLATOR START-UP TIMER (QST) 

Th.e Oscillator Start-Up Timer (OST) provides a 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. 

9.4.4 BROWN-OUT DETECT (BOD) 

The. PIC16C62X members have on-chip brown-out 
detection circ1:1itry. A configuration bit, BODEN, can dis
able (if clear/programmed) or enable (if set) the Brown
out Detect reset circuitry. If Voo falls below 4.0V (3.8V -
4.2V range) for greater than parameter 35 in Table 12-
6, the brown-out situation will reset the chip. A reset is 
not guaranteed to occur if Voo falls below 4.0V for less 
than parameter 35. The chip will remain in Brown-out 
Detect reset until Voo rises above BVoo. The Power-Up 
Timer will now be invoked and will keep the chip in reset 
an additional 72 ms. If Voo drops below BVDD while the 
Power-Up Timer is running, the chip will go back into a 
Brown-out Detect reset and the Power-Up Timer will be 
initialized. Once Voo rises above BVoo, the Power-Up 
Timer will execute a 72 ms reset. The Power-up Timer 
should always be enabled when Brown-out Detect is 
enabled. Figure 9-8 shows typical Brown-out situations. 

Voo ::::::::::~::::::::::::::::::: 
I I 

BVooMax. 
BVooMin. 
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BVooMin. 

Voo ~:: ::::: ::::::: :{:::: ::::::::: .~~~~ ~~~
Internal 

Reset 72ms 
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9.4.5 TIME-OUT SEQUENCE 

On power-up the time-out sequence is as follows: First 
PWRTtime-out is invoked after POR has expired. Then 
OST is activated. The total time-out will vary based on 
oscillator configuration and PWRTE bit status. For 
example, in RC mode with PWRTE bit erased (PWRT 
disabled), there will be no time-out at all. Figure 9-9, 
Figure 9-1 O and Figure 9-11 depict time-out 
sequences. 

Since the time-outs occur from the POR pulse, if MCLR 
is kept low long enough, the time-outs will expire. Then 
bringing ~ high will begin execution immediately 
(see Figure 9-10). This is useful for testing purposes or 
to synchronize more than one PIC16C62X device oper
ating in parallel. 

Table 9-5 shows the reset conditions for some special 
registers, while Table 9-6 shows the reset conditions for 
all the registers. 

TABLE9-3: TIME-OUT IN VARIOUS SITUATIONS 

Power Up 

PIC16C62X 

9.4.6 POWER CONTROUSTATUS REGISTER 
(PCON) 

The power control/status register, PCON (address 8Eh) 
has two bits. 

Bit O is BO (Brown-out). BO is unknown on power-on
reset. It must then be set by the user and checked on 
subsequent resets to see ifN5 = 0 indicating that a 
brown-out has occurred. The BO status bit is a don't 
care and is not necessarily predictable if the brown-out 
circuit is disabled (by setting BODEN bit= 0 in the Con
figuration word). 

Bit 1 is l50R (Power-on-reset). It is a 'O' on power-on
reset and unaffected otherwise. The user must write a 
'1' to this bit following a power-on-reset. On a subse
quent reset if l50R is 'O', it will indicate that a power-on
reset must have occurred (Voo may have gone too 
low). 

Brown-out 
Wake-up from 

Oscillator Configuration 
PWRTE:O PWRTE=1 SLEEP 

XT, HS, LP 72 ms+ 1 024 tosc 1024 tosc 72 ms + 1024 tosc 1024tosc 

RC 72ms - 72ms -
TABLE 9-4: STATUS BITS AND THEIR SIGNIFICANCE 

J50R 80 ro PD 

0 x 1 1 Power-on-reset 

0 x 0 x Illegal, m is set on l50R 

0 x x 0 Illegal, l5lJ is set on l50R 

1 0 x x Brown-out reset 

1 1 0 1 WOT reset during 
normal operation 

1 1 0 0 WOT time-out wakeup from SLEEP 

1 1 1 1 MCrn reset during 
normal operation 

1 1 1 0 MCLR reset during SLEEP 
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TABLE9-5: INITIALIZATION CONDITION FOR SPECIAL REGISTERS 

PCL Acklr: 02h STATUS Addr: 03h PCON Acklr: 8Eh 

Power on reset OOOh 0001 lxxx --- --Ox 

~ reset during normal operation OOOh 0001 luuu --- --uu 

~ reset during SLEEP OOOh 0001 Ouuu •• ..,. --uu 

WOT reset during normal operation OOOh 0000 luuu --- --uu 

WOT during SLEEP PC+ 1 uuuOOuuu ---- --uu 

Brown-out reset OOOh 0001 luuu -··-uO 

Interrupt wake-up from SLEEP 
PC+ 1 1 uuul Ouuu --- --uu 

Legend: Legend: u = unchanged, x = unknown, - = unimplemented bit, reads as 'O'. 
Note 1: When wake-up is due to an interrupt (GIE = 1). the next instruction alter the SLEEP instruction is 

executed, and then a branch to 004h occurs. 

TABLE 9-6: INITIALIZATION CONDITION FOR REGISTERS 

Register Acklress • Power-on Reset • ~Reset during • Wake up from 
normal operation SLEEP through 

• Meal Reset during interrupt 
SLEEP • .Wake up from 

• WDTReset SLEEP through 

• Brown-out Reset <1> WOT time-out 

w - xxxx xxxx uuuu uuuu uuuu uuuu 
INOF OOh - - -
TMRO 01h xxxx xxxx uuuu uuuu uuuu uuuu 
PCL 02h 0000 0000 0000 0000 PC + 1 (3) 

STATUS 03h 0001 lxxx 000? ?uuu (4) uuu? ?uuu 
FSR 04h xxxx xxxx uuuu uuuu uuuu uuuu 

PORTA 05h ---x xxxx ---u uuuu ---u uuuu 
PORTB 06h xxxx xxxx uuuu uuuu uuuu uuuu 
CM CON 1Fh 00-- 0000 00-- 0000 uu-- uuuu 
PCLATH OAh ---0 0000 ---0 0000 ---u uuuu 
INTCON OBh 0000 OOOx 0000 OOOx uuuu uuuu 

PIR1 OCh -0-- ---- -0-- ---- -u-- ----
OPTION 81h 1111 1111 1111 1111 uuuu uuuu 
TRISA 85h ---1 1111 ---1 1111 ---u uuuu 
TRISB 86h 1111 1111 1111 1111 uuuu uuuu 
PIE1 8Ch -0-- ---- -0-- ---- -u-- ----

PCON 8Eh ---- --Ox ---- --u?<ll ---- --uu 

VRCON 9Fh 000- 0000 000- 0000 uuu- uuuu 
Legend: u = unchanged, x = unknown, - = unimplemented bit, reads as 'O', ? =value depends on condition. 

Note 1: If Voo goes too low, power on reset will be activated and registers will be affected differently. 
Note 2: One or more bits in INTCON, PIR1 and/or PIR2 will be affected (to cause wake-up). 

(.4) 

(2) 

(2) 

.. 

Note 3: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector 
(0004h). 

Note4: See Table 9-5 for reset value for specific condition. 
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FIGURE 9-9: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO Voo): CASE 1 

VDD 

'' 

INTERNAL POR 

----- tPWR1r-----•· 

PWRT TIME-OUT :--to~ ;--------

OST TIME-OUT 

INTERNAL RESET 

FIGURE 9-10: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO Voo): CASE 2 

VDD 

'' 
INTERNAL POR 

----- tPWRll'----•' 

PWRT TIME-OUT :--tosr-; 
r---~~---

OST TIME-OUT 

NTERNAL RESET 

FIGURE 9-11: TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO VDD) 

Voo 

INTERNAL POR 

PWRT TIME-OUT 

OST TIME-OUT 

NTERNAL RESET 

'. ----~ .. 

:.,...___ tPWRT___.: 

...---------------
:•tos~: ,___ __________ _ 
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FIGURE 9-12: EXTERNAL POWER-ON 
RESET CIRCUIT (FOR SLOW 
VDD POWER-UP) 

Voo 

= 
Note: 

1. 'External power-on reset circuit is required 
only if Voe power-up slope is too slow. The 

_ diode D helps discharge the capacitor 
: quickly when Voe powers down. 

2. R < 401<.Q is recommended to make sure 
,, that voltage drop across R does not exceed 
'' 'o.2.V (max leakage current spec on ~ 
' pin is SµA). A larger voltage drop will 
~egrade VIH level on~ pin. 

3. , R1=100!2 to 1Kn will limit any current flow
, ing into QOm from external capacitor C in 
'the event of "fiAC[R pin breakdown due to 
ESDor EOS. 

FIGURE 9-13: BROWN-OUT PROTECTION 
CIRCUIT1 

Voo ....... .--------1 Voo 
33K 

PIC16CXX 
= 

Note: 
·.i.'4" 

1. This circuit will activate reset when Voe 
goes below (Vz + 0.7V) where Vz =Zane~, 
voltage. 

FIGURE 9-14: BROWN-OUT PROTECTION 
CIRCUIT 2 . ' ' 

= 
Note: 

1. This brown-out circuit is less expensive, 
albeit less accurate. Transistor 01 turns off 
when Voe is below a . certain level such 
that: 

Rl 
VDD • ""R""1'""+-R'"'2'"" =0.7V. 
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9.5 Interrupts 

The PIC16C62X has 4 sources of interrupt: 

• External interrupt RBO/INT 

• TMRO overflow interrupt 

• PortB change interrupts (pins RB<7:4>) 

• Comparator interrupt 

The interrupt control register (INTCON, addr OBh/BBH) 
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 dis· 
abled through their corresponding enable bits in 
INTCON register. GIE is cleared on reset. 

The •return from interrupt" instruction, RETFIE, exits 
interrupt routine as well as sets the GIE bit, which re
enable interrupts. 

The INT pin interrupt, the RB port change interrupt and 
the TMRO overflow interrupt flags are contained in the 
INTCON register. 

The peripheral interrupt flag is contained in the special 
register PIR1. The corresponding interrupt enable bit is 
contained in special registers PIE1. 

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 

FIGURE 9-15: INTERRUPT LOGIC 

PIC16C62X 

the interrupt can be determined by polling the interrupt 
flag bits. The interrupt flag bit(s) must be cleared in soft· 
ware before re-enabling interrupts to avoid recursive 
interrupts. 

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 9· 
16). 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 multiple interrupt requests. Individual interrupt 
flag bits are set regardless of the status of their corre· 
sponding mask bit or the GIE bit. 
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9.5.1 INT INTERRUPT 

External. interrupt on RBO/INT pin is edge triggered: 
either rising if INTEDG bit (OPTION<6>) is set, or fall
ing, 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 soft
ware in the interrupt service routine before re-enabling 
this interrupt. The INT interrupt can wake up the pro
cessor 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 9.8 for details 
on SLEEP and Figure 9-19 for timing of wake-up from 
SLEEP through INT interrupt. 

9.5.2 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 6.0. 

FIGURE 9·16: INT PIN INTERRUPTTIMING 

OSC1 

INT pin 

INTFflag 
(INTCON <1>) 1--~-t----< ~ 

9.5.3 PORT RB INTERRUPT 

An input change on PortB <7:4> sets the RBIF 
(INTCON<<») bit. The interrupt can be enabled/dis
abled by setting/clearing the RBIE (INTCON<4>) bit. 
For operation of PortB, ~ee Section 5.2. 

9.5.4 COMPARATOR INTERRUPT 

See Section 7 .6 tor complete description of comparator 
interrupts. 

Interrupt Latency (Note 2) 

GIE bH >--------+-------+---~ 
(INTCON <7>) ~--+--------1--------; 

INSTRUCTION FLOW 

Instruction { 
fetched 

Instruction{ 
executed 

lnst(PC) lnst(PC+ 1) 

lnst(PC-1) lnet(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) Jnet (0006h) 

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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9.6 Context Saving During Interrupts 

During an interrupt, only the return PC value is saved 
on the stack. Typically, users may wish to save key reg
isters during an interrupt e.g. W register and STATUS 
register. This will have to be implemented in software. 

Example 9-1 stores and restores the STATUS and W 
registers. The user register, W_ TEMP, must be defined 
in both banks and must be defined at the same offset 
from the bank base address (i.e. W_TEMP is defined at 
Ox20 in Bank 0 and it must also be defined at OxAO in 
Bank 1 ). The user register, STATUS_ TEMP, must be 
defined in Bank 0. The Example 9-1: 

• Stores the W register 
• Stores the STATUS register in Bank 0 
• Executes the ISR code 
• Restores the STATUS (and bank select bit regis

ter) 
• Restores the W register 

EXAMPLE 9-1: SAVING THE STATUS AND 
W REGISTERS IN RAM 

MOVWF W_TEMP 

SWAPF STATUS,W 

BCF STATUS,RPO 

MOVWF STATUS_TEMP 

(!SR) 

SWAPF STATUS_TEMP, W 

MOVWF STATUS 

SWAPF W_TEMP,F 

SWAPF W_TEMP,W 

;copy w to temp register, 
; could be in either bank 

;swap status to be saved into W 

; change to bank 0 regardless 
; of current bank 

;save status to bank 0 
;register 

;swap STATUS_TEMP register 
; into W, sets bank to original 
;state 

;move W into STATUS register 

;swap w_TEMP 

; swap W_TEMP into W 

PIC16C62X 

9.7 watchdog Timer (WOT) 

The watchdog timer is realized as a free running on
chip RC oscillator which does not require any external 
components. This RC oscillator is separate from the RC 
oscillator of the CLKIN pin. 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 execu
tion of a SLEEP instruction. During normal operation, 
a WOT time-out 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 program
ming the configuration bit WDTE as a 'O' (Section 9.1 ). 

9.7.1 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 postscaler, if assigned to the WOT, and prevent 
it from timing out and generating a device RESET con
dition. 

The T<5 bit in the STATUS register will be cleared upon 
a watchdog timer time-out. 

9.7.2 WOT PROGRAMMING CONSIDERATIONS 

It should also be taken in account that under worst case 
conditions (VDD = Min., Temperature= Max., max. WOT 
prescaler) it may take several seconds before a WOT 
time-out occurs. 
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FIGURE 9-17: WATCHDOG TIMER BLOCK DIAGRAM 

From TMRO Clock Source 
(see Figure 6-6) 

Watchdog 
Timer 1-----<1>----i 

WDT 
Enable Bit 

PSA 

Note: TOSE, TOCS, PSA, PSO-PS2 are bits in the OPTION register. 

Postscaler 

B 

B-to -1 MUX PSO-PS2 

...---.~To TMRO (see Figure 6-6) 

MUX PSA 

WT 
Time-out 

FIGURE 9-18: SUMMARY OF WATCHDOG TIMER REGISTERS 

Address Name Bit 2 Bit 1 Bit 0 

2007h Config. Bits 

81h OPTION PS2 PS1 PSO 

DS30235B-page 2-258 Preliminary © 1995 Microchip Technology Inc. 



9.8 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 running, the PDbit 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 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 and the com
parators and VREF should be disabled. 1/0 pins that are 
hi-impedance inputs should be pulled high or low exter
nally to avoid switching currents caused by floating 
inputs. The TOCKI 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 1JCCR pin low. 

9.8.1 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. ·.o Watchdog timer time-out reset (if WOT was 

.. ";enabled) 

3. Interrupt from INT pin, RB port change, or the 
Peripheral Interrupt (Comparator). 

PIC16C62X 

The first event will cause a device reset. The two latter 
events are considered a continuation of program exe
cution. The TO and 1'5[) bits in the STATUS register can 
be used to determine the cause of device reset. 150 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 correspond
ing interrupt enable bit must be set (enabled). Wake-up 
is regardless of the state of the GIE bit. If the GIE bit is 
clear (disabled), the device continues execution at the 
instruction afterthe SLEEP instruction. If the GIE bit is 
set (enabled), the device executes the instruction after 
the SLEEP instruction and then branches to the inter
rupt 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 9-19: WAKE-UP FROM SLEEP THROUGH INTERRUPT 

!rul~lool~ rul~lool~ ruloolool~ ruloolool~ 

OSC1 r---t-""1llllllD...iQJ.lELJI 
; tost<2) 

CLKQUT(4) 

INTpin l--------!------!----!--;---..__----l------1--------11--------l 
INTFflag 

(INTCON<1>) c-------l------l--~ Interrupt latency 
(Note2) 

(INTC0:: 1~7~~ 1--------!------l-Pr_ooes_so-rln--;-i __ ..__ ____ l---~'----1------!-----I 

INSTRUCTION OW 

SLEEP j:, 

PC~-~PC"-----/l--~P~C~+1,___l'----'P~C~~'----"------l"--~PC~+~3--l'\--0004""""~h--l\._~OO~O~Sh1------1 

Instruction{ 
letehed Inst (PC) .. SLEEP 

Instruction{ lnst(PC-t) 
executed 

Notes: 

lnst{PC+ 1) 

SLEEP 

1. XT, HS or LP oscillator mode assumed. 

Inst {PC +2) 1011: (0004h) 

' lnst(PC+t) Oum cle Oum le 

2. lost= 1024 lose (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 will continue in line. 
4. CLKOUT is not available in these osc modes, but shown here for timing reference. 

Inst (OOOSh) 

Inst (0004h) 
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9.9 Code Protection 

The code in the program memory can be protected by 
programming the code protect bits (CP<1 :O>). 

The microcontroller code protection scheme allows the 
user to selectively code protect portions of the program 
memory. Refer to Figure 9-1 for the bit asl!ignments to 
enable code proteetion. Once a program segment has 
been code protected, those memory locations cannot 
be further programmed. Unprotected segments will 
read normally and may be reprogrammed. 

The configuration .word and ID locations are not code 
protected 

9.1 O 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 read
able and writable during program/verify. Only the least 
significant 4 bits of the ID locations are useable. 

9.11 In-Circuit Serial Programming 

The PIC16CXX microcontrollers can be serially pro
grammed while in the end application circuit. This is 
simply done with two line.s for clock and data, and three 
other lines for power, ·ground, and the programming 
voltage. This allows customers. to manufacture ~ards 
with unprogrammed devices, and then program the 
microcontroller just before shipping the product. This 
also allows the most recent firmware or a custom firm
ware to be programmed. 

The devic!l is placed into a program/verify mode by 
holding the RB6 and RB7 pins low while. raising the 
MCLR (VPP) pin from VIL to VIHH (see programming 
specification). RB6 becomes the programming clock 
and RB7 becomes the programming data. Both RB6 
and RB7 are Schmitt trigger inputs in this mode. 

After reset, to place the device into programming/verify 
mode, the program counter (PC) is at location OOh. A 
6·bit command is then supplied to the device. Depend
ing on the command, 14-bits of program data 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 
Programming Specifications (Literature #0$30228). 

A typical in-system serial programming connection is 
shown in Figure 9-20. 

FIGURE 9-20: TYPICAL IN-SYSTEM SERIAL 
PROGRAMMING 
CONNECTION 

External 
Connector 
Signals 

To Normal 
Connections 

PIC16CXX 

r-----+----tVoo 
1-~-------1Vss 

1-~---<11------1~NPP 

CLK t---'--e---1-----t RBS 

Data 1/0 1---1----1-----1 RB7 

---+--.ot-- Voo 

To Normal 
Connections 
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10.0 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 
operation of the instruction. The PIC16CXX instruction 
set summary in Table 10-2 lists byte-oriented, bit-ori
ented, and literal and control operations. Table 10-1 
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 10-1: 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 compatlblllty 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 

PCLA'l'H Program Counter High Latch 
GIE Global Interrupt Enable Bit 
WOT Watchdog Timer Counter 
TO Time-out Bit 
PD Power-down Bit 

dest Destination either the W register or the specified reg-
ister file location 

[I Options 

( ) Contents 

-+ Assigned to 

<> Register bit field 

E In the set of 

italics User defined term (font is courier) 

PIC16C62X 

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 wHhin one single instruc
tion cycle, unless a conditional test is true or the pro
gram 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 instruc
tion 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 10-2 lists the instructions recognized by the 
MPASM assembler. 

Figure 10-1 shows the three general formats that the 
instructions can have. 

All examples use the following format to represent a 
hexadecimal number: 

Oxhh 

where h signifies a hexadecimal digit. 

FIGURE 10-1: GENERAL FORMAT FOR 
INSTRUCTIONS 

Byte-oriented file register operations 

13 8 7 6 0 

I OPCODE I d I f (FILE#) I 

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 f (FILE#) I 

b = 3-bit bit address 
f = 7-bit file register address 

Literal and control operations 

13 8 7 0 

I OPCODE I k (llteral) j 

k = 8-blt Immediate value 
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TABLE 10-2: PIC16CXX INSTRUCTION SET 

Mnemonic, Description Cycles 14-Blt Opcode Status Notes 
Operands msb lsb Affected 

ADDWF I, d AddWandf 1 00 0111 dfff ff ff C,DC,Z .1,2 
ANDWF I, d ANDWandf 1 00 0101 dfff ff ff z 1,2 
CLRF I Clear I 1 00 0001 lfff ff ff 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! 1 00 0011 dfff ffff z 1,2 
DECFSZ f,d Decrement f, Skip if O 1(2) 00 1011 dfff ff ff 1,2,3 
INCF I, d Increment! 1 00 1010 dfff ff ff z 1,2 
INCFSZ f,d Increment f, Skip if O 1(2) 00 1111 dfff ffff 1,2,3 
IORWF f,d Inclusive OR W and I 1 00 0100 dfff ff ff z 1,2 
MOVF f,d Move! 1 00 1000 dfff ff ff z 1,2 
MOVWF I Move W tot 1 00 OdOO lfff ffff 
NOP . No Operation 1 00 0000 OxxO 0000 
RLF f,d Rotate left through carry 1 00 1101 dfff ff ff c 1,2 
RRF f,d Rotate right I through carry 1 00 1100 dfff ff ff c 1,2 
SUBWF f,d Subtract W from I 1 00 0010 dfff ffff C,DC,Z 1,2 
SWAPF f,d Swap nibbles in I 1 00 1110 dfff ff ff 1,2 
XORWF f,d Exclusive OR W and I 1 00 0110 dfff ff ff z 1,2 

BIT-ORIENTED FILE.REGISTER OPERATIONS 

BCF f,b Bit Clear! 1 01 OObb bf ff ff ff 1,2 
BSF f,b Bit Seti 1 01 Olbb bf ff ff ff 1,2 
BTFSC f, b Bit Test f, Skip tt Clear 1 (2) 01 lObb bf ff ff ff 3 
BTFSS f,b Bit Test I, Skip if Set 1 (2) 01 llbb bfff ff ff 3 

LITERAL AND CONTROL OPERATIONS 

ADDLW k Add llteral 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 ro.PIJ 
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 
Note 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'. 

Note 2: If this instruction is executed on the TMRO register (and, where applicable, d=1 ), the prescaler will be cleared 
if assigned to the TMRO. 

Note 3: If Program Counter (PC) is modified or a conditional test is true, the instruction requires two .cycles. The sec
ond cycle is executed as a NOP. 
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10.1 Instruction Descriptions 

ADDLW Add Literal to W 

Syntax: [ label] ADDLW k 

Operands: O $ k $ 255 

Operation: (W) + k -t W 

Status Affected: C, DC, Z 
Encoding: l.-----1-1-.,...l -1_1_1_x--.---k-k-kk-,---k-k-kk--. 

Description: 

Words: 

Cycles: 

Example 

ADDWF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

The contents of the W register are 
added to the eight bit literal 'k' and the 
result is placed in the W register. 

ADDL Ox15 
w 

Before Instruction 
W = Ox10 

After Instruction 
W = Ox25 

ADDW tot 
[label] ADDWF f,d 

0$f$127 
d E (0,1] 

(W) + (f) -t (dest) 

C,DC,Z 

1 oo I 0111 I dfff ffff 

Add the contents of the W register to 
register~·. If 'd' is o the result is 
stored in the W register. If 'd' is 1 the 
result is stored back in register 'f'. 

ADDWF FSR, 0 

Before Instruction 
W = Ox17 
FSR= OxC2 

After Instruction 
W = Ox09 
FSR= OxC2 

PIC16C62X 

ANDLW And Literal and W 

Syntax: [label] ANDLW k 

Operands: O $ k $ 255 

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

Status Affected: Z 
Encoding: .-----1-1-..,.i-1_0_0_1-..-I -k-kk_k_.,...l _k_k-kk--. 

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 eight bit literal 'k'. 
The result is placed in the W register. 

ANDLW OxSF 

Before Instruction 
W = OxA3 

After Instruction 
W = Ox03 

AND Wwithf 

[label] ANDWF f,d 

0$f$127 
d E [0,1] 

(W) .AND. (f) -t (dest) 

z 
oo I 0101 I dfff ffff 

AND the W register with register~·. If 
'd' is O the result is stored in the W 
register. If 'd' is 1 the result is stored 
back in register 'f. 

ANDWF FSR, 1 

Before Instruction 
W = Ox17 
FSR= OxC2 

After Instruction 
W = Ox17 
FSR = Ox02 
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BCF Bit Clear f 

Syntax: [label] BCF f,b 

Operands: 0 s f s 127 
Osbs7 

Operation: 0 ~ f <b> 

Status Affected: None 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

BSF 

Syntax: 

01 I OObb bfff 

Bit.'b' in register 'f' is cleared. 

BCF FLAG_REG, 7 

Before Instruction 
FLAG_REG = OxC7 

After Instruction 
FLAG_REG = Ox47 

Bit Set f 

[label] BSF f,b 

Operands: O s; f s; 127 
0SbS7 

Operation: 1 ~ kb> 

Status Affected: None 

ffff 

BTFSC BIT Test, skip if Clear 

Syntax: [ label] BTFSC f,b 

Operands: O s f s 127 
osbs7 

Operation: skip if (kb>) = O 

Status Affected: None 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

01 i 1obb I bfff ff ff 

If bit 'b' in register 1' is 'O' then the next 
instruction is skipped. 
If bit 'b' is 'O' then the next instruction 
fetched during the current instruction 
execution is discarded, and a NOP is 
executed instead, making this a 2 cycle 
instruction. 

1(2) 

HERE BTFSC FLAG,l 
FALSE GOTO PROCESS_CODE 
TRUE 

Before Instruction 
PC = address HERE 

After Instruction 
tt FLAG<1>=0, 
PC=address TRUE 

.--~~....-~~....-~~.....,-~~--, tt FLAG<1>=1, 
PC=address Encoding: 01 Olbb bfff 

Description: 

Words: 

Cycles: 

Example 

Bit 'b' in register 1' is set. 

BSF FLAG_REG, 7 

Before Instruction 
FLAG_REG= OxOA 

After Instruction 
FLAG_REG= OxSA 
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BTFSS 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

CALL 

syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

Bit Test, skip if Set 

[label] BTFSS f,b 

Osfs127 
Osb<7 

skip if (kb>) = 1 

None 

L --~:._Ji:bb _Lbf~:__[f__§J 
If bit 'b' In register 'f' is '1' then the next 
Instruction Is skipped. 
If bit 'b' is '1 ', th en the next instruction 
fetched during the current instruction 
execution, is discarded and a NOP is 
executed instead, making this a 2 cycle 
instruction. 

1 

1(2) 

HERE BTFSC FLAG,l 
FALSE GOTO PROCESS_CODE 
TRUE 

Before Instruction 
PC '·' addrnss 111'.RI'. 

After Instruction 
if FLAG<1>=0, 
PC=address 
ifFLAG<1>=1, 
PC=address 

Subroutine Call 

[ label] CALL k 

Osks2047 

(PC)+ 1-> TOS, 

FALSE 

TRUE 

k--> PC<10:0>, 
(PCLATH<4:3>) _, PC<12:11> 

None 

10 I Okkk I kkkk I kkkk 

Subroutine call. First, return address 
(PC+ 1) is pushed onto the stack. The 
eleven bit immediate address is loaded 
into PC Ms <10:0>. The upper bits of 
the PC are loaded from PCLATH. 
CALL is a two cycle instruction. 

2 

HERE CALL 

Before Instruction 
PC = 
HERE 

After Instruction 
PC = 
1HERE 

THERE 

Address 

Address 

TOS = Address 
HERE+! 

CLRF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

CLAW 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

"" 1'1!'lfi Microchip Technology Inc. Preliminary 

PIC16C62X 

Clear f 

[label] CLRF 

Osfs127 

OOh ->f 
1 _, z 
z 

oo I 0001 i uu ffff 

The contents of register ~· are cleared 
and the Z bit is set. 

CLRF FLAG_REG 

Before Instruction 
FLAG_REG Ox SA 

After Instruction 
FLAG_REG 
z 

Clear W Register 

[ label] CLRW 

None 

OOh--> (W) 
1 _, z 
z 

oxoo 

00 I 0001 I OXXX I xxxx 
W registered is cleared. Zero bit (Z) is 
set. 

CLRW 

Before Instruction 
W = Ox5A 

After Instruction 
w 
z 

oxoo 
1 
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CLRWDT 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Descript,km: 

Words: 

Cycles: 

Example 

COMF 

Syntax: 

Operands: 

Opera~_on: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycleil: ,·• 

Exampl(l 

Clear Watchdog Timer 

[ label] CLRWDT 

None 

OOh-;WDT 
0 --; WOT prescaler, 
1--; TO 
1--; PD 

TO, J5L5 
I oo aooo 0110 0100 

CLRWDT instruction resets the watch
dog timer, It also resets the prescaler 
of the WDT, Status bits TO and jS]j are 
set. 

CLRWDT 

Before Instruction 
WDT counter ? 

After Instruction 
WDT counter OxOO 
WDT prescale ~ O 
TO 
J5L5 

Complement f 

[label] COMF 

OSI 5127 
d E (0,1] 

(i) --; (dest) 

z 
00 I 1001 

f,d 

dfff ff ff 

The contents of register 'f' are comple
mented. If 'd' is 0 the result is stored in 
W. If 'd' is 1 the result is stored back in 
register 'f'. 

COMF REGl,O 

Before Instruction 
REG1 Ox13 

After Instruction 
REG1 Ox13 
W Ox EC 

DECF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

DECFSZ 

Syntax: 

Operands: 

Decrementf 

[label] DECF f,d 

0515127 
d E (0,1) 

(f)-1 --; (dest) 

z 
[-0o~f00i1 dfff fff,f 

~~~r~~?~i:Bi~~i;J'JJ ;~· i~t~i.1f 'd' 
is 1 the result is stored bac~ in register 
'f'. 

DECF CNT, 1 

Before Instruction 
CNT 
z 

After Instruction 
CNT 
z 

Ox01 
0 

oxoo 
1 

Decrement f, skip if O 

[label] DECFSZ f,d 

0Sf5127 
d E (0,1) 

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

Status Affected: None 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

oo 11011 I dfff I tlliJ 
The contents of register 'f' are decre
mented. If 'd' is 0 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 ex~uted 
instead making it a two cycle instruction. 

1 

1(2) 

HERE DECFSZ CNT, 1 
GOTO LOOP ,.,, 

CONTINUE 

Before Instruction 
PC address HERE 

After Instruction 
CNT CNT-1 
ifCNT 0, 
PC address CON-

TINUE 
ifCNT * 0, 
PC address 

HERE+! 
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GOTO Unconditional Branch 

Syntax: [ label} GOTO k 

Operands: Os; ks; 2047 

Operation: k --t PC<10:0> 
(PCLATH<4:3>) --t PC<12:11> 

Status Affected: None 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

INCF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

10 i lkkk I kkkk I kkkk 

GOTO Is an unconditional branch. The 
eleven bit immediate value is loaded 
into PC bits <10:0>. The upper btts of 
PC are loaded from PCLATH<4:3>. 
GOTO is a two cycle instruction. 

2 

GOTO THERE 

After Instruction 
PC = Address 1HERE 

lncrementf 

[label] INCF f,d 

0S:f:S:127 
d E (0,1] 

(f) + 1 --t (dest) 

z 
1 oo j 1010 dfff uu 
The contents of register 1' 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'. 

INCF CNT, 1 

Before Instruction 
CNT 
z 

After Instruction 

Ox FF 
0 

CNT OxOO 
z 1 

PIC16C62X 

INCFSZ Increment f, skip if 0 

Syntax: [label] INCFSZ f,d 

Operands: O s; f s; 127 
d E (0,1] 

Operation: (I) + 1 --t (dest), skip if result= O 

Status Affected: None 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

IORLW 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

oo j 1111 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 'I'. 
If the result is 0, the next instruction, 
which is already fetched, is decre
mented. A NOP is executed instead 
making It a two cycle instruction. 

1 

1 (2) 

HERE INCFSZ CNT, 
GOTO LOOP 

CONTINUE 

Before Instruction 
PC address HERE 

After Instruction 
CNT CNT + 1 
if CNT= 0, 
PC address CON-

TINUE 
~CNT,. 0, 
PC address HERE 

+I 

Inclusive OR Literal with W 

[label] IORLW k 

OS:k:S:255 

(W) .OR. (k) --t (W) 

z 
11 I 1000 I kkkk kkkk 

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 
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IORWF Inclusive OR W with f 

Syntax: [label] IORWF f,d 

Operands: O s; I s; 127 
d E (0,1] 

Operation: (W) .OR. (!)-+ (W) 

Status Affected: Z 
Encoding: .-[-0-0--.,J-0_1_0_0-..,.J_d_f_f_f-.--f-f-ff--. 

Description: 

Words: 

Cycles: 

Example 

MOVLW 

Syntax: 

Inclusive OR the W register with regis
ter 'f'. If 'd' is 0 the result is placed in 
the W register. If 'd' is 1 the result is 
placed back in register 'f'. 

IORWF RESULT, 0 

Before Instruction 
RESULT = Ox13 
W Ox91 

After Instruction 
RESULT Ox13 
W Ox93 

Move Literal to W 

[label] MOVLW k 

Operands: O s k s; 255 

Operation: k-+ (W) 

Status Affected: None 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

11 ooxx kkkk kkkk 

The eight bit llteral 'k' is loaded into W 
register.· The don't cares will assem
ble as O's. 

MOVLW Ox SA 

After Instruction 
W = Ox5A 

MOVF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

MOVWF 

Syntax: 

Movef 

[label] MOVF f,d 

0$f$127 
d E [0,1] 

(!) -+ (dest) 

z 
00 j 1000 dfff ff ff 

The contents of register f is moved to 
destination d. If d=O, destination is W 
register. II d=1, the destination is file 
register f itsett. d=1 is useful to test a 
file register since status flag Z is 
affected. 

MOVF FSR, 0 

After Instruction 
W = value in FSR reg-
ister 

MoveWtof 

[ label] MOVWF 

Operands: O s f s 127 

Operation: (W) -t (!) 

Status Affected: None 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

00 0000 lfff ff ff 

Move data from W register to register 
T. 

1 

MOVWF OPTION 

Before Instruction 
OPTION 
w 

After Instruction 

Ox FF 
Ox4F 

OPTION Ox4F 
W Ox4F 
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NOP No Operation 

Syntax: [label] NOP 

Operands: None 

Operation: No operation 

Status Affected: None 

Encoding: 00 I 0000 oxxo 

Description: No operation. 

Words: 

Cycles: 

Example NOP 

© 1995 Microchip Technology Inc. 
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RETFIE Return from Interrupt 

Syntax: [label] RETFIE 

Operands: None 

Operation: TOS --t PC, 
1 --t GIE; 

Status Affected: None 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

RETLW 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

00 0000 0000 1001 

Return from Interrupt. Stack is popped 
and Top of Stack (TOS) is loaded in 
the PC. Interrupts are enabled by set
ting the Global Interrupt Enable (GIE) 
bit. GIE is the global interrupt enable 
bit (INTCON<7>). This is a two cycle 
instruction. 

2 

RETFIE 

After Interrupt 
PC = TOS 
GIE = 

Return Literal to W 

[ label] RETLW k 

O:s;k:s;255 

k --t W; TOS --t PC; 

None 

11 I OlXX I kkkk kkkk 

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 

2 
CALL 'D\BLE ;Wcmtain<table 

;offset value 
;W now has table value 

TABLE ADDWF PC ;W = offset 
REI'LW kl ;Begin table 
REl'LW k2 

REI'LW kn ; End of table 

Before Instruction 
W = Ox07 

After Instruction 
W = value of k7 
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RETURN 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

RLF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

Return from Subroutine 

[label] RETURN 

None 

TOS--t PC; 

None 

00 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 

Rotate Left f through Carry 

[ label] RLF f,d 

o::;;f::;; 121 
d E (0,1) 

See description below 

c 
I oo J 1101 I dfff ffff 

The contents of register 'I' 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 resu It is stored back in regis
ter 'f'. 

c@J:j register f l:J 

RLF REGl, 0 

Before Instruction 
REG! 
c 

After Instruction 
REG! 
w 
c 

11100110 
0 

11100110 
11001100 
1 

RRF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

SLEEP 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 
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Rotate Right t through Carry 

[ label] RRF f,d 

0::;;1~ 121 
d E (0,1) 

See description below 

c 
I oo j 1100 I dfff ff ff 

The oontents of register 'f are rotated 
one bit to 1he riglt through the Carry 
Flag. If 'd is 0 1he result is placed in 1he 
W register. If 'd is 1 the result is placed 
back in register 'f. 

c©j register f 1-:i 

RRF REGl,O 

Before Instruction 
REG! 
c 

After Instruction 
REGl 
w 
c 

[ label] SLEEP 

None 

OOh--t WOT, 
O --t WOT prescaler 
1 --t iO, 
0 --t J5Li 
TO, J5Li 

11100110 
0 

11100110 
01110011 

I oo I 0000 0110 I 0011 

The power down status bit (15[i) 
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 9.8 for 
more details. 

SLEEP 
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SUBLW 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 1: 

Example2: 

Example3: 

Subtract W from Literal 

[ label) SUBLW k 

O:<;;k:<;;255 

k- (W)-t(W) 

C, DC,Z 

I 11 I 110x I kkkk kkkk 

The W register is subtracted (2's 
complement method) from the 
eight bit literal 'k'. The result is 
placed in the W register. 

SUBL Ox02 
w 
Before Instruction 

w = 
c ? 

After Instruction 

w = 
C 1; result is 
positive 

Before Instruction 

w = 2 
c ? 

After Instruction 

w = 0 
C 1; result is 
zero 

Before Instruction 

w = 3 
c ? 

After Instruction 

W = FF 
C O; result is 
negative 

SUBWF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 1: 

Example2: 

Example 3: 
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Subtract W from f 

[label] SUBWF f,d 

O:<;;f:<;;127 
d E (Q,1] 

f - (W) -t (des!) 

C,DC,Z 

I oo I oo 10 I dfff ffff 

Subtract (2's complement melh 0 

odize W register from register 'f'. 
If 'd' is 0 the result is stored in 
the W register. If 'd' is 1 the 
result is stored back in register 
'f'. 

SUBW REG!,! 
F 

Before Instruction 

REG1 3 
w 2 
c ? 

After Instruction 

REG1 1 
w 2 
C 1; result is 

positive 

Before Instruction 

REG1 2 
w 2 
c ? 

After Instruction 

REG1 0 
w 2 
C 1; result is 

zero 

Before Instruction 

REG1 1 
w 2 
c ? 

After Instruction 

REG1 FF 
w 2 
C O; result is 

negative 
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SWAPF 

Syntax: 

Operands: 

Operation: 

Swapf 

[label] SWAPF f,d 

O:S;f:S; 127 
d E [0,1] 

k0:3> ~ d<4:7>, 
k4:7> ~ d<0:3> 

Status Affected: None 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

I 00 I lllO I dfff I ffff 
The upper and lower nibbles of 
register 'f' are exchanged. If 'd' is 
O the result is placed in W regis
ter. If 'd' is 1 the result is placed in 
register 'f'. 

SWAPF REG, 

Before Instruction 

REG1 

After Instruction 

OxA5 

REG1 OxA5 
W Ox5A 

XORLW 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

XORWF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 
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Exclusive OR Literal with W 

[ label] XORLW k 

0:S;k:S;255 

fY'/) .XOR. k ~ (W) 

z 
u / 1010 i kkkk I kkkk 

The contents of the W register 
are XOR'ed with the eight bit lit
eral 'k'. The result is placed in 
the W register. 

XORL OxAF 
w 
Before Instruction 

W = OxB5 

After Instruction 

W = Ox1A 

Exclusive OR W with f 

[label] XORWF f,d 

0:S;f:S;127 
d E (0,1] 

(W) .XOR. (f) ~ (des!) 

z 
oo I ouo I dfff ffff 

Exclusive OR the contents of the 
W register with register 'f'. If 'd' is 
O the result is stored in the W reg
ister. If 'd' is 1 the result is stored 
back in register 'f'. 

XORW 
F 

REG 1 

Before Instruction 

REG OxAF 
W Ox95 

After Instruction 

REG Ox1A 
W Ox95 
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11.0 DEVELOPMENT SUPPORT 

11.1 Development Tools 

The PIC16/17 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 

• PICDEM·1 Low-Cost Demonstration Board 

• PICDEM-2 Low-Cost Demonstration Board 

• MPASM Assembler 

• MPSIM Software Simulator 

• C Compiler (MP·C) 

• Fuzzy logic development system 
(fuzzyTECH®-MP) 

11.2 PICMASTER: High Performance 
Universal In-Circuit Emulator 

The PICMASTER Universal In-Circuit Emulator provides 
the product development engineer with a complete 
microcontroller design tool set for all microcontrollers in 
the PIC16C5X, PIC16CXX and PIC17CXX families. A 
PICMASTER System configuration is shown in 
Figure 11-1. 

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 386 and better machines. The development 
software runs in the Microsoft Windows™ 3.x environ
ment, allowing the operator access to a wide range of 
supporting software and accessories. 

PIC16C62X 

The PICMASTER has been designed as a real-time 
emulation system with advanced features that are gen
erally 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 Universal Emulator System consists 
primarily of four major components: 

• Host-Interface Card 

• Emulator Control Pod 

• iarget-Specific Emulator Probe 

• PC Host Emulation Control Software 

The Windows 3.1 operating system allows the devel
oper to take full advantage of the many powerful fea
tures and functions of the PICMASTER system. 

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

PC-Host emulation control software takes full advan
tage of Dynamic Data Exchange (DOE), a feature of 
Windows 3.x. 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 be 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). 

The PICMASTER probes currently meet the specifica
tions shown in Table 11-1. 

FIGURE 11-1: PICMASTER SYSTEM CONFIGURATION 

EJi 

Common Interface Card 
PC Compatible Computer 

© 1995 Microchip Technology Inc. 

In-Line 
Power Supply 

(Optional) 

Power Switch 
Power Connector 

PC Host Interface 

PICMASTER Emulator Pod 

Preliminary 

90-2SOVAC 

DS30235B-page 2-273 



PIC16C62X 

TABLE 11-1: PICMASTER PROBE SPECIFICATION 

PROBE 

PICMASTER Probe Devices Supported Maximum Operating 
Frequency Voltage 

PROBE-16B PIC16C71 10 MHz 4.5V -.5.5V 

PROBE-16C PIC16C84 10 MHz 4.5V-5.5V 

PROBE-160 PIC16C54, PIC16C54A, PIC16CR54, PIC16C55, 20 MHz 4.5V-5.5V 
PIC16C56, PIC16C57, PIC16CR57A, PIC16C58A and 
PIC16CR58A 

PROBE-16E PIC16C64 10MHz 4.5V- 5.5V 

PROBE-16F PIC16C65*, PIC16C73 and PIC16C74 10 MHz 4.5V-5.5V 

PROBE-16G PIC16C61 10 MHz 4.5V- 5.5V 

PROBE-16H PIC16C620, PIC16C621 ;o,nd PIC16C622 10 MHz 4.5V-5.5V 

PROBE-17A PIC17C42 16 MHz 4.5V-5.5V 
*PROBE-16F indirectly supports the PIC16C65 
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11.3 PRO MATE™: Universal Programmer 

The PRO MATE Universal Programmer is a full-fea
tured 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 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 bits in this 
mode. 

In PC-hosted mode, the PRO MATE connects to the PC 
via one of the COM (RS-232) ports. 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 
selection 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, and blank check can be 
issued from the screen .. Additionally, serial program
ming support is possible where each part is pro
grammed with a different serial number, sequential or 
random. 

The PRO MATE has a modular "programming socket 
module". Different socket modules are required for dif
ferent processor types and/or package types. 

PRO MATE supports all PIC16C5X, PIC16CXX and 
PIC17CXX processors. 

11.4 PICSTART Low-Cost Development 
System 

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. PICSTART is not recommended for pro
duction programming. 

PIC16C62X 

11.5 PICDEM-1 Low-Cost PIC16/17 
Demonstration Board 

The PICDEM-1 is a simple board which demonstrates 
the capabilities of several of Microchip's microcontrol
lers. The microcontrollers supported are: PIC16C5X 
(PIC16C54 to PIC16C58), PIC16C62X, PIC16C71, 
PIC16C84 and PIC17C42. All necessary hardware and 
software is included to run basic demo programs. The 
users can program the sample microcontrollers pro
vided with the PICDEM-1 board, on a PRO MATE or 
PICSTART-168 programmer, and easily test firmware. 
The user can also connect the PICDEM-1 board to the 
PICMASTER emulator and download the firmware to 
the emulator for testing. Additional prototype area is 
available for the user to build some additional hardware 
and connect it to the microcontroller socket(s). Some of 
the features include an RS-232 interface, a potentiom
eter for simulated analog input, push-button switches 
and eight LEDs connected to PORTB. 

11.6 PICDEM-2 Low-Cost PIC16CXX 
Demonstration Board 

The PICDEM-2 is a simple demonstration board that 
supports the PIC16C64, PIC16C65, PIC16C73 and 
PIC16C74 microcontrollers. All the necessary hard
ware and software is included to run the basic demon
stration programs. The user can program the sample 
microcontrollers provided with the PICDEM-2 board, on 
a PRO MATE programmer or PICSTART-16C, and eas
ily test firmware. The PICMASTER emulator may also 
be used with the PICDEM-2 board to test firmware. 
Additional prototype area has been provided to the user 
for adding additional hardware and connecting it to the 
microcontroller socket(s). Some of the features include 
a RS-232 interface, push-button switches, a potentiom
eter for simulated analog input, a Serial EEPROM to 
demonstrate usage of the 12C bus and separate head
ers for connection to an LCD module and a keypad. 
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11.7 Assembler (MPASM) 

The MPASM Cross Assembler is a PC-hosted symbolic 
assembler, It supports all microcontroller series includ
ing the PIC16C5X, PIC16CXX, and PIC17CXX fami
lies. 

MPASM offers full 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 
Microchip 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 
• Produces 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 
represented by four basic classes of directives: 

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

• Listing Directives control the MPASM listing 
display. They allow the specification of titles and 
sub-titles, page ejects and other listing control. 

• Control Directives permit sections of condition
ally assembled code. 

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

11.8 Software Simulator (MPSIM) 

The MPSIM Software Simulator allows code develop
ment in a PC host environment. It allows the user to 
simulate the PIC16/17 series microcontrollers on an 
instruction level. On any given instruction, the user may 
examine or modify any of the data areas or provide 

TABLE 11-2: DEVELOPMENT SYSTEM PACKAGES 

Item Name 

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. MPSIM fully supports symbolic debugging 
using MP-C and MPASM. The Software Simulator 
offers the low cost flexibility to develop and debug code 
outside of the laboratory environment making it an 
excellent multi-project software development tool. 

11.9 C Compiler (MP·C) 

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 
(emulator software versions 1.13 and later). 

The MP-C Code Development System is supplied 
directly by Byte Craft Limited of Waterloo, Ontario, Can
ada. If you have any questions, please contact your 
regional Microchip FAE or Microchip technical support 
personnel at (602) 786-7627. 

11.10 Fuzzv Logic Pevelopment System 
(fuzzvTECH.@..MP) 

fuzzyTECH-MP fuzzy logic development tool is avail
able in two versions: a low cost introductory version, 
MP Explorer, for designers to gain a comprehensive 
working knowledge of fuzzy logic system design, and a 
full-featured fuzzyTECH-MP Edition for implementing 
more complex systems. 

Both versions include Microchip's fuzzjlt..AB™ demon
stration board for hands-on experience with fuzzy logic 
systems implementation. 

11.11 Development Systems 

For convenience, the development tools are packaged 
into comprehensive systems as listed in Table 11-2. 

System Description 

1. PICMASTER System PICMASTER In-Circuit Emulator with PRO MATE Programmer, Assembler, 
Software Simulator, Samples, and your choice of Target Probe, . 

2. PICSTART System PICSTART Low-Cost Prototype Programmer, Assembler, Software Simulator 
and Samples. 

3. PRO MATE System PRO MATE Universal Programmer, full featured stand-alone or PC-hosted 
programmer, Assembler, Simulator 
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12.0 
ELECTRICAL SPECIFICATIONS 

Absolute Maximum Ratings t 
Ambient temperature under bias .................................................................................................................. -40 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 VDo +0.6V 

Voltage on Voo with respect to Vss ............................................................................................................... 0 to +7.5 V 

Voltage on J;ilC1J1 with respect to Vss (Note 2) ................................................................................................ 0 to + 14 V 

Total powet Dissipation (Note 1) ............................................................................................................................... 1.0 W 

Maximum Current out of Vss pin ............................................................................................................................ 300mA 

Maximum Current into Voo pin ............................................................................................................................... 250mA 

Input clamp current, l1K (Vl<O or VI> Voo) ........................................................................................................................... :l20mA 

Output clamp current, loK (VO <0 or VO>Voo) .................................................................................................................... :l20mA 

Maximum Output Current sunk by any 110 pin .......................................................................................................... 25mA 

Maximum Output Current sourced by any 110 pin ..................................................................................................... 25mA 

Maximum Current sunk by PORTA and PORTB ..................................................................................................... 200mA 

Maximum Current sourced by PORTA and PORTB ................................................................................................ 200mA 

Note 1: Power dissipation is calculated as follows: Pdis = VDo x {loo - L loH} + L {(Voo-VoH) x loH} + L(Vol x loL) 

TABLE 12-1: CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS 
AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES) 

OSC PIC16C62X-04 

RC Voo: 4.0V to 6.0V 
loo: 3.3mA Max. at 5.5V 
IPO: 20µA Max. at 4V WOT dis 
Freq: 4MHz Max. 

XT Voo: 4.0V to 6.0V 
loo: 3.3mA Max. at 5.5V 
IPo: 20µA Max. at 4V WOT dis 

r-----Freq: 4MHz Max. 
HS 

LP 

f Voo: 4.5V to 5.5V 
ff loo: 20mA Max. at 5.5V 
.....••••... IB'llJiW~~'EmtlJL'Wi, 

······ Freq: 20MHz Max. 

Do not use in LP mode 

Do not use in HS mode 

Voo: 3.0V to 6.0V 
loo: 32µA Max. at 32 KHz, 3.0V 
IPO: 9µA Max. at 3.0V WOT dis 
Freq: 200KHz Max. 

The shaded sections indicate oscillator selections which are tested for functionality, but not for MINIMAX specifica
tions. It is recommended that the user select the device type that guarantees the specifications required. 
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12.1 DC CHARACTERISTICS: 

DC CHARACTERISTICS 

Characteristic Sym. 

Supply Voltage VDD 

RAM Data Retention VDR 
Voltage (Note 1) 

VDD start voltage to VPOR 
guarantee Power-On Reset 

Voo rise rate to guarantee SVDD 
Power-On Reset 

Brown-out Detect Voltage BVDD 

Supply Current (Note 2) IDD 

WOT Current (Note 5) AIWDT 
Brown-out Detect Current AIBOD 
(Note 5) 
Comparator Current for Al COMP 
each Comparator (Note 5) 
VREF Current (Note 5) AIVREF 

Power Down Current (Note 3) IPD 

WOT Current (Note 5) AIWDT 
Brown-out Detect Current AIBOD 
(Note 5) 
Comparator Current for Al COMP 
each Comparator (Note 5) 
VREF Current (Note 5) AIVREF 

PIC16C62X-04 (Commercial, Industrial) 
PIC16C62X-20 (Commercial, Industrial) 

Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40°C ~TA~+ 85°C for industrial and 

o·c ~TA~ +70°C for commercial 
Operating voltage VDD = 4.0V to 6.0V 

Min. Typ.t Max Units Conditions 

4.0 - 6.0 v XT, RC and LP osc configuration 
4.5 - 5.5 v HS osc configuration 

- 1.5 - v Device in SLEEP mode 

- Vss - v See section on power-on reset for details 

0.05* - - Vims See section on power-on reset for details 

3.8 4.0 4.2 v BODEN configuration fuse is erased 

- 1.8 3.3 mA XT and RC osc configuration 
Fosc = 4 MHz, VDD = 5.5V, WOT disabled 
(Note 4) 

- 35 70 µA LP osc configuration, PIC16C62X-04 only 
Fosc = 32 KHz, VDD = 4.0V, WOT disabled 

- 9.0 20 mA HS osc configuration 
Fosc = 20 MHz, VDD = 5.5V, WOT disabled 

- 6.0 20 µA VDD=4.0V 
- 300 375 µA 000 enabled, VDD = 5.0V 

- 100 µA VDD=4.0V 

- 300 µA VDD=4.0V 

- 1.0 8 µA VDD=4.0V, WOT disabled 

- 6.0 20 µA VDD=4.0V 
- 300 375 µA 000 enabled, VDD = 5.0V 

- 100 µA VDD = 4.0V 

- 300 µA VDD=4.0V 

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. 
Note 1 : This is the limit to which VDD can be lowered in SLEEP mode without losing RAM data. 
Note 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 I DD measurements in active operation mode are: 
OSC1 =external square wave, from rail to rail; all 1/0 pins tri-stated™, pulled to Voo, 
MCCR = Voo; WOT enabled/disabled as specified. 

Note 3: The power down current in SLE;EP 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 \A:Jo and Vss. 

Note 4: For RC osc configuration, current through Rex1 is not included. The current through the resistor can be esti
mated by the formula Ir= Voo/2Rext (mA) with Rext in kOhm. 

Note 5: The A current is the additional current consumed when this peripheral is enabled. This current should be 
added to the base IDD measurement. 
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12.2 DC CHARACTERISTICS: PIC16LC62X-04 (Commercial, Industrial) 

Standard Operating Conditions (unless otherwise stated) 

DC CHARACTERISTICS 
Operating temperature -40'C ::;; TA::;;+ 85'C 1or industrial and 

o·c ::;; TA::;; +70'C for commercial 
Operating voltage Voo = 3.0V to 6.0V 

Characteristic ~m Min 1l'Et Max Units Conditions 
Supply Voltage Voo 3.0 - 6.0 v XT, RC and LP osc configuration 

RAM Data Retention VDR - 1.5 - v Device in SLEEP mode 
Voltage (Note 1) 

------ ---·-· 

Voo start voltage to VPOR - Vss - v See section on power-on reset for details 
guarantee Power-On Reset 
Voo rise rate to guarantee SVDD 0.05* - - Vims See section on power-on reset for details 
Power-On Reset 
Brown-out Detect Voltage BVDD 3.8 4.0 4.2 v BODEN configuration fuse is erased 
Supply Current (Note 2) IDD - 1.4 2.5 mA XT and RC osc configuration 

Fosc = 2 MHz, VDD = 3.0V, WOT disabled 
(Note4) 

- 26 53 µA LP osc configuration 
Fosc = 32 KHz, Voo = 3.0V, WOT disabled 

WOT Current (Note 5) AIWDT - 6.0 15 µA VDD=3.0V 
Brown-out Detect Current AIBOD - 300 375 µA go[) enabled, Voo = 5.0V 
(Note 5) 
Comparator Current for Al COMP - 100 µA VDD = 3.0V 
each Comparator (Note 5) 
VREF Current (Note 5) AIVREF - 300 µA VDD=3.0V 

Power Down Current (Note 3) IPD - 0.7 8 µA VDD=3.0V, WOT disabled 

WOT Current (Note 5) AIWDT - 6.0 15 µA VDD=3.0V 
Brown-out Detect Current AIBOD - 300 375 µA BOl5 enabled, VDD = 5.0V 
(Note 5) 
Comparator Current for Al COMP - 100 µA VDD=3.0V 
each Comparator (Note 5) 
VREF CurrentJNote ~ AIVREF - 300 J!_A VDD=3.0V 

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. 
Note 1: This is the limit to which Voo can be lowered in SLEEP mode without losing RAM data. 
Note 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 I DD measurements in active operation mode are: 
OSC1 =external square wave, from rail to rail; all 1/0 pins tristated, pulled to \A:lo, 
MCLR = Voo; WOT enabled/disabled as specified. 

Note 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 \1:m and Vss. 

Note 4: For RC osc configuration, current through Rext is not included. The current through the resistor can be esti
mated by the formula Ir = Voo/2Rext (mA) with Rext in kOhm. 

Note 5: The A current is the additional current consumed when this peripheral is enabled. This current should be 
added to the base loo measurement. 
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12.3 DC CHARACTERISTICS: PIC16C62X (Commercial, Industrial) 
Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40"C $TA$+ as·c for industrial and 

DC CHARACTERISTICS o·c $TA $ + 70"C for commercial 
Operating voltage Voo range as described in DC spec Table 12-1 and 
Table 12-4 

Characteristic Sym Min Typ Max Units Conditions 

t 

Input Low Voltage IVIL 

VO ports 
Vss . 0.2Voo v 

MCLR, RA4/TOCKl,OSC1 (in RC Vss - 0.2Voo v 
mode) 
OSC1 (in XT, HS and LP) Vss - 0.3Voo v Note1 
Input High Voltage VIH 
VO ports -

0.85Voq - VDD 
MOIR RA4/TOCKI 0.85Voq - Voo v 
OSC1 (XT, HS and LP) 0.7 VDD - Voo v Note1 
PortB weak pull-up current IPURB 50 200 t400 µA VDD = sv, VPIN = Vss 
Input Leakage Current (Notes 2, 3) Ill 

VO ports (Except RA) ±1 µA Vss $ VPIN $ Voo, pin at high-impedance 
RA . - ±0.5 µA Vss $ VPIN $ Voo, Pin at high-impedance 
RA4fTOCKI . . ±1 µA Vss $ VPIN $ Voo 
OSC1,1ilCCR . - ±5 µA Vss $ VPIN $ Voo, XT, HS and LP osc con 

figuration 
Output Low Voltage VOL 
1/0 ports - - 0.6 v loL = 8.SmA, VDD=4.5V, -40°C to +85°C 

. - 0.6 v loL = 7.0mA, VDD=4.5V, -40°C to +85°C 
OSC2/CLKOUT . . 0.6 v loL = 1.6mA, Voo=4.5V, -40°C to +85°C 
(RC osc configuration) - . 0.6 v loL = 1.2mA, Voo=4.5V, -40°C to +85°C 
Output High Voltage VOH 
VO ports (Except RA4) (Note 3) VDD-0.7 . . v loH = -3.0mA, VDD=4.5V, -40°C to +85°C 

Voo-0.7 . . v IOH = -2.5mA, VDD=4.5V, -40°C to +85°C 
OSC2/CLKOUT Voo-0.7 . . v loH = -1.3mA, VDD=4.5V, -40°C to +85°C 
(RC osc configuration) VDD-0.7 . - v loH = -1.0mA, VDD=4.5V, -40°C to +85°C 
Open-Drain High Voltage Voo 14 v RA4pin 
Capacitive Loading Specs on 
Output Pins 
OSC2pin COsc2 15 pF In XT, HS and LP modes when external 

clock is used to drive OSC1. 
All VO pins and OSC2 (in RC mode) C10 50 pF 

t Data 1n "Typ" column 1s at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. 

Note 1: In RC oscillator configuration, the OSC1 pin is a Schmitt trigger input. It is not recommended that the 
PIC16C62X be driven with external clock in RC mode. 

Note 2: The leakage current on the "MCCFI 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 3: Negative current is defined as coming out of the pin. 
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TABLE 12-2: COMPARATOR SPECIFICATIONS 

Operating Conditions: 3.0V < VDD < 6.0V, -40"C <TA< 85"C, unless otherwise stated. Current consumption is specified 
in Table 12-1. 

Characteristics Sym Min Typ Max Units Comments 

Input offset voltage +!- 5 +/-10 mV 

Input common mode voltage 0 VDD - 1.5 v 
CMRR -35* db 

Response Time t 400* ns Voo = 5.0V 
!------

Comparator Mode Change to Out- 10* µs 
put Valid 

*These parameters are characterized but not tested. 
t Response time measured with one comparator input at (VDD -- 1.5)/2 while other transitions from Vss to VDD. 

TABLE 12-3: VOLTAGE REFERENCE SPECIFICATIONS 

Operating Conditions: 3.0V < Voo < 6.0V, -40°C <TA< 85°C, unless otherwise stated. Current consumption is specified 
in Table 12-1. 

Characteristics Sym Min Typ Max Units Comments 

Resolution VDD/24 VDD/32 LSB 

Absolute Accuracy 1/4 LSB v 
Unit Resistor Value (R) 2K* Q See Figure 8-2. 

Settling Time t 10 µs 

*These parameters are characterized but not tested. 
t Settling time measured while VRR=1 and VR<3:0> transitions from 0000 to 1111. 
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12.4 Timing Parameter Symbology 

The timing parameter symbols have been created following one of the following formats: 

1. TppS2ppS 

2. TppS 

IT F Frequency T Time 

Lowercase subscripts (pp) and their meanings: 

pp 
ck CLKOUT osc OSC1 

io 1/0 port to TOCKI 

me MCLR 

Uppercase letters and their meanings: 

s 
F Fall p Period 

H High R Rise 

I Invalid (Hi-impedance) v Valid 

L ow z High lmpedence 
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12.5 Timing Diagrams and Specifications 

FIGURE 12-1: EXTERNAL CLOCKTIMING 

04 01 02 03 04 01 

OSC1 
'' ·-1--: 

2 

CLKOUT 

TABLE 12-4: EXTERNAL CLOCKTIMING REQUIREMENTS 

Parameter Sym Characteristic Min Typt Max Units Conditions 
No. 

Fos External CLKIN Frequency DC - 4 MHz XT and RC osc mode, VDD=5V 
(Note 1) DC - 20 MHz HS osc mode 

DC - 200 KHz LP osc mode 

Oscillator Frequency DC - 4 MHz RC osc mode, VDD=5V 
(Note 1) 0.1 - 4 MHz XT osc mode 

1 - 20 MHz HS osc mode 

DC - 200 KHz LP osc mode 
1 Tosc External CLKIN Period 250 - - ns XT and RC osc mode 

(Note 1) 50 - - ns HS osc mode 

50 - - µs LP osc mode 
Oscillator Period 250 - - ns RC osc mode 
(Note 1) 250 - 10,000 ns XT osc mode 

50 - 1,000 ns HS osc mode 
5 - - µs LP osc mode 

2 TCY Instruction Cycle Time (Note 1) 1.0 4/Fosc DC µs 
3 TosL, Clock in (OSC1) High or Low Time 50 - - ns XToscillator 

TosH 2.5 - - µs LP oscillator 

10 - - ns HS oscillator 

4 TosR, Clock in (OSC1) Rise or Fall Time 25 - - ns XT oscillator 
TosF 50 - - ns LP oscillator 

15 - - ns HS oscillator 

t Data 1n "Typ" column 1s at SV, 25'C unless otheiwise stated. These parameters are for design guidance only 
and are not tested. 

Note 1: Instruction cycle period (Tcv) 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 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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FIGURE 12-2: CLKOUT AND l/OTIMING 
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-....j ;..._ 20, 21 

Note: All tests must be done with specified capacitive loads (see datasheet) 50 pF on VO pins and CLKOUT 

TABLE 12-5: CLKOUT AND l/OTIMING REQUIREMENTS 

Parameter Sym Characteristic Min Ty pt Max Units Conditions 
No. 

10 TosH2ckL OSC'fTto CLKOUfT - 15 30 ns Note 1 

11 TosH2ckH oscrl' to CLKOUTt - 15 30 ns Note 1 

12 TckR CLKOUT rise time - 5 15 ns Note 1 

13 TckF CLKOUT fall time - 5 15 ns Note 1 

14 TckL2ioV CLKOUT .j. to Port out valid - - 20 ns Note 1 

15 TioV2ckH Port in valid before CLKOUT t 25 - - ns Note 1 

16 TckH2iol Port in hold after CLKOUT t 0 - - ns Note 1 

17 TosH2ioV OSC1 t (Q1 cycle) to Port out valid - - TBD ns 

18 TosH2iol OSC1 t (Q2 cycle) to Port input invalid TBD - - ns 
(1/0 in hold time) 

19 TioV2osH Port input ~alid to OSC1t (1/0 in setup TBD - - ns 
time) 

20 Tio A Port output rise time - 10 25 ns 

21 TioF Port output fall time - 10 25 ns 

22 Tinp INT pin high or low time 20 - - ns 

23 Trbp RB<7:4> change interrupt high or low 20 - - ns 
time 

These parameters are characterized but not tested. 
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: Measurements are taken in RC Mode where CLKOUT output is 4 x Tosc 
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FIGURE 12-3: RESET, WATCHDOG TIMER, OSCILLATOR START-UPTIMER AND POWER-UP 
TIMER TIMING 

VDD 

Internal 
POR 

PWITT 
Timeout 

osc 
Timeout 

Internal 
RrSIT 

Watchdog 
Timer 

RESET 

1/0 Pins 

FIGURE 12-4: 

Voo 

32 ·-· 

34-+ 

BROWN-OUT DETECT TIMING 

BVDD ----- '-----' 
' ' :...._35_.: 
' ' 

TABLE 12-6: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP 
TIMER REQUIREMENTS 

Parameter Sym Characteristic Min Ty pt Max Units Conditions 
No. 

30 Tmcl MCLR Pulse Width (low) 1000 - - ns VDD = 5V, -40"C to +85"C 

31 Twdt Watchdog Timer Timeout Period 7* 18 33• ms Voo = 5V, -40°C to +85"C 

(No Prescaler) 

32 Tosi Oscillation Start-up Timer Period 1024 Tosc ms Tosc = OSC1 period 

33 Tpwrt Power up Timer Period 2s· 72 132· ms VDD = 5V, -40"C to +85°C 

34 T1oz 1/0 high impedance from~ 100 ns 
low 

35 TBOD Brown-out Detect Pulse Width 100 µs 3.SV S VDD S 4.2V 

These parameters are characterized but not tested. 
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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FIGURE 12-5: TIMERO CLOCK TIMING 
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TABLE 12-7: TIMERO CLOCK REQUIREMENTS 

Parameter Sym Characteristic Min Typt Max Units Conditions 
No. 

40 TtOH TOCKI High Pulse Width No Prescaler 0.5 Tcv+20· - - ns 

With Prescaler 10· - - ns 

41 TtOL TOCKI Low Pulse Width No Prescaler 0.5 Tcv + 20· - - ns 

With Prescaler 10· - - ns 

42 TtOP TOCKI Period Tcv+ 40• - - ns N = prescale value 
N (1, 2, 4, ..• , 256) 

These parameters are characterized but not tested. 
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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13.0 DEVICE CHARACTERIZATION 
INFORMATION 

Not Available at this time. 
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NOTES: 
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14.0 PACKAGING INFORMATION 

For Package Dimensions please refer to the Packaging Section of the Data Book. 
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14.1 Package Marking Information 

18L PDIP Example 

MMMMMMMMMMMMXXX PIC16C622 

0 MMMMMMMMXXXXXXX 
~ AABB CDE 

0 -04I/P456 
~ 9523 CBA 

18L SOIC 

MMMMMMMMM 
MMMMMMMMM 

Q~AABB CDE 

18LCERDIP 

20L SSOP 

xxxxxxxx 
xxxxxxxx 

AABB CDE 

la_~ 

Legend: MM ... M 
xx ... x 
AA 
BB 
c 

D 
E 

Example 

PIC16C622 
-04I/S0218 
~ 9518 CDK 

lrr 

Example 

-
Example 

O PIC16C622 

9501 CBA 

PIC16C622 
-04I/218 

9551 CBP 

lo~ 

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 cannot 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 enhancements over the 
PIC16C5X microcontroller family: 

1. Instruction word length is increased to 14 bits. 
This allows larger page sizes both in program 
memory (4K now as opposed to 512 before) and 
register file (up to 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 slightly redefined. 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 compati
bility with PIC16C5X. 

5. OPTION and TRIS registers are made address
able. 

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. Reg
isters 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 selectively 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) and has a 
TRIS bit. 

14. FSA is made a lull eight bit register. 
15. "In system programming" is made possible. The 

user can program PIC16CXX devices using only 
five pins: Voo, Vss, NPP, RB6 (clock) and RB? 
(data in/out). 

16. PCON status register is added with a Power-on
Reset (POR) status bit and a Brown-out Detect 
status bit (BO). 

17. Code protection scheme is enhanced such that 
portions of the program memory can be pro
tected, while the remainder is unprotected. 

18. All inputs are now Schmitt trigger type. 

PIC16C62X 

APPENDIX B: COMPATIBILITY 

To convert code written for PIC16C5X to PIC16CXX, 
the user should take the following steps: 

1. Remove any program memory page select oper
ations (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. 
Redefine 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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APPENDIX C: WHAT'S NEW 

The format of certain sections of this data sheet have 
been changed to be consistent with other product fam
ilies. These sections are: 

6.0 TimerO (TMRO) Module 

11.0 Development Support 

APPENDIX D: WHAT'S CHANGED 

1. Table 1-1 has been upgraded. 

2. A prescalar assignment note was added to Sec
tion 4.2.2.2 Option Register. 

3. Figures 5-1, 5-2, 5-3 and 5-4 were modified to 
include edge symbols on the CK inputs of the 
data latches. 

4. The instruction MOVF CMCON,F was added to 
Example 7-1. 

5. Ceramic resonator tolerances were added to 
Table 9-1. 

6. A note was added to Figure 9-7. 
7. The MS oscillator configuration was deleted 

from Table 12-2 PC Characteristics. 

8. The VIM specification for 1/0 posrts, MCLR and 
RA4/TOCKI was changed from O.BVDD to 
0.85VDD. 

9. The CLKOUT waveform in Table 12-2 was mod
ified. 
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$$ 40-pin DIP, 44-pin PLCC, 44-pin QFP 

l TMR2,TMR3 
PIC17C42 

PIC17C43* 25 I 4K 454 TMRO,TMR1, 2 2 Yes Yes 11 33 2.5-6.0 58 40-pin DIP, 44-pin PLCC, 44-pin QFP 
TMR2,TMR3 

PIC17C44 25 I SK 454 TMRO,TMR1, 2 2 Yes Yes 11 33 2.5-6.0 58 40-pin DIP, 44-pin PLCC, 44-pin QFP 
TMR2,TMR3 

* Please contact your local sales office for availability of these devices. 
Note 1: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high 1/0 

current capability. 
2: The PIC16CXX Timer1 has its own oscillator circuit and can operate asynchronously to the device. Timer1 can increment while the 

device is in SLEEP mode. This allows a Real Time Clock to be implemented. 
3: PORTB has software-configurable weak pull-ups. 
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Peripherals I Features 

"$/-~ 
~o 

0<;;;. 

0~($~~ 0"' 
~ ,0 *"'1>($ cr'li ,#° 'l>G 

~ q 
PIC16C61 20 I 1K I - I 36 I - ITMRO 1-1 - I - I - I - I - I 3 I 13 I 3.0-6.0 I - 118-pin DIP, 18-pin SOIC 

PIC16C62' 20 I 2K I - I 128 I - ITMRO, I 2 I SP1112c I - I - I - I - I 10 I 22 I 2.5-6.0 I - 128-pin SDIP, 28-pin SOIC 

PIC16C63' 20 4K 

PIC16C64 I 20 2K 

PIC16C65 I 20 4K 

PIC16C620' I 20 512. -

PIC16C621'1 20 1K 

PIC16C622 I 20 2K 

PIC16C71 20 1K 

PIC16C73 20 4K 

PIC16C74 20 4K 

PIC16C84 10 1K 

192 

128 

192 

80 

80 

128 

36 

192 

192 

36 

TMR1, TMR2 

- •TMRO, 
TMR1, TMR2 

- •TMRO, 
TMR1, TMR2 

- •TMRO, 
TMR1, TMR2 

- •TMRO 

- •TMRO 

- •TMRO 

- •TMRO 

- •TMRO, 
TMR1, TMR2 

21 SPl/12C/• -
SCI 

11 SPl!l2C I Yes 

2 ISPlll2C/I Yes 
SCI 

21 SPl/12C/• -
SCI 

4ch 

Sch 

- •TMRO, 121 SP1112c1I Yes I 8 ch 
TMR1, TMR2 SCI 

64 ITMRO 

• Please contact your local sales office for availability of these devices. 

10 22 3.0-6.0 - •28-pin SDIP, 28-pin SOIC 

8 33 3.0-6.0 I - 140-pin DIP, 44-pin PLCC, 44-pin QFP 

11 33 3.0-6.0 I - 140-pin DIP, 44-pin F'LCC, 44-pin QFP 

2 Yes 4 13 3.0-6.0 I Yes I 18-pin DIP, 18-pin SOIC, 20-pin SSOP 

2 Yes 4 13 3.0-6.0 I Yes I 18-pin DIP, 18-pin SOIC, 20-pin SSOP 

2 Yes 4 13 3.0-6.0 I Yes I 18-pin DIP, 18-pin SOIC, 20-pin SSOP 

4 13 3.0-6.0 - •18-pin DIP, 18-pin SOIC 

11 22 3.0-6.0 - •28-pin SDIP, 28-pin SOIC 

12 33 3.0-6.0 - •40-pin DIP, 44-pin PLCC, 44-pin QFP 

4 13 I 2.0-6.0 - •18-pin DIP, 18-pin SOIC 

Note 1: All PIC16/17 Family devices have Power-On Reset, selectable W:!tchdog Timer, selectable code protect and high 1/0 current capability. 
2: The PIC16CXX Timer1 has its own oscillator circuit and can operate asynchronously to the device. Timer1 can increment while the device is in SLEEP mode. 

This allows a Real Time Clock to be implemented. 
3: PORTS has software-configurable weak pull-ups. 
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PIC16C54 20 512 - 25 TMRO 12 2.5-6.25 33 18-pin DIP, 18-pin SOIC, 20 pin SSOP 

PIC16C54A 20 512 - 25 TMRO, 12 2.5-6.25 33 18-pin DIP, 18-pin SOIC, 20 pin SSOP 

PIC16CR54 20 - 512 25 TMRO 12 2.0-6.25 33 18-pin DIP, 18-pin SOIC, 20 pin SSOP 

PIC16C55 20 512 - 25 TMRO 20 2.5-6.25 33 28-pin DIP, 28-pin SOIC, 28 pin SSOP 

PIC16C56 20 1K - 25 TMRO 12 2.5-6.25 33 18-pin DIP, 18-pin SOIC, 20-pin SSOP 

PIC16C57 20 2K - 72 TMRO 20 2.5-6.25 33 28-pin DIP, 28-pin SOIC, 28 pin SSOP 

PIC16CR57A 20 - 2K 72 TMRO 20 2.0-6.25 33 28-pin DIP, 28-pin SOIC, 28 pin SSOP 

PIC16C58A 20 2K - 73 TMRO 12 2.5-6.25 33 18-pin DIP, 18-pin SOIC, 20 pin SSOP 

PIC16CR58A 20 - 2K 73 TMRO 12 2.0-6.25 33 18-pin DIP, 18-pin SOIC, 20 pin SSOP 

Note: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and ~igh 1/0 current 
capability. 
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PIC16C62X 

E.1 Pin Compatibilitv 

Devices that have the same package type and VDo, Vss 
and MCLR pin locations are said to be pin compatible. 
This allows these different devices to operate in the 
same socket. Compatible devices may only requires 
minor software modification to allow proper operation in 
the application socket (ex., PIC16C56 and PIC16C61 
devices). Not all devices in the same package size are 
pin compatible; for example, the PIC16C62 is compati
ble with t~e PIC16C63, but not the PIC16C55. 

Pin compatibility does not mean that the devices offer 
the same features. As an example, the PIC16C54 is 
pin compatible with the PIC16C71, but does not have 
an AID converter, weak pull-ups on PORTS, or inter
rupts. 

TABLE E-4: PIN COMPATIBILE DEVICES 

Pin Compatible Devices 

PIC16C61, 
PIC16C620, PIC16C621, PIC16C622, 
PIC16C71, PIC16C84, 
PIC16C54, PIC16C54A, PIC16CR54, 
PIC16C56, PIC16C58A, PIC16CR58A 

PIC16C62, PIC16C63, PIC16C73 

PIC16C55, PIC16C57, PIC16CR57A 

PIC17C42, PIC17C43, PIC17C44 

PIC16C64, PIC16C65, PIC16C74 

Package 

18pin 
(20 pin) 

28pin 

28pin 

40pin 

40pin 
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CONNECTING TO MICROCHIP BBS 

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 member
ship services, therefore you do not need CompuServe 
membership to join Microchip's BBS. 

There is no charge for connecting to the BBS, 
except for a toll charge to the CompuServe access 
number, where applicable. You do not need to be a 
CompuServe member to take advantage of this con
nection (you never actually log in to CompuServe). 

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 
service allows multiple users at baud rates up to 14400 
bps. 

The following connect procedure applies in most loca
tions: 

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

2. Dial your local CompuServe access number. 

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

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

5. Type MCHIPBBS, depress < ENTER.J > and 
you will be connected 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 9600-14400 baud connection. After the system 
responds with Host Name:, type 

NETWORK, depress < ENTER.J > 
and follow CompuServe's directions. 

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

Trademarks: 

PICMASTER and PICSTART are registered 
trademarks of Microchip Technology Incorporated. 

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

PRO MATE, fuzzyLAB, the Microchip logo and 
name are trademarks, and SQTP is a service mark 
of Microchip Technology Incorporated. 

ACCESS.bus is a trademark of the ACCESS.bus 
Industry Group (ABIG). 

fuzzyTECH is a registered trademark of hJform 
Software Corporation. 

12C is a trademark of Philips Corporation. 

IBM, IBM PC-AT are registered trademarks of 
International Business Machines Corp. 

Pentium is a trademark of Intel Corporation. 

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

CompuServe is a registered trademark of 
CompuServe Incorporated. 

All other trademarks mentioned herein are the 
property of their respective companies. 
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READER RESPONSE 

It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip prod
uct. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our documentation 
can better serve you, please FAX your comments to the Technical Publications Manager at (602) 786-7578. 

Please list the following information, and use this outline to provide us with your comments about this Data Sheet. 

To: Technical Publications Manager Total Pages Sent 

RE: Reader Response 

Company -----------------------------~ 
Address -----------------------------
City I State I ZIP I Country-----------------------

Telephone: ( ___ ) ___ _ FAX: ( __ ) __ _ 

Application (optional): 

Would you like a reply? __ Y __ N 

Device: PIC16C620/621/622 Literature Number: DS30235B 

Questions: 

1. What are the best features of this document? 

2. How does this document meet your hardware and software development needs? --------

3. Do you find the organization of this data sheet easy to follow? If not, why? ----------

4. What additions to the data sheet do you think would enhance the structure and subject matter: 

5. What deletions from the data sheet could be made without affecting the overall usefulness? ___ _ 

6. Is there any incorrect or misleading information (what and where)? ------------

7. How would you improve this document? 

8. How would you improve our software, systems, and silicon products? -----------
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PIC16C62X 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 ...,....., 9-· 3-Digit Pattern Code for QTP {blank otherwise) 

Package: p = PDIP 
so = SOIC {Gull Wing, 300 mil body) 
SS = SSOP (209 mil) 
JW = Windowed CERDIP Examples: 

a) 'PIC16C62X • 04/P 301 = 
J Temperature - = O"Cto+70'C Commercial temp., PDIP pack-
I Range: I = -40'C to +65'C) age, 4 MHz, normal Voo limits, 

QTP pattern #301 

J Frequency 04 = 200kHz {LP osc~ . b) PIC16LC62X- 041/SO = 

Range: 04 = 4 MHz {XT and C osc) Industrial temp., SOIC pack-

10 = 20 MHz {HS osc) age, 
l 200kHz, extended Voo limits 

J Device: PIC16C62X :Voo range 4.0V to 6.0V 
PIC16C62T :Voo range 4.0V to 6.0V {Tape and Reel) 

I PIC16LC62X:Voo range3.0V to 6.0V 
PIC16LC62XT:Voo range3.0V to 6.0V {Tape and Reel) 

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 enata sheet exists for a particular device, please contact one of the following: 

1 . Your local Microchip sales office. 

2. The Microchip Corporate Literature Center U.S. FAX: (602) 766-7277 

3. The Microchip's Bulletin Board, via your local CompuServe number (CompuServe membership NOT required). 

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 1-600-755-2345 or 1-602-786-7302. 
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MICROCHIP PIC16C6X 
8-Bit CMOS Microcontrollers 

Devices included in this Data Sheet: 
• PIC16C65 
• P!C16C64 
• PIC16C61 

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 - 20MHz clock input 

DC - 200ns instruction cycle 

Device Program Data 110 
Memory Memory 

PIC16C65 4K 192 33 

PIC16C64 2K 128 33 

PIC16C61 1K 36 13 

• Interrupt capability 
• Eight level deep hardware stack 
• Direct, indirect and relative addressing modes 

Peripheral Features of all PIC16C6X 
• TMRO: 8-bit timer/counter with 8-bit prescaler 

• High 1/0 current sink/source capability (25 mA/20 mA) 

Peripheral Features of the PIC16C65/64 only 
• One pin that can be configured as capture input, PWM 

output, or com pare output 
• Capture is 16-bit, max resolution 12.5ns, compare is 

16-bit, max resolution 200ns, 10-bit PWM resolution 
• TMR 1: 16-bit timer/counter (time-base for capture/com

pare). TMR1 can be incremented during sleep via exter
nal crystal/clock (for real-time cloc~) 

• TMR2: 8-bit timer/counter with 8-bit period register 
(time-base for PWM), prescaler and postscaler 

• Parallel Slave Port (PSP): 8-bit wide, with external RD, 
WFr and C"S" controls (microprocessor bus interface) 

• Synchronous serial port (SSP) with SPI and 
12C™/ACCESS.bus™ 

Peripheral Features of the PIC16C65 only 
Additional pin that can be configured as capture input, 
PWM output, or compare output 

• Serial Communications Interface (SCl)/USART 

Special Microcontroller Features 
Power-on Reset (POR) 

• Power-up Timer (PWRT) and Oscillator Start-up Timer 
(OST) 

• Watchdog Timer (WOT) with its own on-chip RC oscilla
tor for reliable operation 

• Programmable code-protection 
Power saving SLEEP mode 

• Fuse selectable oscillator options 
• Serial in-system programming (via two pins) 

© 1995 Microchip Technology Inc. 

PACKAGE TYPES 
J PDIP, Windowed CERDIP 

~--~-~-~ 

RA2-
AA3-

RA4/TOCKI
RAS~- 7 
REo/li[j- 8 
RE11Wri- 9 
RE2!CS"-

-RB7 
-RB6 
-RBS 
-RB4 
-RB3 
-AB2 
-AB1 
-RBOllNT 
-voe 

Voo - - R07/PSP7 
Vss - - AD6/PSP6 

OSC1/CLKIN - - RDS/PSPS 
OSC2/CLKOUT - - RD4/PSP4 

RCO!T10SOIT1CKl - - AC7/RXIDT 
AC1fT10Sl/CCP2 - - RC6fTX/CK 

RC2/CCP1 - - ACS/SOO 
RC3/SCK/SCL - - AC4/SDllSDA 

RDOIPSPO - - AD3/PSP3 
RD1/PSP1 - 21 - AD2/PSP2 

~------" 

PDIP, Windowed CERDIP 

ll'CUl"NPP-
AAO
AA1-
RA2-
RA3- 5 

RA4/TOCKJ
RAS/SS"
REollm- e 
RE1!WR- 9 
RE2.IC"S-

Voo-
Vss- 12 

OSC1/CLKIN -
OSC2/CLKOUT -

ACOIT10Sl!T1CKI -
AC11T10SO-
RC2/CCP1-

RC3/SCK/SCL -
RDO/PSPO
RD1/PSP1-

PDIP, SOIC, Windowed CERDIP 

RA3__.,. 

RA41TOCKI~ 3 

~VPP ............... 4 

Vss............... 5 

ABO/INT..._........ 6 

RB1...._. 7 

RB2......_. 8 

RB3......_. 
~---~ 

CMOS Technology 

-RB7 
-RBS 
-RBS 
-RB4 
-AB3 
-RB2 
-RB1 
-ABO/INT 
-voo 
-vss 
-AD7/PSP7 
-AD6/PSP6 
-RD5/PSP5 
-AD4/PSP4 
-RC7 
-AC6 
-ACS/SDO 
- RC4/SDl/SDA 
-AD3/PSP3 
-AD21PSP2 

__,..RA1 

-RAO 

.,__OSC1/CLKIN 

--+- OSC2/CLKOUT 

-4------Voo 

~AB7 

..,.__.... RB4 

• Low-power, high-speed CMOS EPROM technology 
Fully static design 

• Wide-operating voltage range - 3.0V 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 
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PACKAGE TYPES 

PLCC 

AA4fTOCKI - 7 
RAS/S'S - 8 
REo/R[)- 9 
RE~!WR: - 10 
RE2/CS" :..-- 11 

Voo- 12 
Vss - 13 

OSC1/CLKIN - 14 
OSC2/CLKOUT - 15 

PLCC 

ACO/T10S! - 16 
NC 17 

RA4ffOCKI -
RAs!SS"
REo/Rlj
RE1~
RE2:'CS _..._~ 

VOo -
Vss -

OSC1/CLK!N -
OSC2/CLKOUT -

RCOIT10SlfT1CKI -
NC 
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I ! 111 t I I I I 

I 1111 t 11 I I 

39 -AB3 
38 -AB2 
37 -RB1 
36 - ABO/INT 
35 - Voo 
34 - Vss 
33 - RD7/PSP7 
32 - RD6/PSP6 
31 - AD5/PSP5 
30 - RD4/PSP4 
29 - RC7/RX/DT 

39 - AB3 
38 - AB2 
37 -RB1 
36 - ABO/INT 
3S ...,.___VD!:: 

34 - Vss 
33 - RD7/PSP7 
32 - RD6/PSP6 
31 - RD5/PSP5 
30 - RD4/PSP4 
29 -AC7 

RC7/RXIDT -
AD4/PSP4 -
RDS/PSPS -
RD6/PSP6 -
AD7iPSP7 -

Vss
Voo-

ABO/INT -
AB1-
RB2-
RB3-

MQFP 

RC7-
R04/PSP4 -
AD5/PSP5 -
RD6/PSP6 -
RD7/PSP7 -

Vss
Voo-

RBO/INT
AB1 -
AB2-
RB3-

l! 111 ! I! I 

!l I 11111! 
55~ffi~~~~~~~ 

~ 

NC 
- RCOtr1 OSO!T1 CKI 
- OSC2/CLKOUT 
- OSC11CLKIN 
-vss 
-voo 
-RE~ 
-RE1mR 
-RE0/11[) 
-RAS/Sll 
- RA41TOCKI 

NC 

- ACOtr10Sl/f1CKI 
- OSC2/CLKOUT 
- OSC1 ICLKlN 
-vss 
-voo 
-RE21C'S" 
- RE1!WR 
-RE~ 
-RAS/Sll 
- RA4/TOCKI 
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1.0 GENERAL DESCRIPTION 
The PIC16C6X is a family of low-cost, high-perfor
mance, CMOS, fully-static, 8-bit microcontrollers. 

All PIC16/17 microcontrollers employ an advanced 
RISC-like architecture. The PIC16CXX has enhanced 
core features, eight-level deep stack, and multiple inter
nal 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 ali instructions io execute in a single cycie, 
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 their class. 

The PIC16C65 device has 192 bytes of RAM and 33 
1/0 pins. In addition several peripheral features are 
available including: three timer/counters, two cap
ture/compare/PWM modules and two serial ports. The 
synchronous serial port can be configured as either a 
3-wire Serial Peripheral Interface (SPI) or the two-wire 
Inter-Integrated Circuit (12C) bus. The Serial Communi
cations Interface (SCI) can be configured as either syn
chronous or asynchronous (USART). An 8-bit Parallel 
Slave Port is also provided. 

The PIC16C64 device has 128 bytes of RAM and up to 
33 1/0 pins. In addition several peripheral features are 
available including: three timer/counters, one cap
ture/compare/PWM module and one serial port. The 
synchronous serial port can be configured as either a 
3-wire Serial Peripheral Interface (SPI) or the two-wire 
Inter-Integrated Circuit (12C) bus. An 8-bit Parallel Slave 
Port is also provided. 

The PIC16C61 device has 36 bytes of RAM and up to 
13 1/0 pins. In addition a timer/counter is available. 

The PIC16C6X device has special features to reduce 
external 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 oscil
lator 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 
lock-up. 

A UV-erasable CERDIP-packaged version is ideal for 
code development while the cost-effective One-Time 
Programmable (OTP) version is suitable for production 
in any volume. 

© 1995 Microchip Technology Inc. 
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Table 1-1 shows the features of the P IC16C6X family. 

Table 1-2 shows information on which sections apply to 
the specific devices. 

Simplified block diagrams of the PIC16C65, PIC16C64 
and PIC16C61 are shown in Figure 3-1, Figure 3-2, 
and Figure 3-3 respectively. 

The PIC16C6X family fits perfectly in applications rang
ing from high speed automotive and appliance control 
to low-power remote sensors, keyboards and telecom 
processors. The EPROM technology makes customi
zation 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 1/0 flexibility make the 
PIC16C6X very versatile even in areas where no micro
controller use has been considered before (e.g. timer 
functions, serial communication, capture and compare, 
PWM functions and co-processor applications). 

1.1 Family and Upward Compatibility 

Those users familiar with the PIC16C5X family of 
microcontrollers will realize that this is an enhanced 
version of the PIC16C5X architecture. Please refer to 
Appendix A for a detailed list of enhancements. 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 
full-featured programmer. A "C" compiler and fuzzy 
logic support tools are also available. 
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TABLE 1-2: PIC16C6X FUNCTION SECTIONS 

FUNCTION SECTION 

PIC16C65 PIC16C64 PIC16C61 

1/0 Ports 5.0 5.0 5.0 

PORTA 5.1 5.1 5.1 

PORTB 5.2 5.2 5.2 

PORTC 5.3 5.3 -
PORTD 5.4 5.4 -
PORTE 0.0 5.5 -

1/0 Programming 5.6 5.6 5.6 

Parallel Slave Port 5.7 5.7 -
Timer Module Overview 6.0 6.0 6.0 Fl 
TimerO 7.0 7.0 7.0 

Timer1 8.0 8.0 -
Timer2 9.0 9.0 -
Capture/Compare/PWM 10.0 10.0 -
Synchronous Serial Port (SPl/12C) 11.0 11.0 -

Serial Communications Interface (USART) 12.0 - -
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2.0 PIC16C6X 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 in the PIC16C6X Product Selec
tion System section at the end of this data sheet. When 
placing orders, please use this page of the 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 pro
grams. 

The UV erasable version can be erased and repro
grammed to any of the configuration modes. 
Microchip's PICSTART® and PRO MATE™ program
mers both support programming of the PIC16C6X. 
Third party programmers also are available; refer to the 
Third Party Guide for a list of sources. 

2.2 One-Time-Programmable (OTP) 
Devices 

The availability of OTP devices is especially useful for 
customers who need the flexibility for frequent code 
updates and small volume applications. 

The OTP devices, packaged in plastic packages, permit 
the user to program them once. In addition to the pro
gram memory, the configuration bits must also be pro
grammed. 

© 1995 Microchip Technology Inc. 
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2.3 Quick-Turnaround-Production (OTP) 
Devices 

Microchip offers a OTP Programming Service for fac
tory production orders. This service is made available 
for users who choose 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 configuration options 
already programmed by the factory. Certain code and 
prototype verification procedures apply before produc
tion shipments are available. Please contact your local 
Microchip Technology sales office for more details . 

2.4 Serialized Quick-Turnaround 
Production (SQTPSM) Devices 

Microchip offers a unique programming service where 
a few user-defined locations in each device are pro
grammed with different serial numbers. The serial num
bers 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 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 using separate busses. This improves bandwidth 
over traditional von Neumann architecture where pro
gram and data are fetched from the same memory 
using the same bus. Separating program and data bus
ses further allows instructions to be sized differently 
than 8-btt wide data word. Instruction op-codes are 
14-bits 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 Example 3-1 ). Consequently, all 
instructions execute in a single cycle (200ns @ 20MHz) 
except for program branches. 

The PIC16C65 addresses 4K x 14 program memory. 
The PIC16C64 addresses 2K x 14 program memory 
and the PIC16C61 addresses 1 K x 14 program mem
ory. All program memory is internal. 

The PIC16CXX can directly or indirectly address its 
register files or data memory. All special function reg
isters including the program counter are mapped in 
the data memory. The PIC16CXX has an orthogonal 
(symmetrical) instruction set that makes it possible to 
carry out any operation on any register using any 
addressing mode. This symmetrical nature and lack of 
"special optimal situations" makes programming with 
the PIC16CXX simple yet efficient. In addition, the 
learning curve is significantly reduced. 

© 1995 Microchip Technology Inc. 
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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 
between 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 comple
ment 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 con
stant. In s1ngie operand instructions, the operand is 
either the W register or a tile register. 

The W register is an 8-bit working register used for ALU 
operations. It is not an addressable register. 

Depending upon 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 and digit borrow out bit, respec
tively, bit in subtraction. See the SUBLW and SUBWF 

instructions for examples. 

A simplified block diagram for the PIC16C65 is shown 
in Figure 3-1, its corresponding pin description is 
shown in Table 3-1, a simplified block diagram for the 
PIC16C64 is shown in Figure 3-2, its corresponding pin 
description is shown in Table 3-1, and a simplified block 
diagram for the PIC16C61 is shown in Figure 3-3, its 
corresponding pin description is shown in Table 3-1. 
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FIGURE3-1: PIC16C65 BLOCK DIAGRAM 
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DS30234A-page 2-314 

RAO-RAS 

RA4/TOCKI 

RA5/SS 

RBO/INT 

RB1·RB7 

r;:::;=::t:~__...l'X'! RCO/T10SO/T1CKI 
RC1/T10Sl/CCP2 
RC2/CCP1 
RC3/SCK/SCL 
RC4/SDl/SDA 
RC5/SDO 
RC6/TX/CK 

L..!::::::=:~--<"12SJ RC7/RX/DT 

RDO-RD7/ 
PSPO-PSP7 

REO/RD 

RE11Wfi 

RE2/CS 

© 1995 Microchip Technology Inc. 



FIGURE 3-2: PIC16C64 BLOCK DIAGRAM 
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FIGURE 3-3: PIC16C61 BLOCK DiAGRAM 
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TABLE 3-1: PIC16C65 PINOUT DESCRIPTION 

Pin 

Name 
DIP PLCC MQFP VOiP Buffer 

Description 
No. No. No. Type Type 

OSC1/CLKIN 13 14 30 I ST/CMOS4 Oscillator crystal input/external clock source input. 

OSC2/CLKOUT 14 15 31 0 - Oscillator crystal output. Connects to crystal or resonator 
in crystal oscillator mode. In RC mode, OSC2 pin outputs 
CLKOUT which has 1/4 the frequency of OSC1, and 
denotes the instruction cycle rate. 

~NPP 1 2 18 !IP ST Master clear (reset) input/programming voltage input. 
This pin is an active low reset to the device. 

PORTA is a bidirectional 1/0 port. 

RAO 2 3 19 1/0 TTL 

RA1 3 4 20 1/0 TTL 

RA2 4 s 21 1/0 TTL 

RA3 s s 22 1/0 TTL 

RA4/TOCKI s 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 B 24 110 TTL Slave select for the synchronous serial port. 

PORTB is a bidirectional 1/0 port. PortB can be software 
programmed for internal weak pull-up on all inputs. 

RBO/INT 33 3S B 1/0 TTUST1 RBO/INT can also be selected as an external inter-
rupt pin. 

RB1 34 37 9 1/0 TTL 

RB2 3S 38 10 1/0 TTL 

RB3 3S 39 11 1/0 TTL 

RB4 37 41 14 1/0 TTL Interrupt on change pin. 

RBS 38 42 1S 1/0 TTL Interrupt on change pin. 

RBS 39 43 1S 1/0 TTUST2 Interrupt on change pin. Serial programming clock. 

RB7 40 44 17 1/0 TTL/ST2 Interrupt on change pin. Serial programming data. 

PORTC is a bidirectional 1/0 port. 

RCO/T1 OSO/T1 CKI 1S 1S 32 1/0 ST RCO/T10SO/T1CKI can also be selected as a 
Timer1 oscillator output/Timer1 clock input. 

RC1/T10Sl/CCP2 1S 18 3S 1/0 ST RC1/T10Sl/CCP2 can also be selected as a Timer1 
oscillator input or Capture 2, input/Compare 2 out-
put/PWM 2 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 synchro-
nous serial clock input/output for both SPI and 12C 
modes. 

RC4/SDllSDA 23 2S 42 1/0 ST RC4/SDl/SDA can also be selected as the SPI Data 
In (SPI mode) or data 1/0 (12C mode). 

RCS/SDO 24 2S 43 1/0 ST RCS/SDO can also be selected as the SPI Data Out 
(SPI mode). 

RCS/TX/CK 2S 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 Asynchro-
nous Receive or SCI Synchronous Data. 

Legend: I= input O = output 1/0 = input/output P = power 
- = Not used TTL =TTL input ST= Schmitt Trigger input 

Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt. 
2: This buffer is a Schmitt Trigger input when used in serial programming mode. 
3: This buffer is a Schmitt Trigger input when configured as general purpose 110 and a TTL input when used in the Parallel 

Slave Port mode (for interfacing to a microprocessor bus). 
4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise. 
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TABLE 3-1: PIC16C65 PINOUT DESCRIPTION (CONT.) 

Pin 

Name DIP PLCC MQFP 110/P Buffer Description 
No. No. No. Type Type 

PORTO is a bidirectional 110 port or parallel slave or 
interfacing to a microprocessor bus. 

RDO/PSPO 19 21 38 1/0 STITTL3 

RD1/PSP1 20 22 39 1/0 STITTL3 

RD2/PSP2 21 23 40 1/0 STITTL3 

RD3/PSP3 22 24 41 1/0 STITTL3 

RD4/PSP4 27 30 2 1/0 STITTL3 

RD5/PSP5 28 31 3 1/0 STITTL3 

RD6/PSP6 29 32 4 1/0 STITTL3 

RD7/PSP7 30 33 5 1/0 STITTL3 

PORTE is a bidirectional 110 port. 

REOIRr> 8 9 25 1/0 STITTL3 REO/f!l'[5 read control for parallel slave port5. 

RE11WR 9 10 26 110 STITTL3 RE1/WR write control for parallel slave ports. 

RE2te8 10 11 27 110 ST/TTL3 RE2~ select control for parallel slave port. 

Vss 12,31 13,34 6,29 p - Ground reference for logic and 1/0 pins. 

Voo 11,32 12,35 7,28 p - Positive supply for logic arid 110 pins. 

NC - 1,17,28, 12,13, - These pins are not internally connected. These pins 
40 33,34 should be left unconnected. 

Legend: I= input O = output 110 = input/output P = power 
- = Not used TTL =TTL Input ST = Schmitt Trigger input 

Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt. 
2: This buffer is a Schmitt Trigger input when used in serial programming mode. 
3: 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). 
4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise. 
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TABLE 3-2: PIC16C64 PIN OUT DESCRIPTION 

Pin 

Name 
DIP PLCC MQFP VOiP Buffer 

Description 
No. No. No. Type Type 

OSC1/CLKIN 13 14 30 I ST/CMOS4 Oscillator crystal input/external clock source input. 

OSC2/CLKOUT 14 15 31 0 - Oscillator crystal output. Connects to crystal or resonator 
in crystal oscillator mode. In RC mode, OSC2 pin outputs 
CLKOUTwhich has 1/4 the frequency of OSC1, and 
denotes the instruction cycle rate. 

"fiilCTRNPP 1 2 18 l/P ST Master clear (reset) input/programming voltage input. 
This pin is an active low reset to the device. 

PORTA is a bidirectional 110 port. 

RAO 2 3 19 1/0 TTL 

RA1 3 4 20 1/0 TTL 

RA2 4 5 21 1/0 TTL 

RA3 5 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 Slave select for the synchronous serial port. 

PORTB·is a bidirectional 1/0 port. PortB can be software 
programmed for internal weak pull-up on all inputs. 

RBO/INT 33 36 8 1/0 TTUST1 RBO/INT can also be selected as an external inter-
rupt 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. 

RBS 38 42 15 1/0 TTL Interrupt on change pin. 

RBS 39 43 16 1/0 TTUST2 Interrupt on change pin. Serial programrnlnq ckx:k. 

RB7 40 44 17 1/0 TTUST2 Interrupt on change pin. Soria! programrnl11r1 rJ;d;i 

PORTC is a bidirectional 110 port. -

RCO/T10Sl/T1CKI 15 16 32 1/0 ST RCO/T10Sl/T1CKI can also be selected as a Timer1 
oscillator input!Timer1 clock input. 

RC1/T10SO 16 18 35 1/0 ST RC1/T10SI can also be selected as a Timer1 oscil-
later 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 synchro-
nous serial clock input/output for both SPI and 12C 
modes. 

RC4/SDl/SDA 23 25 42 1/0 ST RC4/SDl/SDA 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 25 27 44 1/0 ST 

RC7 26 29 1 1/0 ST 

Legend: I= input O = output 1/0 = input/output P = power 
- = Not used TTL =TTL input ST = Schmitt Trigger input 

Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt. 
2: This buffer is a Schmitt Trigger input when used in serial programming mode. 
3: 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). 
4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise. 
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TABLE 3-2: PIC16C64 PINOUT DESCRIPTION (CONT.) 

Pin 

Name DIP PLCC MQFP VOiP Buffer Description No. No. No. Type Type 

PORTD is a bidirectional 110 port or parallel slave or 
interfacing to a microprocessor bus. 

RDO/PSPO 19 21 38 110 STmL3 

RD1/PSP1 20 22 39 110 STmL3 

RD2/PSP2 21 23 40 110 STmL3 

RD3/PSP3 22 24 41 1/0 STmL3 

RD4/PSP4 27 30 2 110 STmL3 

RD5/PSP5 28 31 3 110 STmL3 

RD6/PSP6 29 32 4 1/0 STmL3 

RD7/PSP7 30 33 5 1/0 STmL3 

PORTE is a bidirectional 1/0 port. 

RE0/111) 8 9 25 110 STmL3 RE0/111) read control for parallel slave ports. 

RE1iWR 9 10 26 1/0 STmL3 RE1tWR" write control for parallel slave ports. 

RE2~ 10 11 27 1/0 STmL3 RE2/CS" 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 1/0 pins. 

NC - 1,17,28, 12,13, - These pins are not internally connected. These pins 
40 33,34 should be left unconnected. 

'--------
Legend: I= input 0 =output 1/0 =input/output P =power 

- = Not used TIL = TIL input ST= SchmittTrigger input 
Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt. 

2: This buffer is a Schmitt Trigger input when used in serial programming mode. 
3: This buffer is a Schmitt Trigger input when configured as general purpose 110 and a TIL input when used in the Parallel 

Slave Port mode (for interfacing to a microprocessor bus). 
4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise. 

DS30234A-page 2-320 © 1995 Microchip Technology Inc. 



PIC16C6X 

TABLE 3-3: PIC16C61 PINOUT DESCRIPTION 

Pin 

Name 
DIP SOIC 1/0/P Buffer 

Description 
No. No. Type Type 

OSC1/CLKIN 16 16 I ST/CMOS3 Oscillator crystal inpuVexternal clock source input. 

OSC2/CLKOUT 15 15 0 - Oscillator crystal output. Connec1s to crystal or resonator in crystal 
oscillator mode. In RC mode, OSC2 pin outputs CLKOUT which has 
1/4 the frequency of OSC1, and denotes the instruction cycle rate. 

MCCTfNPP 4 4 llP ST Master clear (reset) inpuVprogramming voltage input. This pin is an 
active low reset to the device. 

PORTA is a bidirectional 110 port. 

RAO 17 17 110 TTL 

RA1 18 18 110 TTL 

RA2 1 1 110 TTL II 
RA3 2 2 110 TTL 

RA4!TOCKI 3 3 110 ST Can also be selected to be the clock input to the TMRO 
timer/counter. Output is open collector type. 

PORTB is a bidirectional 110 port. PortB can be software pro-
grammed for internal weak pull-up on all inputs. 

RBO/INT 6 6 110 TTUST1 RBO/INT can also be selected as an external interrupt pin. 

RB1 7 7 110 TTL 

RB2 8 8 110 TTL 

RB3 9 9 110 TTL 

RB4 10 10 110 TTL Interrupt on change pin. 

RB5 11 11 110 TTL Interrupt on change pin. 

RB6 12 12 110 TTUST2 Interrupt on change pin. Serial programming clock. 

RB? 13 13 110 TTUST2 Interrupt on change pin. Serial programming data. 

Vss 5 5 p - Ground reference for logic and 110 pins. 

Voo 14 14 p - Positive supply for logic and 1/0 pins. 

Legend: I= input O = output 110 = inpuVoutput P = power 
- = Not used TTL =TTL input ST= Schmitt Trigger input 

Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt. 
2: This buffer is a Schmitt Trigger input when used in serial programming mode. 
3: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise. 
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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 pro
gram counter (PC) is incremented every 01, the 
instruction is fetched from the program memory and 
latched into the instruction register in 04. The instruc
tion is decoded and executed during the following Q1 
through 04. The clock and instruction execution flow is 
shown in Figure 3-4. 

FIGURE 3-4: CLOCK/INSTRUCTION CYCLE 

OSC1 

Q1 

Q2 

Q3 !------~ 

3.2 Instruction Flow/Pipelining 

An "Instruction Cycle" consists of four 0 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). 

} 
Internal 
Phase 
Clock 

04 1~-----~ 
(Program coun\e~) i _____ P_c ____ ~~----P_C+_1----1~----P_C_+2 ___ __, 

OSC2/CLKOUT\ .~ ---~ : 
(RC mode) >-----------< 

Fetch INST PC 
Execute INST PC· 1 Fetch INST (PC+1) 

Execute INST PC 

EXAMPLE 3-1: INSTRUCTION PIPELINE FLOW 

1. MOVLW 55h L Fetch 1 1 . Execute 1 

2. MOVWF PORTE Fetch 2 Execute 2 

3. CALL SUB_l Fetch 3 

4. BSF PORTA, BIT3 

Fetch INST PC+2 
Execute INST (PC+ 1) 

Execute 3 } 
Fetch 4 

L Fetch SUB_ 1 J 
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 PIC16C6X family has a 13-bit program counter 
capable of addressing an SK x 14 program memory 
space. For the PIC16C65, only the first 4K x 14 
(0000-0FFFh) are physically implemented. For the 
PIC16C64, only the first 2K x 14 (0000-07FFh) are 
physically implemented and for the PIC16C61, only the 
first 1 K x 14 (0000-03FFh) is physically implemented. 
Accessing a location above the physically implemented 
address will cause a wraparound. The reset vector is at 
OOOOh and the interrupt vector is at 0004h (see 
Figure 4-1, Figure 4-2 and Figure 4-3). 

FIGURE 4-1: PIC16C65 PROGRAM 
MEMORY MAP AND STACK 

CALL, RETURN 
RETFIE, RETLW 

PC<12:0> 
13 

~---~---~ 
Stack Level 1 

Stack Level 8 

>---~R=e=se=t~V=ec=to=r __ _,oooo 

Peri heral lnterru t Vector 

On-chip Program 
Memory (Page 0) 

On-chip Program 
Memory (Page 1) 

© 1995 Microchip Technology Inc. 

0004h 
0005h 

07FFh 
0800h 

OFFFh 
1000h 

1FFFh 

PIC16C6X 

FIGURE 4-2: PIC16C64 PROGRAM 
MEMORY MAP AND STACK 

PC<12:0> 
13 CALL, RETURN 

RETFIE,~R_E_T_LW~St~a~ck-L""e-ve~l~1--~ 

Stack Level 8 

Reset Vector 0000 r-----------; 

~- Peri heral lnterru t Vector 0004h 
0005h E °' Q) 0 

::>[ a; rn On-chip Program 

"' ::J 

FIGURE 4-3: PIC16C61 PROGRAM 
MEMORY MAP AND STACK 

CALL, RETURN l:===1=;3"==== 
RETFIE,~R_E_T_LW __ ~---~ 

2:-
0 

E °' Q) 0 

::>[ 
a;rn 
"' ::J 

Stack Level 1 

Stack Level 8 

>---~R~e~se~t~V~ec~to~r---< 0000 

Peri heral lnterru t Vector 0004h 
0005h 

On-chip Program 
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4.2 Data Memory Organization 

The data memory (see Figure 4-4, Figure 4-5 and 
Figure 4-6) 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 lower locations ol 
each Bank are reserved for the Special Function Reg
isters. Above the Special Function Registers 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 is accessed either directly, or indirectly 
through the file select register FSR (see Section 4.4). 

The general purpose register locations BCh-AFh of 
Bank 1 on the PIC16C61 are not physically imple
mented. These locations are mapped into OCh - 2Fh of 
Banko. 
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FIGURE4-4: PIC16C65 REGISTER FILE 
MAP 

File Address 

00 Indirect addr.(*) Indirect addr.(*) 80 

01 TMRO OPTION 81 

02 PCL PCL 82 

03 STATUS STATUS 83 

04 FSR FSR B4 

05 PORTA TRISA B5 

06 PORTB TRISB B6 

07 PORTC TRISC B7 

OB PORTD TRISD BB 

09 
PORTE TRISE B9 

OA PC LATH PC LATH BA 

OB INTCON INTCON BB 

oc PIR1 PIE1 BC 

OD PIR2 PIE2 BO 

OE TMR1L PCON BE 

OF TMR1H BF 

10 T1CON 90 

11 TMR2 91 

12 T2CON 92 

13 SSPBUF 93 

14 SSPCON 94 

15 CCPR1L 95 

16 CCPRIH 96 

17 CCP1CON 97 

1B RC STA 98 

19 TXREG 99 

1A RC REG 9A 

1B CCPR2L 9B 

1C CCPR2H 9C 

1D 90 

1E 9E 

1F 9F 

20 AO 

7F FF 

• Not a physical register 
[l!l Unimplemented data memory location; reads as 'O's. 
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FIGURE 4-5: PIC16C64 REGISTER FILE FIGURE 4-6: PIC16C61 REGISTER FILE 
MAP MAP 

File Address Fi le Address 

00 Indirect addr. (•) Indirect addr.(") BO 
00 Indirect addr.(•) Indirect addr.(•) BO 

01 TMRO OPTION B1 
01 TMRO OPTION B1 

02 PCL PCL B2 
02 PCL PCL B2 

03 STATUS STATUS B3 
03 STATUS STATUS B3 

04 FSR FSR B4 
04 FSR FSR B4 

05 PORTA TRISA B5 
05 PORTA TRISA B5 

06 PORTS TRISB B6 • PORTC TRISC 
06 PORTS TRISB B6 

07 B7 
PORTO TRISD BB 

07 B7 
OB 

PORTE TRISE OB BB 
09 B9 

PC LATH PCLATH BA 09 B9 
QA 

OA 
PC LATH PC LATH BA 

OB INTCON INTCON BB 
OB INT CON INTCON BB oc PIR1 PIE1 BC 
oc BC 

OD BO 
General Mapped 

OE BE Purpose in Banko 
Register 

OF TMR1H BF 

2F AF 
10 T1CON 90 

30 BO 
11 TMR2 91 

12 T2CON 92 

13 SSPBUF 93 

14 SSPCON 94 

15 CCPR1L 95 

16 CCPRIH 96 

17 97 
7F FF 

1B 9B 
Banko Bank 1 

• Not a physical register 
ill Unimplemented data memory location; reads as 'O's. 

1F 9F 

20 AO 

General 
BF Purpose 

Register co 

7F FF 
Banko Bank 1 

• Not a physical register 
ill Unimplemented data memory location; reads as 'O's. 
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4.2.2 SPECIAL FUNCTION REGISTERS: 

The Special Function Registers are registers used by 
the CPU and Peripheral functions for controlling the 
desired operation of the device (see Table 4-2 and 
Table 4-2). These registers are static RAM. 

The special registers can be classified into two sets. 
The special registers associated. with the "core" func
tions are described in this section. Those related to the 
operation of the peripheral features are described in the 
section of that peripheral feature. 

TABLE 4-1: SPECIAL REGISTERS FORTHE PIC16C65 AND PIC16C64 

J I Value on Value on all 
Address Name Bit 7 Bit6 Bits Bit4 Bit3 Bit2 Bit 1 BitO Power-On other resets 

Reset (Note2) 

Banko 

oot INDF Addressing this location uses. contents of FSR to address data memory (not a physical register) 00000000 00000000 

01 TMRO TimerO )(}(]()( )(}(]()( uuuu uuuu 

02t PCL Program Counter's (PC's) Least Significant Byte 0000 0000 0000 0000 

03t STATUS IRP I RP1 RPO TO J'lj 
I 

z DC c 00011xxx 000? ?uuu 

04t FSR Indirect data memory address pointer xxxx )(}(]()( uuuu uuuu 

05 PORTA PORTA Data Latch when written: PORTA pins when read -·XX XXXX -·UU UUUU 

06 PORTS PORTS Data Latch when written:PORTB pins when read xxxx )(}(]()( uuuu uuuu 

07 PORTC PORTC Data Latch when written: PORTC pins when read xxxx: xxxx uuuu uuuu 

08 PORTO PORTO Data Latch when written: PORTO pins when read xxxx )(}(]()( uuuu uuuu 

09 PORTE PORTE Data Latch when written: PORTE pins when read ---·--xxx --- -uuu 

OAt PC LATH ~Write Buffer for the uppers bits of the (PC)1 ---00000 ---00000 

OBt INTCON TOIE INTE RBIE I TOl.F INTF RBIF ooooooox ooooooou 

oc PIR1 PSPIF • RCIFtt TXIFtt SSPIF I CCP1 IF TMR21F TMR11F 0000 0000 0000 0000 

oDtt PIR2 CCP21F ------0 ------0 
OE TMR1L Timer1 Least Significant Byte )(}(]()( )(}(]()( uuuu uuuu 

OF TMR1H Timer1 Most Significant Byte )(}(]()( )(}(]()( uuuu uuuu 
10 T1CON T1CKPS1 T1CKPSO T10SCENJ T1SYNC TMR1CS TMR10N --000000 --uu uuuu 

11 TMR2 Timer2 00000000 0000 0000 

12 T2CON TOUTPS3 TOUTPS2 TOUTPS1 TOUTPSOI TMR20N T2CKPS1 T2CKPSO -0000000 -000 0000 

13 SSPBUF Synchron<:>us Serial Port Receive Buffer/Transmit Register xxxx xxxx uuuu uuuu 
14 SSPCON WCOL I SSPOV SSPEN CKP SSPM3 I SSPM2 SSPM1 SSPMO 0000 0000 0000 0000 

15 CCPR1L Capture/Compare/Duty Cycle Register 1 (LSB) xxxx xxxx uuuu uuuu 

16 CCPR1H Capture/Compare/Duty Cycle Register 1 (MSB) xxxxxxxx uuuu uuuu 

17 CCP1CON CCP1X CCP1Y CCP1M3 l CCP1M2 CCP1M1 CCP1MO --000000 --000000 

1stt RC STA SPEN l RCS/9 SREN CREN FERR OERR RCDS 0000-00X 0000-00x 

19tt TXREG SCI Transmit Data Register 00000000 00000000 

1Att RC REG SCI Receive Data Register 0000 0000 00000000 

1Btt CCPR2L Capture/Compare/Duty Cycle Register 2 (LSB) xxxxxxxx uuuu uuuu 

1ctt CCPR2H Capture/Compare/Duty Cycle Register 2 (MSB) xxxxxxxx uuuu uuuu 

1Dtt CCP2CON CCP2X CCP2Y CCP2M3 I CCP2M2 CCP2M1 CCP2MO xxOOOOOO xxOO 0000 

Legend: x = unknown, u = unchanged, ? =value depends on condition, shaded locations are unimplemented and read as 'O' 
t: These registers can be addressed from either bank. 

tt: These registers or bits are not physically implemented on the PIC16C64 and are read as "O". 

tttThese bits are reserved on the PIC16C65. 
Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8> whose con-

tents are transferred to the upper byte of the program counter. 
2: Other (non power-up) resets include external reset through rem or Watchdog Timer reset. 
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TABLE 4-1: 

Address Name 

1E-1F 

Bank 1 

sot INDF 

81 OPTION 

82t PCL 

83t STATUS 

84t FSA 

85 TRISA 

86 TRISB 

87 TRISC 

88 TRISD 

89 TRISE 

SPECIAL REGISTERS FOR THE PIC16C65 AND PIC16C64 (CONT.) 

Bit7 Bit6 Bit5 

Addressing this location uses contents of FSA to address data memory (not a physical register) 

RBPU INTEDG roes TOSE PSA PS2 PS1 PSO 

Program Counter's (PC's) Least Significant Byte 

IRP RP1 RPO 'l'O PD z 
Indirect daia memory address pointer 

PORTA Data Direction Register 

PORTS Data Direction Register 

PORTC Data Direction Register 

PORTD Data Direction Register 

IBF OBF IBOV PSP
MODE 

TRISE2 

DC c 

TRISE1 TRISEO 

Value on Value on all 
Power-On other resets 

Reset (Note 2) 

11111111 11111111 

00000000 0000 0000 

00011xxx 000? ?uuu 

xxxx xxxx uuuu uuuu 

--111111 --111111 

11111111 11111111 

11111111 11111111 

11111111 11111111 

0000-111 0000-111 

··-0 0000 ---0 0000 

OOOOOOOx ooooooou 

00000000 00000000 

------0 ·-·---0 

···- --0- -----u-

11111111 11111111 

0000 0000 0000 ()()()() 

-00 0000 --00 0000 

0000 -010 0000 -010 

0000 0000 0000 ()()()() 

Legend: x = unknown, u = unchanged, ? = value depends on condition, shaded locations are unimplemented and read as 'O' 
t: These registers can be addressed from either bank. 
tt: These registers or bits are not physically implemented on the PIC16C64 and are read as "O". 

tttThese bits are reserved on the PIC16C65. 
Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8> whose con

tents are transferred to the upper byte of the program counter. 
2: Other (non power-up) resets include external reset through MCLR or Watchdog Timer reset. 
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TABLE4-2: 

Address Name 

Banko 

INDF 
oot (indirect 

address) 

01 TMRO 

02t PCL 

03t STATUS 

04t FSA 

05 PORTA 

06 

Bank 1 

INDF 
sot (indirect 

address) 

81 OPTION 

a2t PCL 

83t STATUS 

84t FSR 

SPECIAL REGISTERS FORTHE PIC16C61 

Bit7 Bit6 Bit5 Bit4 Bit 3 Bit2 Bit 1 BitO 

Addressing this location uses contents of FSA lo address data memory (not a physical register) 

TimerO 

Program Counter's (PC's) Least Significant Byte 

IAP AP1 APO iO z DC c 
Indirect data memory address pointer 

PORTA Data Latch when written: PORTA pins when read 

Addressing this location uses contents of FSA to address data memory (not a physical register) 

!=IBl5U INTEDG TOCS TOSE PSA PS2 PS1 PSO 

Program Counter's (PC's) Least Significant By.le 

IRP AP1 APO 

Indirect data memory address pointer 

TO PU z DC c 

PORTA Data Direction Register 

Write Buffer for the uppsr 5 bits of the Program Counter (PC) 
(Note1) 

INTE ABIE TOIF INTF ABIF 

Value on Value on all 
Power-On other resets 

Reset (Note 2) 

00000000 00000000 

xxxx xxxx uuuu uuuu 

00000000 0000 0000 

00011xxx 000? ?uuu 

xxxx xxxx uuuu uuuu 

---x xxxx ---u uuuu 

xxxxxxxx uuuu uuuu 

---0 0000 ---00000 

OOOOOOOx ooooooou 

00000000 00000000 

1111 1111 1111 1111 

00000000 00000000 

0001 lxxx 000? ?uuu 

xxxx xxxx uuuu uuuu 

--11111 --11111 

1111 1111 1111 1111 

---00000 ---00000 

ooooooox ooooooou 

Legend: x = unknown, u = unchanged, ? =value depends on condition, shaded locations are unimplemented and read as 'O' 
t: These registers can be addressed from either bank. 

Note 1: The upper byte of the program counter is not directly accessible. PC LATH is a holding register for the PC<12:B> whose con
tents are transferred to the upper byte of the program counter. 

2: Other (non power-up) resets include external reset through~ or Watchdog Timer reset. 
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4.2.2.1 STATUS REGISTER 

The STATUS register, shown in Figure 4-7, contains 
the arithmetic status of the ALU, the RESET status and 
the bank select bits for data memory. 

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 or C bits, then the write lo these three bits is dis
abled. These bits are set or cleared according to the 
logic. Furthermore, the TO and PD bits are not writ
able. Therefore, the result of an instruction with the 
STATUS register as destination may be dnferent than 
intended. 

PIC16C6X 

It is recommended, therefore, that only BCF, BSF, 
SWAPP and MOVWF instructions are used to alter the 
status registers because these instructions do not 
affect any status bit. For other instructions, not affecting 
any status bits, see the "Instruction Set Summary 

For example, CLRF STATUS will clear the upper-three 
bits and set the Z bit. This leaves the status register 
asOOOUU1UU (where U =unchanged). 

FIGURE 4-7: STATUS REGISTER 

A/W A/W A/W A A A/W A/W A/W 

l IAP l AP1 RPOl TC5 l ]5[)" l Z l DC l C J 
117 -;;- l 

--
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Register: STATUS W: 
Address: 03h or 83h A: 
POR value: 0001 1xxx U: 

bito TO, mare uniquely set or cleared 

C: Canyiborrow bit. 
For ADDWF and ADDLW instructions. 

Writable 
Readable 
Unimplemented, 
read as'O' 

1 = A carry~out from the most significant bit of the result occurred. 
Nots that a subtraction is executed by adding the two's 
complement of the second operand. For rotata (RAF, ALF) 
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 blt of the result. 
Note: For borrow the polarity Is reversed. 

DC: Digit carrylbOrrow bit. 
For ADDWF and AODLW instructions. 
1 = A carry-out from the 4th low order bit of the result occurred. 
O = No cany-out from the 4th low order bit of the resuh. 
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 logic operation is not zero. 

l'l>: Power down bit. 
1 = After power-up or by a CLRWOT command. 
o = By execution of the SLEEP instruction. 

Tel: Time-out bit. 
1 = After power-up and by the CLRWDT and SLEEP instruction. 
O = A watchdog timer time-out has occurred. 

RP<1 :O>: Register bank select bits for direct addressing. 

00 =Bank 0 (OOh. 7Fh) 
01 =Bank 1 (BOh • FFh) 
10 =Bank 2 (100h • 17Fh) 
11 =Bank 3 (180h • 1FFh) 

Each bank is 128 bytes. 
On~ the RPO bit is used by the PIC16C6X. 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 bank select bits for indirect addressing. 
0 = Bank 0, 1 (OOh • FFh) 
1 =Bank 2,3 (100h • 1 FFh) 

The IAP bit is not used by tho PIC16C6X. IRPshould 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, shown in Figure 4-8, is a read
able and wrltable register which contains various con
trol bits to configure the TMRO/WDT prescaler, the 
external INT interrupt, TMRO, and the weak pull-ups on 
PORTB. 

FIGURE 4-8: OPTION REGISTER 

RNI RN/ RNI RN/ RN/ Rm RNI RNI 

l i1B"P!JJ INTEDaj_TocsJ Tos:_l PSA JPS~ PS1 I Psoj 

~u ~o 

L::so 
Register: OPTION 
Address: 81h 
POR value: FFh 

PRESCALER VALUE 
PS2 PS1 PSO 

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

1 0 

PSA: Prescaler assignment bit. 
1 = Prescaler assigned to the WOT 
O = Prescaler assigned to TMRO 

TOSE: TM RO source edge. 

W: Writable 
R: Readable 
U: Unimplemented. 

Read as 'O' 

TMRO RATE WDTRATE 

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

1 = lncr.,ment on high-to-low transition on RA4/TOCKI pin 
o = Increment on low-to-high transition on RA4/TOCKI pin 
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TOCS: TMRO clock source. 

1 =Transition on RA4/TOCK1 pin 
O = Internal instruction cycle clock (CLKOUT) 

INTEDG: Interrupt edge select. 

1 =Interrupt on rising edge of ABO/INT pin 
o = Interrupt on falling edge of ABO/INT pin 

RBPU: PortB pull-up enable. 

1 = PortB pull-ups are disabled overriding any port latch value 
O = PortB pull-ups are enabled by individual port-latch values 
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4.2.2.3 INTCON REGISTER 

The INTCON Register is a readable and writable regis
ter which contains the various enable and flag bits for 
the TimerO overflow, RB port change and external INT 
pin interrupts. Figure 4-9 shows the bits for the 
INTCON Register for the PIC16C65 and PIC16C64. 
Figure 4-1 O shows the INTCON register for . the 
PIC16C61. 

PIC16C6X 

FIGURE 4-9: INTCON REGISTER FOR PIC16C65 AND PIC16C64 ONLY 

R/W R/W R/W R/W R/W RIW R/W R/W 

[ GIE l PEIE l TOIE l INTE l ABIE l TOIF llNTF l RBIF J 
b it7 bi to 

© 1995 Microchip Technology Inc. 

Register: INTCON W: 
Address: OBh or BBh R: 
POR value: 0000 OOOxb U: 

Writable 
Readable 
Unimplemented, 
read as 'O' 

RBIF: RB port change interrupt flag. 
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 ftag. 

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: I NT 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 
O = Disables all peripheral interrupts 

GIE: Global interrupt enable. 

1 = Enables all un-masked interrupts 
O = Disables all interrupts 
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FIGURE 4·10: INTCON REGISTER FOR PIC16C61 ONLY 

R/W U R/W R/W R/W R/W R/W R/W 

[ GIE I - l TOIE l INTEl ABIE l TOIF l INTF l RBIF J 
b it7 IO 

Li1 
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Register: INTCON W: Writable 
Address: OBh or 8Bh A: Readable 
POR value:OOOO OOOxb U: Unimplemented 

read as 'O' 

RBIF: RB port change Interrupt ftag. 
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 nag. 
1 = The external I NT interrupt has occurred. 

Must be cleared by software. 
o =The INT Interrupt did not occur 
TOIF: TMRO overflow lnierrtipt flag. 
1 =The TMRO has overflowed. 

Must be cleared by.software. 
o = TMRO did not overflow. 

ABIE: 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 

Unimplemented 

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 4-11 shows the PIE1 reg
isterforthe PIC16C65 and Figure 4-12 shows the PIE1 
register for the PIC16C64. 

FIGURE 4-11: PIE1 REGISTER FOR PIC16C65 ONLY 

R/W RN/ R/W R/W RN/ RN/ RN/ 

[PsP1EI - I RCIEI T><1EissP1EjccP11EjTMR21E lTMR11Ej 

blt7 bito 

'---
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PIC16C6X 

Register: PIE1 W: Writable 
Address: 8Ch R: Readable 
PORvalue: OOh U: Unimplemented, 

read as'O' 

TMR11E: nmer1 interrupt enable bit. 
1 =Enables TMR11F interrupt. 
O = Disables TMR1 IF Interrupt. 

TMR21E: nmer2 Interrupt enable bit. 
1 = Enables TMR21F interrupt 
o = Disables TMR21F interrupt. 

CCP1 IE: CCP 1 interrupt enable bit 
1 = Enables CCP1 IF interrupt 
0 = Disables CCP1 IF Interrupt. 

SSPIE: Synchronous serial port interrupt enable bit 
1 = Enables SSPIF interrupt. 
0 = Disables SSPIF interrupt. 

TXIE: Serial communication interface transmit 
interrupt enable bit. 

1 = Enables TXIF Interrupt 
O = Disables TXIF interrupt. 

RCIE: Serial communication interface receive 
interrupt enable bit. 

1 = Enables RCIF Interrupt. 
O = Disables RCIF Interrupt 

Reserved 

PSPIE: Parallel slave port interrupt enable bit. 
1 = Enables PSPIF Interrupt. 
o = Disables PSPIF Interrupt 
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FIGURE 4-12: PIE1 REGISTER FOR PIC16C64 ONLY 

R/W 'U u u R/W R/W R/W 

[ PSPIEI - I - I - I SSPIE I CCP11E I TMR21E I TMR11EJ 

bit7 bi to 

~ 
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Register: PIE1 W: Writable 
Address: 8Ch R: Readable 
PORvalue: OOh U: Unimplemented, 

read as 'O' 

TMR11E: Timer1 interrupt enable bit. 

1= Enables TMR11F interrupt. 
O = Disables TMR1 IF Interrupt. 

TMR21E: Timer2 interrupt enable bit. 

1 =Enables TMR21F interrupt. 
O = Disables TMR21F interrupt. 

CCP1 IE: CCP 1 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 

PSPIE: Parallel slave port interrupt enable bit. 
1 = Enables PSPIF Interrupt 
0 = Disables PSPIF interrupt 
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4.2.2.5 PIR1 REGISTER 

This register contains the individual flag bits for the 
Peripheral interrupts. Figure 4-13 shows the PIR1 reg
ister for the PIC16C65 and Figure 4-14 shows the PIR1 
register for the PIC16C64. 

FIGURE 4-13: PIR1 REGISTER FOR PIC16C65 ONLY 

R/W R R R/W R/W R/W R/W 

l PSPIF l -l RCl1 TXl1 SSPIF JccP1 IF JrMR21F l TMR1 IF J 
bit7 bi!O 

'---

/ 
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Register: PIR1 
Address: OCh 
POR value: OOh 

W: Writable 
R: Readable 
U: Unimplemented, 

read as'O' 

TMR11F: 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. 
O =No Timer1 compare match occurred. 

PWM Mode 
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. 
O =Transmit buffer is full. 

RCIF: Serial communication interface receive 
interrupt flag. 

1 = Receive buffer is full. 
o =Receive buffer is empty. 

Reserved 

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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FIGURE 4-14: PIR1 REGISTER FOR PIC16C64 ONLY 

R/W u u u R/W R/W R/W R/W 

l PSPIF 1-l -1- l SSPIF l CCP1 IFI TMR21F1 TMR11FJ 

bit7 bi to 

'----
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Register: PIR1 
Address: OCh 
POR value: OOh 

W: Writable 
R: Readable • I 
U: Unimplemented, 

read as 'O' 

TMR11F: Timer1 interrupt ffag. 
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. 
o = 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. 
o =No Timer1 compare match occurred. 

PWMMode 
Unused 

SSPIF: Synchronous serial port 
1 = A transmission/reception is completed. 

Must be cleared in software. 
O =Waiting to transmit/receive. 

Unimplemented 

PSPIF: Parallel slave port read/write interrupt ftag. 
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 PIE2 REGISTER 

This register, implemented on the PIC16C65 only, con
tains the individual enable bit for the Peripheral Inter
rupts (see Figure 4-15). 

FIGURE 4-15: PIE2 REGISTER FOR PIC16C65 ONLY 

u u u u u u u R/W 

CCP21E 

bit7 bitO 
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Register: PIE2 
Address: BDh 
POR value: OOh 

PIC16C6X 

W: Writable 
R: Readable 
U: Unimplemented, 

read as'O' 

CCP21E: CCP2 interrupt enable bit 
1 = Enables CCP21F interrupt 
O =Disables CCP21F interrupt 

Unimplemented, read as 'O'. 
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4.2.2.7 PIR2 REGISTER 

This register, implemented on the PIC16C65 only, con
tains the individual flag bit for the Peripheral interrupts 
(see Figure 4-16). 

_,,_. 

FIGURE 4-16: PIR2 REGISTER FOi:t:'PIC16C65 ONLY 

u u u u u u u R/W 

CCP21F 

bit7 
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Register: PIR2 
Address: ODh 
POR value: OOh 

W: Writable 
R: Readable 
U: Unimplemented, 

readas'O' 

CCP21F: Capture2/Compare2/PWM2 Interrupt 
Capture Mode 

1 = A Tlmer1 capture has occurred. 
Must be cleared by sollware. 

O = No Timer1 capture occurred. 

Compare Mode 
1 = A Timer1 compare match has occurred. 

Must be cleared by sollware. 
O = No Timer1 compare match occurred. 

PWMMode 
Unused 

Unimplemented, read as 'O'. 
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4.2.2.8 PCON REGISTER 

The Power Control (PCON) register, implemented on 
the PIC16C65 and PIC16C64 only, contains a flag bit to 
allow differentiation between a Power-on Reset to an 
external~ reset or WOT reset (see Figure 4-17). 

PIC16C6X 

FIGURE 4-17: PCON REGISTER FOR PIC16C65 AND PIC16C64 ONLY 

u u u u u u R/W R/W 

[ - l -1 -1 -1 -1 -1 J50R' 1- J Register: PCON W: Writable 
Address: 8Eh R: Readable 

blt7 
rto 

POR value: OOh 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 
compatibillty with future products. 

'PtJR: 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'. 
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4.3 PCL and PCLATH 

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. 
PCLATH is a holding register for PC<15:8> where con
tents are transferred to the upper byte of the program 
counter. 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· 18. 

FIGURE 4-18: LOADING OF PC IN 
DIFFERENT SITUATIONS 

PCH PCL 
12 0 

PC I ii: INST with eQ!. 
..D..dm 

5 ALU result 

PCLATH 

PCH PCL 
0 

I .GQIQ QllLL 

i 11 
Opcode <10:0> 

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, "Tabla 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, Figure 4-2 and Figure 4-3). 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 RET
FIE instruction execution. PCLATH is not affected by a 
"PUSH" or a "POP" operation. 

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). 

DS30234A-page 2-340 

4.3.3 PROGRAM MEMORY PAGING 

· The PIC16C65 has 4K of program memory, but the 
CALL and GOTO instructions only have an 11 ·bit 
address range. This 11-bit address range allows a 
branch within a 2K program memory page size. To 
allow CALL and GOTO instructions to address the entire 
4K program memory address range, there must be 
another bit to specify the program memory page. This 
paging bit comes from the PCLATH<3> bit (see 
Figure 4·18). 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, manipu
lation of the PCLATH<3> is not required for the return 
instructions (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). 
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EXAMPLE 4-1: CALL OF A SUBROUTINE IN 
PAGE 1 FROM PAGE 0 

ORG OXSOO 
BSF 
CALL 

PCLATH, 
SUBl_Pl 

ORG OX900 
SUBl Pl : 

Select page 1 (800h-FFFh) 
Call subroutine in 
page 1 (800h-FFFh) 

called subroutine 
page 1 (800h-FFFh) 

RETURN return to page u 
(000h-7FFh) 

4.4 Indirect Addressing. INDF and FSR 
Registers 

The INDF register is not a physical register. Addressing 
the INDF register will cause indirect addressing. 

Indirect addressing is possible by using the INDF regis
ter. Any instruction using the INDF register actually 
accesses data pointed to by the file select register 
(FSR). Reading INDF itsett 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 

FIGURE 4-19: DIRECT/INDIRECT ADDRESSING 

Direct Addressing 

RP1 RPO 6 from opcode 0 

mo I I I I 
"--v---J 
bank select location select ~OO ----~---

'-~--------tc:--~-" 00 01 

Data 
Memory 

10 

PIC16C6X 

8-bit FSR register and the IRP bit (STATUS<?>), as 
shown in Figure 4-19. However, IRP is not used in the 
PIC16C6X. 

A simple program to clear RAM location 20h-2Fh using 
indirect addressing is shown in Example 4-2. 

EXAMPLE 4-2: INDIRECT ADDRESSING 

movlw Ox20 ;initialize pointer 

rnovf FSR ;to RAM 

NEXT clrf INDF ;clear INDF register 

inc F'SR ;inc pointer 

btfss FSR,4 ;all done? 

goto NEXT ;no clear next 

;yes continue 
CONTINUE: 

Indirect Addressing 

IRP 7 FSA 00 

bank select 

J 

location select 

11 ...,.; 
00 

.. 

Bank 0 Bank 1 Bank 2 Bank 3 

Note: For memory map detail see Figure 4-4, Figure 4-5 and Figure 4-6. 
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NOTES: 
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5.0 1/0 PORTS 
The PIC16C65 and PIC16C64 have five ports, PORTA 
through PORTE and the PIC16C61 has two ports, 
PORTA and PORTB. These port pins may be multi· 
plexed with an alternate function for the peripheral fea
tures on the device. 

5.1 PORTA and TRISA Registers 

PORTA is a 6-bit wide latch for the PIC16C65 and 
PIC16C64 and is a 5-bit wide latch for the PIC16C61. 
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 puts the corresponding out
put driver in a high impedance mode. A 'O' in the TRISA 
register puts the contents of the output latch on the 
selected pin(s). 

Reading PORTA register reads the status of the pins 
whereas writing to it will write to the port latch. All write 
operations are read-modify-write operations. So a write 
to a port implies that the port pins are first read, then 
this value is modified and written to the port data latch. 

Port RA4 is multiplexed with TMRO clock input. 

FIGURE 5-1: BLOCK DIAGRAM OF 
RA<3:0> (AND RA<5> ON THE 
PIC16C65/PIC16C64) PINS 

Data 
bus 

D Q 

'WR Voo 
PORT' 

D 

'WR 
TRIS" 

Note: 1/0 pins have protection diodes to Voo and Vss 
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EXAMPLE 5-1: INITIALIZING PORTA 
CLRF PORTA ;Initialize PORTA by setting 

; output data latches 

BSF 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 1 0 1 • 

FIGURE 5-2: BLOCK DIAGRAM OF RA4 PIN 

Data 
bus __ ......, D a 
"WR 
PORT' 

"WR 

CK'- 0 
Data Latch 

D Q 

_T_Rl_S_" +-•CK"-. Q 

TRIS Latch 

"RD 
TRIS A" 

a 

Schmitt 
trigger 
lnJ)Ut 
buffer 

D 

EN 

Note: 1/0 pin has protection diodes to Vss only. 
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TABLE5·1: PORTA FUNCTIONS 

Name BitO 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 1 bit5 TTL Input/output, slave select input for synchronous serial port. 

Legend: TTL =TTL input, ST = Schmitt trigger Input 

TABLES-2: SUMMARY OF PORTA REGISTERS 

Register 
Function Address Power-on Reset Value 

Name 

PORTA PORTA pins when read 05h --xx xxxx1 

PORTA data latch when written 
TRISA PORTA data direction register 85h --11 11111 

O = output, 1 = input 

Legend: x =unknown, - =unimplemented, read as a 'O'. For reset values of registers in other reset situations refer to Table 13-8. 
Note 1: The PIC16C61 does not have PORTA bit 5 or TRISA bit 5, read as 'O'. 
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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 regis
ter is TRISB (address 86h). A '1' in the TRISB register 
puts the corresponding output driver in a high imped
ance mode. A 'O' in the TRISB register puts the contents 
of the output latch on the selected pin(s). 

EXAMPLE 5-2: INITIALIZING PORTB 
CLRF PORTB 

BSF STATUS, RPO 

MOVLW OxCF 

MOVWF TRISB 

Initialize PORTB data 
latches before setting 

the data direction 
register 

Select Bankl 

Value used to initialize 
data direction 
Set RB<3:0> as inputs 

RB<5:4> as outputs 
RBZZ<7:6> as inputs 

Each of the PORTB pins has a weak internal pull-up. A 
single control bit can turn on all the pull-ups. This is 
done by clearing the RBPU (OPTION<7>) bit. The 
weak pull-up is automatically turned off when the port 
pin is configured as an output. The pull-ups are dis
abled 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 con
figured 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>). 

This interrupt can wake the device up from SLEEP. The 
user, in the interrupt service routine, can clear the inter
rupt in one of two ways: 

a) Disable the interrupt by clearing RBIE 
(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 Control Handboof<J. 
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The interrupt on change feature is recommended for 
wake-up on key depression operation and operations 
where PORTB is only used for the interrupt on change 
feature. Polling of PORTB is not recommended while 
using the Interrupt on change feature. 

FIGURE 5-3: BLOCK DIAGRAM OF 

Sot 
RBIF 

RB<7:4> PINS 

Note: 1. Weak pul~up Is enabled W 
TRISB = 1 and RBPU, Option <7>, = 0 

2. VO pins have diode protection to Voo and Vss 

FIGURE 5-4: BLOCK DIAGRAM OF 
RB<3:0> PINS 

Data bu& 

'WR Port" 

"WRTRIS" 
----t-•CK'-

"RD TRIS" 

"RD Port" 

Note: 1. Weak pull-up ts enabled H 

VDD 

"RD Port" 

TRISB = 1 and RBPU, Option <7>, = 0 
2. 1/0 pins have diode protection to Voo and Vss. 
s. For ABO/INT pin, the INT input comes through a 

Schmitt trigger input buffer. 
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TABLE 5-3: PORTB FUNCTIONS 

Name Bit Buffer Type Function 

RBO/INT bitO TIUSTt Input/output pin or external interrupt input. Internal software 
programmable weak pull-up. 

RB1 bit1 TIL Input/output pin. Internal software programmable weak pull-up. 

RB2 bit2 TIL Input/output pin. Internal software programmable weak pull-up. 

RB3 bit3 TIL Input/output pin. Internal software programmable weak pull-up. 

RB4 bit4 TIL Input/output pin (with interrupt on change). Internal software programmable 
weak pull-up. 

RBS bits TIL Input/output pin (with interrupt on change). Internal software programmable 
weak pull-up. 

RBS bit6 TIUST:t: Input/output pin (with interrupt on change). Internal software programmable 
weak pull-up. Serial programming clock. 

RB7 bit? TIUST:t: Input/output pin (with interrupt on change). Internal software programmable 
weak pull-up. Serial programming data. 

Legend: TTL= TTL input, ST= Schmitt Trigger 
t This buffer is a Schmitt trigger input when configured as the external interrupt. 
:t: 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 data latch when written 

TRISB PORTB data direction register 86h 
O = output, 1 = input 

OPTION Weak pull-up on/off control (R'BJ50 bit) 81h 

Power-on Reset Value 

xxxx xxxx 

1111 1111 

1111 1111 

Legend: x =unknown, - =unimplemented, read as a 'O'. For reset values of registers in other reset situations refer to Table 13-8. 
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5.3 PORTC and TRISC Registers 

PORTC is an 8-bit bidirectional port available in the 
PIC16C65 and PIC16C64 only. 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 5-3: INITIALIZING PORTC 
CLRF PORTC ; Initialize PORTC data 

latches before setti1-19-

the data direction 

register 

BSF STATUS, RPO ; Select Bankl 

MOVLW OxCF ; Value used to initialize 
; data direction 

MOVWF TRI SC ; 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 

PIC16C6X 

FIGURE 5-5: PORTC BLOCK DIAGRAM 
POAT/PERIPHERAL Select 

Data bus 

PERIPHERAL 

OE 

~Ro Port'' 

Note 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. 

Function 

RCOff10SOff1 CKI bitO ST lnpuVoutput port pin or Timer1 oscillator outpuVTimer1 clock input on the 
PIC16C65 

RCOff10Slff1 CKI bitO ST lnpuVoutput port pin or Timer1 oscillator inpuVTimer1 clock input on the 
PIC16C64 

RC1ff1 OSl/CCP2 bit1 ST lnpuVoutput port pin, Timer1 oscillator input, Capture 2 inpuVCompare 2 out-
puVPWM 2 output on the PIC16C65 

RC1ff10SO bit1 ST lnpuVoutput port pin or Timer1 oscillator output on the PIC16C64 

RC2/CCP1 bit2 ST lnpuVoutput port pin or Capture1 inpuVCompare1 outpuVPWM1 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). 

RC5/SDO bit5 ST lnpuVoutput port pin or Synchronous serial port data output 

RC6ffX/CK1 bit6 ST lnpuVoutput port pin, SCI Asynchronous Transmit, or SCI Synchronous Clock 

RC7/RX/DT1 bit? ST lnpuVoutput port pin SCI Asynchronous Receive, or SCI Synchronous Data 

Legend: ST= Schmitt Trigger Input 
Note 1: TX/CK and RXIDT are not implemented on the PIC16C64. 

TABLE 5-6: SUMMARY OF PORTC REGISTERS 

Register Name Function Address Power-on Reset Value 

PORTC PORTC pins when read 07h xxxx xxxx 
PORTC data latch when written 

TRISC PORTC data direction register 87h 1111 1111 
O = output, 1 = input 

Legend: x = unknown, - = unimplemented, read as a 'O'. For reset values of registers in other reset situations refer to Table 13-8. 

© 1995 Microchip Technology Inc. DS30234A-page 2-347 



PIC16C6X 

5.4 PORTO and TRISD Registers 

PORTO is an 8-bit port with Schmitt trigger input buffers 
available in the PIC16C65 and PIC16C64 only. Each 
pin is individually configurable as input or output. 

FIGURE 5-6: PORTO BLOCK DIAGRAM 
(IN VO PORT MODE) 

PORTO can be configured as an 8-bit wide micropro
cessor port (or parallel slave port) by setting control bit 
PSPMOOE (TRISE<4>). In this mode, the input buffers 
are TTL. 

'WR 
PORT' 

'WR 
TRIS" 

D Q 

CK'-. Q 

Data Latch 

D Q 

CK'-. 0 
TRIS Latch 

"RD 
TRIS" 

a D 

Schmitt 
Trigger 

l/Opin 

Note: 1/0 pins have protection diodes to VDD and Vss. 

TABLE 5-7: PORTO FUNCTIONS 

Name Bit Buffer Type Function 

ROO/PSPO bitO STITTL Input/output port pin or parallel slave port bit 0 

R01/PSP1 bit1 ST/TTL Input/output port pin or parallel slave port bit 1 

R02/PSP2 bit2 ST/TTL Input/output port pin or parallel slave port bit 2 

R03/PSP3 bit3 STITTL 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 bits STITTL 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 when configured for general purpose 1/0, TTL= TTL input when configured for Parallel Slave 
Port (PSP). 

TABLE 5-8: SUMMARY OF PORTO REGISTERS 

Register Name Function Address Power-on Reset Value 

PORTO PORTO pins when read 08h )()()()( )()()()( 

PORTO data latch when written 

TRISO PORTO data direction register 88h 1111 1111 
0 = output, 1 = input 

Legend: x =unknown,-= unimplemented, read as a 'O'. For reset values of registers in other reset situations refer to Table 13-8. 
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5.5 PORTE and TRISE Register 

PORTE is available on the PIC16C65 and PIC16C64 
only and 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 micropro
cessor 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. In this mode the input buffers 
are TTL. 

Figure 5-8 shows the TRISE register, which also con
trols the parallel slave port operation. 

TRISE controls the direction of the RE pins. 

FIGURE 5-8: TRISE REGISTER 

R R R/W u 

PIC16C6X 

FIGURE 5-7: PORTE BLOCK DIAGRAM (IN 
VO PORT MODE) 

Data Data Latch 
bus -----< D Q f-----1 

"WR 
PORT' 

CK'L 0 

TRIS Latch 

D Qr----.-

"WR 

_T_Rl_S"-+--CK'L Q 

"RD 
TRIS" 

Schmitt e:l 
Trigger 

>-------< Q D 

EN 

1/0 pin 

[ IBF I osF}isovJ PSPMODEJ - J TRISE2 J TRISE1 J TRISEo] 
Register: TRISE 
Address: 89h 
POR value: 07h 

W: Writable 
R: Readable 
U: Unimplemented, read as 'O' 

7 bit bi to 

~ 

© 1995 Microchip Technology Inc. 

TRISEO: Direction control bit for port pin REO 

1 =Input 
O =Output 

TRISE1: Direction control bit for port pin RE1 

1 =Input 
O =Output 

TRISE2: Direction control bit for port pin RE2 
1 =Input 
0 =Output 

Unimplemented. 

Read as 'O' 

PSPMODE: Selects parallel slave port mode for ports 
RD and RE. 
1 = Parallel slave port mode. 
O = General purpose 1/0. 
IBOV: Input buffer overflow in microprocessor mode. 

1 = A write occurred when a previous input word has 
not been read. 
Must be cleared in software. 

O = No overflow has occurred. 

OBF: Output buffer full. 

1 = The output buffer still holds a previously written word. 
o = 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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TABLES-9: PORTE FUNCTIONS 

Name Bit Buffer Type Function 

REO/RD bitO STITTL Input/output port pin, Read control input in parallel slaveport mode 
RD 
1 = Not a read operation 
O = Read operation. The system reads the PIC16C65/64 
PORTO register (if chip selected) 

RE1/WR bit1 STtTTL lnputioutput port pin, Write control input in parallel slaveport mode 
WR 
1 = Not a write operation 
O =Write operation. The system writes to the PIC16C65/64 
PORTO register (if chip selected) 

RE2/CS bit2 STITTL Input/output port pin, Chip select control input in parallel slave 
port mode 

cs 
1 = Device is not selected 
o = Device is selected 

Legend: ST= Schmitt Trigger Input when configured for general purpose 1/0, TTL= TTL input for Parallel Slave Port (PSP). 

TABLE 5-10: SUMMARY OF PORTE REGISTERS 

Register Name Function Address Power-on Reset Value 

PORTE PORTE pins when read 09h ---- -xxx 
PORTE data latch when written 

TRISE PORTE data direction control bits and 89h 0000 -111 
PORTO mode control 

Legend: x =unknown,-= unimplemented, read as a 'O'. For reset values of registers in other reset situations refer to Table 13-8. 
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5.6 

5.6.1 

VO Programming Considerations 

BIDIRECTIONAL 1/0 PORTS 

Any instruction which writes, operates internally as a 
read followed by a write operation. 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 (e.g., bit 
0) and it is defined as an input at this time, the input sig
nal 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. 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 
instructions (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 5-4 shows the effect of two sequential read 
modify write instructions (ex. BCF, BSF, etc.) on an 1/0 
PORT. 

FIGURE 5-9: SUCCESSIVE 1/0 OPERATION 

PIC16C6X 

EXAMPLE 5-4: READ MODIFY WRITE 
INSTRUCTIONS ON AN 
VO PORT 

; Initial PORT settings: PORTE<7:4> Inputs 

PORTE<3:0> Outputs 
;PORTB<7:6> have external pull-up and are not 
;connected to other circuitry 

ECF PORTE, 7 

ECF PORTE, 6 
ESF STATUS, RPO 
ECF TRISE, 7 

BCF TRISE, 6 

PORT latch PORT pins 

; Olpp pppp 

; lOpp pppp 

; lOpp pppp 

; lOpp pppp 

llpppppp 

llpp pppp 

llpppppp 
lOpppppp 

;Note that the user may have expected the pin 
;values to be OOpp pppp. The 2nd ECF caused 

;RE7 to be latched as the pin value (High). 

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. 

5.6.2 SUCCESSIVE OPERATIONS ON VO 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 
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 another instruction not 
accessing this 1/0 port. 

: 01 I 021 03f 04: 01 I 021 03f 04: 01 I 021 03f 04: 01 I 021 03f 04: Note: 

Instruction 
fetched : MO~ie~RTS :MOVFPORTS.W 

PORTS 

RS<7:0> 

1::~~: : MOVWF PORTS :MOVF PORTS.W 
write to 
PORTB 

© 1995 Microchip Technology Inc. 

NOP 

'Port pin 
: sampled here 

NOP 

NOP 

NOP 

This example shows a write to PORTS 
followed by a read from PORTS. 

Note that 
data setup time= {0.25 Tcv - TPD) 
where TcY =instruction cycle. 

TPO =propagation delay 

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 asynchronously 
readable and writable by the external world through 
RD 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 PORTO 
latch as an 8-bit latch. Setting PSPMODE enables the 
port pin REO to be the "RO input, RE1 to be the WR input 
and RE2 to be the CS (chip select) input. For this func
tionality, 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 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. Once 
the PORTO input latch is read by the PIC16C65/64, 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 micro
processor, 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 th'e CPU. 

When not in PSPMODE, IBF and OBF bits are held 
clear. 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 interrupt flag must be cleared 
by the CPU and the interrupt can be disabled by clear
ing the interrupt enable bit PSPIE (PIE1<7>). 

FIGURE 5-10: PORTO AND PORTE AS A 
PARALLEL SLAVE PORT 

P--------------------------------1 
' ' • Data bus 1 

Set interru t fl 
PSPIF (PIR1<7>) 

Write 

ADxpin 

TTL 

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 

PORTE Parallel slave port Read/Write/Chip Select 09h ---- -xxx 
signals 

TRISE Control bits for PORTE peripheral 89h 0000 -111 

PIR1 Interrupt register (PSPIF bit) OCh 0000 0000 

PIE1 Interrupt Enable register (PSPIE bit) 8Ch 0000 0000 

Legend: x =unknown, - =unimplemented, read as a 'O'. 
Note: For reset values of registers in other reset situations refer to Table 13-8. 
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TABLE 5-12: REGISTERS ASSOCIATED WITH PARALLEL SLAVE PORT 

Address Name Bit 7 Bit 6 Bit5 

08h PORTO PORTO 
09h PORTE PORTE 
89h TRISE IBF 
OCh PIR1 PSPIF 

8Ch PIE1 PSPIE 

Legend: - =unimplemented locations, read as a 'O'. 
Note: Shaded boxes are not used by Parallel Slave Port module. 
Note 1: These bits are not implemented on the PIC16C64. 

tThese bits are reserved on the PIC16C65. 

© 1995 Microchip Technology Inc. 

Bit4 Bit 3 Bit2 

PIC16C6X 

Bit 1 Bit 0 

• 
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NOTES: 
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6.0 OVERVIEW OF TIMER 
MODULES 

The PIC16C65 and PIC16C64 have three timer mod
ules. The PIC16C61 has one timer module. Each mod
ule can generate an interrupt to indicate that an event 
has occurred (i.e. timer overflow). Each of these mod
ules is explained in full detail in the following sections. 
The timer modules are: 

• Timero (TMRO) module (see Section 7.0) 
• Timer1 (TMR1) module (see Section 8.0) 

• Timer2 (TMR2) module (see Section 9.0) 

For enhanced time-based functionality, two additional 
modules can be used with either of the TMR1 orTMR2 
modules. There are: 

• Capture/Compare/PWM1 (CCP1) module (see 
Section 10.0) 

• Capture/Compare/PWM2 (CCP2) module (see 
Section 10.0) 

6.1 TimerO CTMRO) Overview 

The TMRO module (previously known as RTCC) 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. 

6.2 Timer1 CTMR1) 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 asynchro
nously to the device. Asynchronous operation allows 
TMR1 to operate during sleep, which is useful for appli
cations that require a real time clock as well as the 
power savings of sleep mode. 

© 1995 Microchip Technology Inc. 
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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 or CCP2) module. When 
used with the CCP 1or CCP2 module, TMR1 is the 
timebase for 16-bit capture or the 16-bit compare. 
When using the TMR1 module with the CCP1 or CCP2 
module, TMR1 must be synchronized to the device. 

6.3 Timer2 CTMR2) Overview 

Timer2 (TMR2) is an 8-bit timer. TMR2 has both a pro
grammable 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 regis
ter (PR2) a programmable number of times before gen
erating an interrupt. The postscaler can be 
programmed from 1 :1 to 1 :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 up to 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) and TMR1 can be reset (CCP1 ). This depends on 
the control bits CCPxM3 - CCPxMO. 

PWM mode, compares TMR2 to a 10-bit duty cycle reg
ister as well as to an 8-bit period register (PR2). When 
the TMR2 = PR2, TMR2 is cleared 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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NOTES: 
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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 

• 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 TOCS bit 
(OPTION<5>). In timer mode, the TMRO module will 
increment every instruction cycle (without prescaler). If 
TMRO is written, the increment is inhibited for the fol
lowing two cycles (see Figure 7-2 and Figure 7-3). The 
user can work around this by writing an adjusted value 
to the TMRO module. 

Counter mode is selected by setting the TOCS 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 the TO source 
edge (TOSE) control bit (OPTION<4>). Clearing the 

FIGURE 7-1: TIMERO (TMRO) BLOCK DIAGRAM 

TOCKI 
pin 

fosc/4 

~ 
TOSE 

Programmable 
Prescaler 

PIC16C6X 

TOSE bit selects the rising edge. Restrictions on the 
external clock input are discussed 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 the 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 select
able. Section 7.3 details the operation of the prescaler. 

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 clear
ing 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 7-4 for TMRO 
interrupt timing. 

Data bus 

PS out s 

Sync with 
Internal TMRO 
clocks 

~---~ 
PSout 

(2 cycle delay) 

PS2,PS1,PSO PSA 
SetTOIF 

Interrupt on 
Overflow TOCS 

Note 1: Bits, TOSE, TOCS, PS2, PS1, PSO and PSA are located in the OPTION register. 
Note 2: The prescaler is shared with Watchdog Timer (refer to Figure 7-6 for detailed diagram) 

FIGURE 7-2: 

PC 

~~r:0 
Instruction 
Fetch 

TMRO 

Instruction 
Executed 

TIME RO (TMRO) TIMING: INTERNAL CLOCK/NO PRESCALE 

Pb-1 PC PC+1 PC+2 PC+3 PC+4 Pc+s 

: MOVWFTMRO : MOVFTMRO,W : MOVFTMRO,W: MOVFTMRO,W : MOVFTMRO,W : MOVFTMRO,W : 

::::r&=::J J'.O+l Io+2 NTO NTO NTO x : NT0+1 x : 

t t t t t 
WriteTMAO ReadTMRO ReadTMRO Read TMRO ReadTMRO 
executed reads NTO reads NTO reads NTO reads NTO + 1 

PC+6 

NT0+2 x:::: 

t 
ReadTMRO 
reads NTO + 2 
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FIGURE 7-3: TIME RO (TMRO) TIMING: INTERNAL CLOCK/PRESCALE 1 :2 

PC 
(Program 
Counter) PC-1 PC PC+1 PC+2 PG+3 PG+4 Pc+s 

Instruction 
Fetch 

: MOVWFTMRO : MOVFTMRO,W : MOVFTMRO,W : MOVFTMRD,W : MOVFTMRO,W : MOVFTMRO,W : 

TMRO 

Instruction 
Execute 

FIGURE 7-4: 

TO+l x 

t t 
WriteTMRO ReadTMRO 
executed reads NTO 

TIMERO (TMRO) INTERRUPT TIMING 

NTO )(: 
t t t 
ReadTMRO ReadTMRO ReadTMAO 
reads NTO reads NTO reads NTO 

PC+e 

NT0+1 

t 
ReadTMRO 
reads NTO + 1 

01 I 02 I 03 I 04: 01 I 02 I 03 I 04: 01 I 02 I 03 I 04: 011021031 04: 011021031 04: 

OSC1 

CLKOUT(3): 

TMROtimer '. FEh x FFh x OOh x 
TOIFbit + (j) TCD 
(INTCON<2>) '. 

GIEbit 
(INTCON<7>) • 

INSTRUCTION 'FLOW 

PC PC ~ PC+1 x PC+1 

Instruction 
lnst(PC) lnst(PC+1) fetched 

Instruction 
executed lnst(PC-1) lnst(PC) Dummy cycle 

Note 1:TOIF interrupt flag is sampled here (every 01). 
2: Interrupt latency= 4Tcy where Tcy =instruction cycle time. 
3: CLKOUT is available only in RC oscillator mode. 
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~ 0004h ~ OOOSh 
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7.2 Using TMRO with External Clock 

When an external clock input is used for TMRO, it must 
meet certain requirements. The external clock require
ment is due to internal phase clock (Tosc) synchroniza
tion. Also, there is a delay in the actual incrementing of 
TMRO after synchronization. 

7.2.1 EXTERNAL CLOCK SYNCHRONIZATION 

When no prescaler is used, the external clock input is 
the same as the prescaler output. The synchronization 
of TOCKI with the internal phase clocks is accom
plished by sampling the prescaler output on the 02 and 
04 cycles of the internal phase clocks (see Figure 7-5). 
Therefore, it is necessary for TOCKI to be high for at 
least 2Tosc (and a small RC delay of 20ns) and low for 
at least 2Tosc (and a small RC delay of 20ns). Refer to 
the electrical specification of the desired device. 

When a prescaler is used, the external clock input is 
divided by the asynchronous ripple counter-type pres
caler so that the prescaler output is symmetrical. For 
the external clock to meet the sampling requirement, 
the ripple counter must be taken into account. There
fore, it is necessary for TOCKI to have a period of at 
least 4 Tosc (and a small RC delay of 40ns) divided by 
the prescaler value. The only requirement on TOCKI 
high and low time is that they do not violate the mini
mum pulse width requirement of 1 Ons. Refer to param
eters 40, 41 and 42 in the electrical specification of the 
desired device. 

7.2.2 TMRO INCREMENT DELAY 

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 mod
ule is actually incremented. Figure 7-5 shows the delay 
from the external clock edge to the timer incrementing. 

© 1995 Microchip Technology Inc. 
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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 exclusive between the 
TMRO module and the Watchdog Timer. Thus, a pres
caler 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 prescale 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 pres
caler is not readable or writable. 
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FIGURE 7-5: TIMEROTIMINGWITH EXTERNAL CLOCK 

01 I 021 031 04 01 I 021 031 04 01 I 021 031 04 011 021 031 041 
Small pulse 
misses sampling 

EXT CLOCK INPUT OR 

PRESCALER OUT (NOTE 2) ,~~ .......... ---+-~ 

EXT CLOCK/PRESCALER 
OUTPUT AFTER SAMPLING 

INCREMENT TMRO (04) >-------+----~ 

,,,,.~t J 
TMRO 1-------+------''--+--~--''--+-~--+_2 __ 1 

Notes: 

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

2. External clock tt 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 
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Note: TOSE, Toes, 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 WDT. 

EXAMPLE 7·1: CHANGING PRESCALER 
(TM RO--t WOT) 

BCF STATUS, RPO ;Bank 0 
CLRF TMRO ; Clear TMRO & Prescaler 
BSF STATUS, RPO ;Bank 1 

CLRWDT ;Clears WDT 
MOVLW B'xxxxlxxx' ;Select new prescaler 
MOVWF OPTION ;value 
BCF STATUS, RPO ;Bank O 

TABLE 7·1: SUMMARY OFTMRO REGISTERS 

Register Name Function 

TMRO Timer/counter register 

OPTION Configuration and prescaler assign-

men! bits forTMRO. See Figure 7-5. 

INTCON TMRO overflow interrupt flag and 

mask bits. See Figure 7-6 

Legend: x = unknown, - = unimplemented, reads as a 'O'. 

PIC16C6X 

To change prescaler from the WDT to the TMRO mod
ule use the sequence shown in Example 7-2. This pre
caution must be taken even if the WDT is disabled. 

EXAMPLE 7-2: CHANGING PRESCALER 
(WOT --t TM RO) 

CLRWDT ;Clear WDT and 
;prescaler 

BSF STATUS, RPO 
MOVLW B 'xxxxOxxx 1 ; Select TMRO, new 

;prescale value and 
;clock source 

MOVWF OPTION 
BCF STATUS, RPO 

Address Power-on Reset Value 

01h xxxx xxxx 
81h 1111 1111 

OBh 0000 OOOx 

Note: For reset values of registers in other reset situations refer to Table 13-8. 

TABLE 7-2: REGISTERS ASSOCIATED WITHTMRO 

Address Name 

01h TMRO 

0Bh/8Bh INTCON 

81h OPTION 

85h TRISA 

Legend: - = Unimplemented locations, Read as 'O' 
Note: Shaded boxes are not used by TMRO module 
Note 1: This bit is not available in the PIC16C61 
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NOTES: 
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8.0 TIMER1 (TMR1) MODULE 
TMR1 is a 16-bit timer/counter consisting of two 8-bit 
registers (TMR1 H andTMR1L) which are readable and 
writable. TMR1 increments from OOOOh to FFFFh and 
rolls over to OOOOh. The TMR1 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 TMR1 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 
(T1CON<1>). 

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. 

TMR1 can be turned on or off using the control bit 
TMR10N (T1CON<0>). 

FIGURE 8-1: T1CON :TIMER CONTROL REGISTER 

u u R/W R/W R/W R/W R/W 

PIC16C6X 

TMR1 also has an internal "reset inpuf'. This reset can 
be generated by CCP1 or CCP2 (Capture/com
pare/PWM) module. See Section 10.0 for details. 
Figure 8-1 shows the Timer1 control register. 

When the TMR1 oscillator is enabled (T10SCEN is 
set), the RC1/T10Sl/CCP2 pin on the PIC16C65 or the 
RCO/T10Sl/T1CKI pin on the PIC16C64, becomes an 
input. That is, the TRISC<1> value is ignored. The 
RCO/T10SO/T1CKI pin on the PIC16C65 or the 
RC1/T10SO pin on the PIC16C64 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. 

R/W 

r -1 -] T1CKPS1] T 1CKPso] T10SCEN] ifSVlilrij TMR1C~TMR10~ Register. 
Address: 

T1CON W: 
10h R: 
OOh U: 

Writable 
Readable 
Unimplemented, 
read as 'O' 

w [m 

© 1995 Microchip Technology Inc. 

POR value: 

TMR10N:Timer1 on bit. 

1 = Enables timer1 
0 = Stops timer1 

TM R1 CS: Timer1 clock select. 

1 = External clock (RCO!TCKI pin) (rising edge) 
0 = Internal clock (OSC/4) 

T1SYNC: 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 TMR1 CS= 0 (Timer1 uses the internal clock). 

This bit is ignored. 

T10SCEN: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. 

T1 CKPS<1 :O>: Timer1 input clock prescale select. 

11 = Prescale value= 8 
10 = 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 
(T1CON<1>) bit. In this mode, the input clock to the 
timer is OSC/4. The synchronize control bit T1 INSYNC 
(T1CON<2>) has no effect since the internal clock is 
always in sync. 

s,2 TMR1 Operation in Svnchronized 
Counter Mode 

Counter mode is selected by setting the TMR1CS bit. 
In this mode the timer increments on every rising edge 
of clock input on pin RC1/T10Sl/CCP2 (when 
T1 OSCEN is set) or the RCO/T1 OSO/T1 CKI. 

If T1 SYNC is cleared, then the external clock input is 
synchronized with internal phase clocks. The synchro
nization is done after the prescaler stage. The pres
caler stage is an asynchronous ripple counter. 

In this configuration, during SLEEP mode, TMR1 will 
not increment even ii external clock is present, since 
the synchronization circuit is shut off. The prescaler 
however will continue to increment. 

FIGURE 8-2: TMR1 BLOCK DIAGRAM 

TMR11F 
Overflow 
interrupt TMR1H TMR1L 

8.2.1 EXTERNAL CLOCK INPUT TIMING FOR 
SYNCHRONIZED COUNTER MODE 

When an external clock input is used for TMR1. in syn
chronized counter rnode, it must meet certain require
ments. The external clock requirement is due to 
internal phase clock (Tosc) synchronization. Also, there 
is a delay in the actual incrementing of TMRO after syn
chronization. 

When the prescaler is 1 :1, the external clock input is 
the same as the prescaler output. The synchronization 
of T1 CKI with the internal phase clocks is accom
plished by sampling the prescaler output on the Q2 and 
04 cycles of the internal phase clocks. Therefore, it is 
necessary for T1 CKI to be high for at least 2Tosc (and 
a small RC delay of 20ns) and low for at least 2Tosc 
(and a small RC delay of 20ns). Reier to Figure 16-5, 
Figure 18-5 and Figure 20-5, parameters 45 and 46. 

When a prescaler other than 1 :1 is used, the external 
clock input is divided by the asynchronous ripple 
counter-type prescaler so that the prescaler output is 
symmetrical. In order for the external clock to meet the 
sampling requirement, the ripple counter must be taken 
into account. Therefore, it is necessary for T1 CKI to 
have a period of at least 4Tosc (and a small RC delay 
of 40ns) divided by the prescaler value. The only 
requirement on T1CKI high and low time is that they do 
not violate· the minimum pulse width requirements of 
10ns). Refer to Figure 16-5 and Figure 18-5, parame
ters 45, 46, and 47. 

0 
s chronized 

clock input 

TMR10N 
on/off T11NSYNC 

~~ 
RC1/ RCO/ 

Prescaler Synchronize 

OSC/4 1,2,4,B Jdet 
Internal 0 

T10SO/ T10SO/ 
T1CKI 

RCO/ RC1/ 
Clock 2 

TMR1CS T1 CKPS<1 :0> Sleep input 
T10SI/ T10SI/ 
T1CKI CCP2 

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 SYNC is set, the external clock input 
is not synchronized. The timer continues to increment 
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 ~ is set, the timer will increment completely 
asynchronously. The input clock must meet a certain 
minimum high time and low time requirements, as 
specified in timing parameter. 

8.3.2 READING AND WRITING TIMER1 IN 
ASYNCHRONOUS COUNTER MODE 

Reading TMR1 H or TMR1 L while the timer is running 
from an 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. 

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. 

© 1995 Microchip Technology Inc. 
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EXAMPLE 8-1: READING A 16-BIT 
FREE-RUNNING TIMER 

All Interrupts are disabled 
MOVF TMRlH, W ;Read high byte 
MOVWF TMPH 
MOVF TMRlL, w ;Read low byte 
MOVWF TMPL 
MOVF TMRlH, w ;Read high byte 
SUBWF TMPH, w ;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, W 
MOVWF TMPH 
MOVF TMRlL, W 
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 T10SI pin 
(input) and T1 OSO (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 
selection 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: 

OscType 

LP 

CAPACITOR SELECTION 
FOR THE TIMER1 
OSCILLATOR 

Freq C1 C2 

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 ResettingTimer1 using a CCPTrigger 
~ 

If CCP1 or CCP2 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 tirner 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. 

8.6 Resetting ofTimer1 Registers 

TMR1H and TMR1L registers are not reset on POR or 
any other reset except by the CCP1 special reset trig
ger. 

T1 CON register is reset to OOh on Power-on Reset. In 
any other reset, the register is unaffected. 

8.7 TMR1 Presca!er 

The prescaler counter is cleared on writes to the 
TMR1H orTMR1L registers 

TABLE 8-2: REGISTERS ASSOCIATEDWITHTMR1 AS A TIMER/COUNTER 

Address Name Bit O 

01 INTCON 
OC PIR1 TMR1 IF 

SC PIE1 TMR11E 

OE TMR1L Timer1 Least Significant Byte 
OF TMR1 H Timer1 Most Significant Byte 
10 T1CON T1CKPS1 T1CKPSO T10SCEN T11NSVNC TMR1CS TMR10N 

Legend: - = Unimplemented locations, Read as 'O' 
Note: Shaded boxes are not used by Timer1 module. 
Note 1: These bits are not implemented on the PIC16C64. 

t These bits are reserved on the PIC 16C65. 
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9.0 TIMER2 (TMR2) MODULE 
Timer2 is an 8-bit timer with 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, and is cleared on any device 
reset. 

The input clock (OSC/4) has a prescale option of 1, 4 or 
16 (selected by control bits T2CKPS1, T2CKPSO, of 
register T2CON). 

Timer2 has an 8-bit period register PR2. Timer2 incre
ments from OOh until it matches PR2 and then resets to 
OOh on the next increment cycle. PR2 is a readable and 
writable register. The PR2 register is set to all 1 s during 
a reset. 

The overflow (or match) output of TMR2 goes through 
a 4-bit postscaler (which gives a 1 :1 to 1 :16 scaling) to 
generate a Timer2 interrupt (latched in TMR21F bit, 
PIR<1>). 

TMR2 can be shut off using TMR20N (T2CON<2>) 
control bit to minimize power consumption. 

Figure 9-2 shows the TMR2 control register. 

PIC16C6X 

9.1 TMR2 Prescaler and Postscaler 

The prescaler and postscaler counters 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, MCCTl reset, or Watchdog 
Timer reset). TMR2 will not clear when T2CON is writ
ten, only for a WOT, POR, and MCLR reset. 

9.2 Output ofTMR2 

The output of TMR2 (before the postscaler) is fed to th~ 
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. 

OSC/4 

FIGURE 9-2: T2CON: TIMER2 CONTROL REGISTER 

u R/W R/W R/W R/W R/W R/W R/W 

TOUTPS3 OUTPS2 OUTPS1 OUTPSO TMR20N 2CKPS1 T2CKPSO 

bit7 bitO 
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Register: T2CON W: 
Address: 12h R: 
POR value: OOh U: 

Writable 
Readable 
Unimplemented, read as 'O' 

T2CKPS<1 :0>: Timer2 clock prescaler select. 
oo = Prescaler is 1 
01 = Prescaler is 4 
1 x = Prescaler is 16 

TMR20N: Timer2 on/off control. 
1 = TMR2 is on 
0 =TMR2 is off 

TOUTPS<3:0>: Timer2 output postscale select 

0000 = Postscaler is 1 
0001 = Postscaler is 2 

1111 = Postscaler is 16 

Unimplemented. 
Read as 'O' 
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TABLE 9·1: REGISTERS ASSOCIATED WITHTIMER2 AS A TIMER/COUNTER 

Address Name 

OBh INTCON 

OCh PIR1 

8Ch PIE1 

11h TMR2 

12h T2CON 

92h PR2 

Legend: - = Unimplemented locations, read as 'O' 
Note: Shaded boxes are not used by Timer2 module. 
Note 1: These btts are not implemented on the PIC16C64. 

t These bits are reserved on the PIC 16C65. 
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10.0 CAPTURE/COMPARE/PWM 
MODULE 

The PIC16C6X has two Capture/Compare/PWM (CCP) 
modules consisting of a 16-bit register which can oper
ate as a 16-b~ capture register, as a 16-bit compare 
register or as a PWM output. (Both the CCP1 and 
CCP2 modules are identical in operation, with the 
exception of the special trigger.) In the following sec
tions, the operation of a CCP module is described 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, 
CCPR1 H. Both are readable and writable. 

CCP2 module: 

Capture/compare/PWM register2 (CCPR2) is made up 
of two 8-bit sections: low byte, CCPR2L and high byte, 
CCPR2H. Both are readable and writable. The interac
tion of multiple CCP modules is discussed in applica
tion note AN594. 

FIGURE 10-1: CCP1CON/CCP2CON REGISTER 

u u RIW R/W R/W R/W R/W 

CCPxX CCPxY CCPxM3 CCPxM2 CCPxM1 

tit7 
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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 
(PIR1 <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 corresponding TRIS bit. 

When the capture mode is changed, a false capture 
interrupt may be generated. The user should keep 
CCP1 IE clear to avoid false interrupts and should clear 
the CCP1 IF bit following any such change in operating 
mode. 

R/W 

CCPxMO 

bitO 

Register: CCP1CON W: 
Address: 17h R: 
Register: CCP2CON U: 
Address: 1 Oh 
POR value: OOh 

Writable 
Readable 
Unimplemented 

CCPxM <3:0>: CCPX mode select. 

0000 = Capture/compare/PWM off 
(Resets CC PX 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 on match (CCPxlF bit is set). 
CCPX pin is unaffected 

1011 =Compare mode, trigger special event 
- CCP1 resets TMR1 
• CCP2 resets TMR1 

11XX = PWM mode 

CCPxX:CCPxY: Two low order bHs. 

Caoture mode Unused 
Comoare mode Unused 

~ 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, read as 'O'. 
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10.1.1 PRESCALER 

There are four prescaler settings, 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 prescal
ers. This example also clears the prescaler counter and 
will not generate the 'false" interrupt. 

EXAMPLE 10-1: CHANGING BETWEEN 
CAPTURE PRESCALERS 

CLRF CC Pl CON Turn CCP module off 
MOVLW NEW_CAPT_PS Load the W reg with 

the new prescaler 
mode value and CCP ON 

MOVWF CC Pl CON Load CCPlCON with 
this value 

10.1.2 TMR1 MODE SELECTION 

TMR1 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 BLOCK 
DIAGRAM 

SetCCPxlF 
PIR<2> 

Q's CCPCONX<3:0> 
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10.2 Compare Mode 

In compare mode, the 16-bit CCPR1 register value is 
constantly compared against the TMR1. 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 
CCP1M <3:0> in register CCP1CON. At the same 
time, a compare interrupt is also generated. 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 inter
rupt 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 and CCP2 resets 
the TMR1. This allows the CCPR1 and CCPR2 regis
ters to effectively be 16-bit programmable period regis
ters for Timer1 . 

For compatability issues, the special trigger output of 
CCP2 on PIC16C7X devices also starts an AID conver
sion. 

FIGURE 10-3: COMPARE MODE OPERATION 
BLOCK DIAGRAM 

Special event t 
Set CCPxlF 

PIR<2> 

TRISC<)'> CCPxCON<3:0> 
Output Enable Mode Select 

t For CCP1 (ii enabled), reset Timer1. 
For CCP2 (II enabled), resetTimer1 
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10.3 PWM Mode 

In Pulse Width Modulation (PWM) mode, the 
RC2/CCP1 produces up to 10-bit resolution PWM out
put. This pin must be configured as an output through 
the TRISC<2> bit. The pin is multiplexed with the data 
latch. 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 trans
ferred from the master to the slave when the PWM1 
output is set (i.e. at the 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 (P R2). 

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 CCPx
CON<5:4> concantenated. 

The PWM output resolution is therefore programmable 
up to a maximum of 10-bit. 

PIC16C6X 

FIGURE 10-4: SIMPLIFIED PWM BLOCK 
DIAGRAM 

Duty cycle registers ,-- CCPxCON<5:4> 

CCPRxL 

CCPRxH (Slave) : 

Comparator 

TMR2 (Note 1) 

TRISCq> 

PR2 

Clear Timer, 
CCPx pin and 
latchD.C. 

Note: 8-bit timer is concatenated with 2-bit internal Q clock 
or 2 bits of the prescaler to create 10-bit time base. 

TABLE 10-1: PWM FREQUENCYVS 
RESOLUTION AT 20 MHZ 

Max Frequency Resolution 

(High TMR2 TMR2 TMR2 Resolution Prescale=1 Prescale=4 Prescale=16 Mode) 

10 bit 19.53 KHz 4.88 KHz 1.22 KHz 

9 bit 39.06 KHz 9.n 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 78.12 KHz 156.3 KHz 208.3 KHz 

Timer Prescaler (1,4, 16) 16 4 1 1 1 1 

PR2Value Ox FF Ox FF Ox FF Ox3F Ox1F Ox5F 

Resolution (High-resolution 10-bit 10-bit 10-bit 8-bit 7-bit 6.5-bit 
mode) 

Resolution (Standard-resolution 8-bit 8-bit 8-bit 6-bit 5-bit 4.5-bit 
mode)t 

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 ASSOCIATEDWITHTIMER1 AND CAPTURE 

Address Name 

OB/BB INTCON 

oc PIR1 

OD PIR2 

BC PIE1 

BO PIE2 

OE TMR1L 

OF TMR1H 

10 T1CON 

15 CCPR1L Timer1 Capture Register (LSb) 

16 CCPR1H Timer1 Capture Register (MSb) 

17 CCP1CON 

1B CCPR2L1 Timer1 Capture Register (LSb) 

1C CCPR2H1 Timer1 Capture Register (MSb) 

10 CCP2CON 

Legend: - = Unimplemented locations, Read as 'O' 

Note: Shaded boxes are not used in this mode. 

Note1: The bits or registers are not implemented on the PIC16C64. 
t These bits are reserved on the PIC 16C65. 

T10SCEN TTSYfifC" TMR1CS TMR10N 

CCP1M3 CCP1M2 CCP1M1 CCP1MO 

CCP2M3 CCP2M2 CCP2M1 CCP2MO 

TABLE 10-4: REGISTERS ASSOCIATEDWITHTIMER1 AND COMPARE 

Address Name 
OB/BB INTCON 

oc PIR1 

OD PIR2 

BC PIE1 

80 PIE2 

OE TMR1L 

OF TMR1H 

10 T1CON 

15 CCPR1L 

16 CCPR1H 

17 CCP1CON 

1B CCPR2L1 

1C CCPR2H1 

10 CCP2CON1 

Legend: - = Unimplemented loc,tions, Read as 'O' 

Note: Shaded boxes are not used in this mode. 

Note1: The bits or registers are not implemented on the PIC16C64. 
t These bits are reserved on the PIC16C65. 
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BitO 

TMR11F 

CCP21F 

TMR11E 

CCP21E 

T10SCEN TTSYfifC" TMA1CS TMR10N 

CCP1M2 CCP1M1 CCP1MO 

CCP2M2 CCP2M1 CCP2MO 
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TABLE 10-5: REGISTERS ASSOCIATED WITH TIMER2 AND PWM 

Address Name 
08/S8 INTCON 

oc PIR1 

OD PIR2 

SC PIE1 

SD PIE2 

11 TMR2 Timer2 

92 PR2 Timer2 period Register 

12 T2CON TOUTPS3 TOUTPS2 

15 CCPR1L Timer2 Duty Cycle Register 

16 CCPR1H Timer2 Duty Cycle Register (Slave) 

17 CCP1CON CCP1X CCP1Y 

18 CCPR2L1 Timer2 Duty Cycle Register 

1C CCPR2H1 Timer2 Duty Cycle Register (Slave) 

1D CCP2CON1 

Legend: - =Unimplemented locations, Read as 'O' 

Note: Shaded boxes are not used in this mode. 

CCP2X CCP2Y 

Note 1: The bits or registers are not implemented on the PIC16C64. 
t These bits are reserved on the PIC16C65. 
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TOUTPS1 TOUTPSO T2CKPS1 T2CKPSO 

CCP1M3 CCP1M2 CCP1M1 CCP1MO 

CCP2M3 CCP2M2 CCP2M1 CCP2MO 
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NOTES: 
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11.0 SYNCHRONOUS SERIAL 
PORT {SSP) MODULE 

The Synchronous Serial Port (SSP) module is a serial 
interface useful for communicating with other periph
eral or microcontroller devices. These peripheral 
devices may be Serial EEPROMs, shift registers, dis
play drivers, AID converters, etc. The SSP module can 
operate in one of two modes: 

• Serial Peripheral Interface (SPI) 

• Inter-Integrated Circuit (fC) 

FIGURE 11-1: SSPSTAT: SYNCHRONOUS SERIAL PORT STATUS REGISTER 

u u R R R R R R 

l -l -l D/A -1 p l s l RNi I UA J BF -j Register: 
Address: 
POR value: 

SS PS TAT 
94h 
OOh 

W: Writable bit 
R: Readable bit 
U: Unimplemented, read as 'O' 

bit? 

© 1995 Microchip Technology Inc. 

bitO 

'-- BF: Buffer full 

Receive ISPI and I~ 
1 = Receive complete, SSPBUF is full 
O =Receive not complete, SSPBUF is empty 

Transmit 112c mode only) 
1 =Transmit in progress, SSPBUF is full 
0 =Transmit complete, SSPBUF is empty 

'---- UA: Update Address (10-bit 12C slave mode only) 
1 = Indicate that the user needs to update the address in the SSPADD 

register. See Section 11.2 for details. 
O =Address does not need to be updated. 

RiW: Read/write bit information (12C mode only) 

This bit holds the Rlli'Tbit information received following the last address 
match. This bit is only valid during the transmission. 
The user may use this bit in software to determine whether transmission 
or reception is in progress. 
1 =Read 
O=Write 

S: Start bit (1 2C mode only) 
This bit is cleared when the SSP module is disabled (SSPEN is cleared) 
1 = Indicates that a start bit has been detected last. This bit is 0 on 

reset. 
0 = Start bit was not detected last 

P: Stop bit (12C mode only) 
This bit is cleared when the SSP module is disabled (SSPEN is cleared) 
1 = Indicates that a stop bit has been detected last. 
0 = Stop bit was not detected last 

DIA: Data/Address bit (1 2C mode only) 

1 = Indicates that the last byte received was data 
O = Indicates that the last byte received was address 

Unimplemented, read as 'O'. 
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FIGURE 11-2: SSPCON: SYNCHRONOUS SERIAL PORT CONTROL REGISTER 

R/W R/W R/W R/W R/W R/W R/W R/W 

l wco~ SSPovlssPE~CKP JssPM~SSPM1SSPM1 SSPM~ Register: 
Address: 

W: Wrltable bit 
R: Readable bit 

blt7 bitO PORvalue: 

SSPCON 
14h 
OOh U: Unimplemented, read as 'O' 
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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 output/2) 
0100 = SPI slave mode, clock= SCK pin. SS pin control enabled. 
0101 = SPI slave mode, clock = SCK pin. SS pin control disabled. sg 

can be used as 1/0 pin. 

0110 = 12C slave mode, 7-bit address 

0111 = 12C slave mode, 10-bit address 
1011 = 12c master mode support enabled (slave idle) 

1110 = 12C 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. 
0 = Transmit happens on rising edge, receive on falling edge. Idle state 

for clock is a Low level. 

lnl~ 
SCK release control 
1 = Enable clock 
0 = 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 1/0 port pins. 

Jnl2c modes: 
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 properly config
ured 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. Over
flow can only occur in slave mode. The user must read the SSP
BUF, 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. 
o = No overflow 

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. 

1 = the SSPBUF register is written while it is still transmitting the previ
ous 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 synchro
nously transmitted and received simultaneously. To 
accomplish communication, typically three pins are 
used: 

• Serial Data Out (SDO) 

• Serial Data In (SDI) 

• Serial Clock (SCK) 

RCS/SDO 

RC4/SDI 

RC3/SCK 

Addltionally a fourth pin may be used when in a slave 
mode of operation: 

• Slave Select ('SS) RAS/SS 

When initializing the SPI, several options need to be 
specified. This is done by programming the appropriate 
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 Ris-
ing/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, MSB first, while 
the SSPBUF holds the data that was written to the 
SSPSR, until the received data is ready. Once the 
8-blts 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 wrile(s) to the SSP· 
BUF completed successfully. When the application 
software is expecting to receive valid data, the SPP· 
BUF should be read before the next byte of data to 
transfer is written to the SSPBU F. 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 transmission/reception has com
pleted. The SSPBUF can then be read (if data is mean
ingful) and/or the SSPBUF (SSPSR) can be written. If 
the interrupt method is not going to be used, then soft
ware 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 shaded 
instruction is only required if the received data is mean
ingful. 

© 1995 Microchip Technology Inc. 
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EXAMPLE 11-1: LOADING THE SSPBUF 
(SSPSR) REGISTER 

LOOPBSF 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 
?Mil®'lmrf.iMMPAt:4Kt%iMW:lJ!lMt~AUfil'ijil'l!lfh!!A~!Hi1%8kf .·.·.·.·.· i-ioiiF ·····ixoiTA;·····:w········;,w·;;;g:--;--;;;;;;:t:;;;;;:;:;;; ;;£--········· 

; TXDATA 
MOVWF 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 
(SPI MODE) 

bitO 

SsControl 
Enable 

Internal 
data bus 

Timer2 output 
i---- 2 

Prescaler 
4, 16,64 Tcv 
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To enable the serial port, the SSP enable bit (SSPEN) 
must be set. To reset or reconfigure SPI mode, clear 
SPEN, re-initialize SSPCON, and then set SSPEN. 
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 over
ridden by programming the corresponding data direc
tion (TRIS) register to the opposite value. An example 
would be in master mode where you are only sending 
data (to a display driver), then both SDI and SS could 
be used as general purpose outputs by clearing their 
corresponding TRIS register bits. 

Figure 11-4 shows a typical connection between two 
rnicroconlrollers. 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 c.lock edge, and latched on the opposite 
edge of the clock. Both processors should be pro
grammed to same Clock Polarity (CKP), then both con
trollers 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/SLAVE CONNECTION 

SP! Master SSPM<3:0> = ooxxb 

Serial Input Buffer 
(SSPBUF) 

MSb 

Shift Register 
(SSPSR) 

LSb 

I 

I 

SDO 1 

SDI 

I 

The master can initiate the data transfer at any time 
because it controls the SCK. The master determines 
when the slave (Processor 2) wishes to broadcast data 
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 
(programmed as an input). The SSPSR register will 
continue 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 activ
ity 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 interrupt flag (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 
Figure 11-5 and Figure 11-6 where the MSB is trans
mitted first. In master mode, the SPI clock rate (bit rate) 
is user programmable to be one of the following: 

• OSC I 4 (or Tcv) 

• OSC/16(or4•Tcv) 

• OSC I 64(or16 • Tcv) 

• 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 (see Table 16-7). 

In sleep mode, the slave can transmit and receive data 
and wake-up the device from sleep. 

SDI 

I 

1 SDO 

SP! Stave SSPM<3:0> = 01 Oxb 

MSb 

Serial Input Buffer 
(SSPBUF) 

Shift Register 
(SSPSR) 

LSb 

Serial Clock 1 

SCK :-------, SCK 

PROCESSOR 1 PROCESSOR2 
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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 syn
chronous slave mode to be enabled. When the SS 
pin is low, transmission and reception 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 

PIC16C6X 

output. External pull-up/ pull-down resisters may be 
desirable, depending on the application. 

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. 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 = 0) 

SCK 
(CKP=1) 

SDO 

SSPIF 
interrupl:flag ----------------------------' 

FIGURE 11-6: SPI MODE TIMING (SLAVE MODE WITH SS CONTROL) 

SCK 
(CKP = 0) --;.---.....< 

-+-U-U SCK 
(CKP•1) 

! i j i j 
SDO 

SDI 

bit7 

SSPIF 

TABLE 11-1: REGISTERS ASSOCIATED WITH SPI OPERATION 

Address Name 

OB/88 INTCON 

OC PIR1 

BC PIE1 

13 SSPBUF 

14 SSPCON 

94 SSPSTAT 

Legend: - = Unimplemented locations, Read as 'O' 
Note: Shaded boxes are not used by SSP module in SPI mode. 
Note 1: These bits are not implemented on the PIC16C64. 

t These bits are reserved on the PIC16C65. 
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11.2 .l.. .2.c Overview 

This section provides an overview of the Inter-IC (12C) 
bus, with Section 11.3 discussing the operation of the 
SSP module in 12C mode. The 12C bus is a two-wire 
serial interface developed by the Philips Corporation. 
The original specification, or standard mode, was for 
data transfers of up to 100 Kbps. An enhanced specifi
cation, or last 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 I 2C 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 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, refer to the Philips Corpora
tion 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 trans
fer, 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 ii the 
master wishes to read I write from /to the slave device. 
The master and slave are always in opposite modes 
(transmitter/receiver) of operation during a data trans
fer. 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. 

TABLE 11-2: 12C-BUSTERMINOLOGY 

Term 

Transmitter The device that sends the data to the bus 

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 do.wn. The num
ber of devices that may be attached to the 12C bus is 
limited only by the maximum bus loading specification 
of 400 pF. 

11.2.1 INITIATING AND1ERMINATING 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 transc 
fer. Due to the definition of the START and STOP con
ditions, 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 

--f\l_l_Lt=----~--
SDA ) i : I ---- 1 l l i 
-r-------h ! ! r- ----~ l i n--+--· 
.,\ci\i_J/ 'L-J!!~l 

SCL!S1 I I : l !P: 
L----_J I t I I ._ ____ _J 

1 I I I 

Start Change Change Stop 
Condition of Data of Data Condition 

Allowed Allowed 

Description 

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 ensure 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 RJW bit (see Figure 11-8). 
The more complex is the 10-bit address with a Ri'iFI 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 

s bf I I I I I IR/W IACT< I 
slave address __J Se~t by 

S Start Condttion Slave 
R/W Read/Write pulse 
ACK - Acknowledge 

FIGURE 11-9: 12C 10-BIT ADDRESS 
FORMAT 

S • Start Condttion 
R/W - Read/Write Pulse 
ACK - Acknowledge 

FIGURE 11-11: A DATA TRANSFER 

r--1 

SD~== I I MSB acknowledgement 
1 I signal from receiver 
I I 
I I 
I I 

PIC16C6X 

11.2.3 lRANSFER 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 l\U:=x=xr-1 
Outputby I I .. VI 

Transmitter l --~ 
I I not acknowledge 

Data I I ¢=7 
Output by I f •• 
Receiver I t 

I l acknowledge 
SCL from -+---'\ r-\ r-\ r::\ r::-\ 

Master I [ \...._./ 1 \._/ 2 '-··--' 8 '\__/ 9 \_ 

: s I ) ,_CJ 
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. 

II 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 tech
nique can also be implemented at the bit level. 
Figure 11-11 shows a data transfer waveform. 

,---1 

-= = lCT\__JJ:-
byte complete. a?knowledgeme.nt i I 

clock line held low while i I 

I I 

sc~--

]

interrupt with receiver signal from receiver i i 

interrupts are serviced 1 I 
9 l 1 2 3-.-~~ 

LJI I L_J ---1 
start 

Condttion Address 
L___J Stop 

RN/ ACK Wait 
State 

Data ACK Condition 

Figure 11-12 and Figure 11-13 show Master-transmitter and Master-receiver data transfer sequences. 
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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 

FIGURE 11-12: MASTER-TRANSMITTER SEQUENCE 

For 7-bit address: 

A master.transmitter addresses a slave receiver with a 
7-bit address. The transfer direction is not changed. 

~ = acknowledge (SDA low) 
D From master to slave A= not acknowledge (SDA high) 

S = ST ART 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. 

D From master to slave 

D From slave to master 

A = acknowledge (SDA low) 
A =not acknowledge (SDA high) 
S =START condition 
P = STOP condition 

FIGURE 11·14: COMBINED FORMAT 

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 10-bit address: 

A master transmitter addresses a slave receiver with a 
1 0-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. 

From master to slave 

D From slave to master 
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A= acknowledge (SDA low) 
A = not acknowledge (SDA high) 
S =START condition 
P =STOP condition 
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11.2.4 MUL Tl-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) 

SDA 

SCL 

I I __ ...J 

transmitter 1 loses arbHratlon 
I DATA 1 SDA 

I 
I I 

o:ooooc 
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 condi
tion 

Care needs to be taken to ensure that these conditions 
do not occur. 

© 1995 Microchip Technology Inc. 
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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 tran
sition 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 ,--------

'- - -.,..-----, 

DS30234A-page 2-383 

• 



PIC16C6X 

11.3 SSP I~ 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 mod1.1le 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 (SCLj, 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 mod
ule 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) 

The SSP module has five registers for 12c operation. 
These are the: 

• SSP Control Register (SSPCON) 

• SSP Status Register (SSPSTAn 

• Serial Receive /Transmit Bulfer (SSPBUF) 

• SSP Shift Register (SSPSR) - Not directly acces
sible 

• Address Register(SSPADD) 
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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 mas
ter-mode support enabled 

• i2C Slave mode (10-bit address), with mas-
ter-mode support enabled 

• 12C Master mode, support enabled slave is idle 

Selection of any 12C mode and with the SSPEN bit set, 
forces the SCL and SDA pins to be open collector, pro
vided 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 
START 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 
receiver. 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 
received before the SSPBUF is read, a receiver over
flow 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 not to give this AOK pulse. These are if either 
(or both): 

• The Buffer Full (BF) bit was set before the transfer 
was received. 

• The Overflow (SSPOV) 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 SS POV 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 parameter #100 and param
eter #101. 

PIC16C6X 

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 fall
ing edge of the eighth clock (SCL) pulse. If the 
addresses match, and the BF and SSPOV bits are 
clear, the following things happen: 

• SSPSR loaded into SSPBUF 

• Buffer Full (BF) bit is set 

• AOK pulse is generated 

• SSP Interrupt Flag (SSPIF) is set (interrupt is gen
erated 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 first address byte specify 
if this is a 10-bit address. The R/W bit (bit 0) must spec
ify 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 0 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-transmitter: 

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 
Transfer is Received 

BF SS POV 

0 0 

0 

1 
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SSPSR -+SPBUF 

Yes 

No 

No 

Generate EK 
Pulse 

Yes 

No 

No 

Set SSPIF bit 
(SSP Interrupt if 

Enabled) 

Yes 

Yes 

Yes 
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11.3.1.2 RECEPTION 

When the RiW bit of the address byte is clear and an 
address match occurs, the RiW bit of the SSPSTAT reg
ister is cleared. The received address is loaded into the 
SSPBUF. 

When the address byte overflow condition exists then 
no acknowledge (ACK) pulse is given. An overflow con
dition is defined as either the BF bit (SSPSTAT <0>) is 
set or the SS POV 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: 12CWAVEFORMS FOR RECEPTION (7-BIT ADDRESS) 

Receiving Address RIW=O Receiving Data ~ Receiving Data AeJ{ 

SDA 1 1 A7 A6 AS A4 A3 A2 A1 D D6 D5 04 D3 D2 D1 DO D7 6 D5 04 D3 D2 

SCL 

SSPIF (PIR1<3>) 

SSPIF (SSPSTAT <O>) 

SSPOV (SSPCON<6>) 

't'.::: Cleared in software 
SSPBU F is read 

SSPOVissst 
because SSPBUF is 

still full.~ is not sent. 

Bus Master 
terminates 
transfer 
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11.3.1.3 TRANSMISSION 

When the RiW bit of the address byte is set and an 
address match occurs, the RiW bit of the SSPSTAT reg
ister 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). 

PIC16C6X 

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. The SSPIF bit is set on the falling edge of the 
ninth clock pulse. 

As a slave-transmitter, the ACK pulse from the mas
ter-receiver is latched on the rising edge of the ninth 
SCL input pulse. If the SDA line was high (not 'PCK), 
then the data transfer is complete. The slave then mon
itors for another occurrence of the START bit. If the SDA 
line was 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>). 

FIGURE 11-19: 12C WAVEFORMS FOR TRANSMISSION (7-BIT ADDRESS) 

' 
SDA 

SCL 

SSPIF (PIR1<3>) 

BF (SSPSTAT<D>) 

Cleared in software } FrOl"(t SSPI~ interrupt 
SSPBUF is written in software service ro~1ne 

CKP (SSPCON<4>) 
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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 dis
abled. Control of the l2c 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 manipu
lated by changing the corresponding TRISC<4:3> bit(s) 
to an output (cleared). The output level is alw11ys low, 
irrespective 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 to differentiate the 
source(s) of the interrupt. 

11.3.3 MUL Tl-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 S and 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 (set TRISC<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 
addre5sed an ACK pulse will be generated. If arbitra
tion 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/8Bh INTCON 
OCh PIR1 

8Ch PIE1 

13h SSPBUF 
93h DSSPADD 

14h SSPCON 

94h SSPSTAT 

Legend: - = Unimplemented locations, Read as 'O'. 
Note: Shaded boxes are not used by the SSP module in 12c mode. 
Note 1: These bits are not implemented on the PIC16C64. 

t These bits are reserved on the PIC16C65. 
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FIGURE 11-20: OPERATION OFTHE 12C MODULE IN IDLE_MODE, RCV_MODE OR XMIT_MODE 

IDLE_MODE (7-blt): 
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)) 

else 

{ SetSSPOV; 

Do not acknowledge; 

transfer SSPSR-> SSPBUF; 

sendAOR'.=0; 

Receive 8-bits in SSPSR; 

Set interrupt; 
XMIT_MODE: 
While ((SSPBUF = Empty) AND (CKP=O)) Hold SCL Low; 

Send byte; 

Set interrupt; 
if ( AOK Received = 1) { End of transmission; 

Go back to IDLE_MODE; 

else if (AO]{ Received = 0) Go back to XMIT _MODE; 

IDLE_MODE (10-Blt): 
If (Hi9h_byte_addr_match AND (RIW = 0)) 

{ PRIOR_ADDR_MATCH = FALSE; 

Set interrupt; 

} 

if ((SSPBUF = Full) OR ((SSPOV = 1)) 

{ SetSSPOV; 

} 

else { 

Do not acknowledge; 

SetUA=1; 

SendAC'K=O; 
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; 

Send:ACK=O; 

while (SSPADD not updated) Hold SCL low; 

ClearUA=O; 

Set RCV_MODE; 

else if (Hi9h_byte_addr_match AND (R/W = 1) 

{ if (PRIOR_ADDR_MATCH) 

{ send AOK = O; 

set XMIT _MODE; 

} 

else PRIOR_ADDR_MATCH = FALSE; 

} 
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NOTES: 
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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 con
figured as a full duplex asynchronous system that can 
communicate with peripheral devices such as CRT ter
minals and personal computers, or it can be configured 
as a half duplex synchronous system that can commu-

PIC16C6X 

nicate with peripheral devices such as AID or DIA inte
grated circuits, Serial EEPROMs etc. The SCI can be 
configured in the following modes: 

• Asynchronous (full duplex) 

• Synchronous - Master (half duplex) 

• Synchronous - Slave (half 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 CONTROL REGISTER 

R/W R/W R/W R/W u R/W R RfW 

I[ CSRC I TXB/9 I TXEN I SYNC I - I BRGH I TRMT I TXDS J [Register: TXSTA IW:Writable 
Address: 98h R: Readable 

bit7 L POR value: 02h U: Unimplemented. read as 'O' 

TXD8: 9th bit of transmit data, can be the 
calculated parity 

TRMT: Transmit shift register (TSR) empty 
1 = TSR empty 
0= TSR lull 

BRGH: High baud rate select bit 
Asynchronous mode· 
1 = High speed 
0= Low speed 
Svncbroooys mode· 
Unused 

Unimplemented, read as 'O'. 

SYNC: SCI mode bit 
This bit selects between synchronous and 
asynchronous mode of operation. 
1 =Synchronous mode 
0 = Asynchronous mode 

TXEN: Transmit Enable bit 
1 =Transmit enabled 
0 = Transmit disabled 
SREN/CREN overrides TXEN in SYNC mode 

TX8/9: Transmit Data Length bit 
1 = Selects 9-bit transmission 
0 = 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: 
Don't care. 
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FIGURE 12-2: RCSTA: RECEIVE STATUS AND CONTROL REGISTER 

R/W R/W R/W R/W u R R R 

l SPEN l RC&'9 l SREN J CREN l - J FERR J OERR l RCDa J Register: 
Address: 

RCSTA W: Writable 
18h R: Readable 

blt7 l:_ 

TABLE 12-1: BAUD RATE FORMULA 

SYNC BRGH:O (Low Speed) 

PORvalue: OOOO-OOx U: Unimplemented, Allld as 'r1 

RCD8: 9th bit of racelvo data, can be parity bit 

OERR: Overrun Error bll 
1 = OVerrun. cleared by clearing CREN 
0 = No overrun error 

FERR: Framing Error bit. 
1 = Framing error. Updated by reading RCREG. 
o =No framing error 

Unimplemented, read as 'O'. 

CREN: Continuous Receive Enable bit 
As)(OQhmnous mode· 
1 = Enables reception 
o = Disables reception 
Synghmnm1s mode· 

1 =Enables continuous reception untll CREN is 
cleared CREN overrides SREN. 

o = Disables continuous reception 

SREN: Single Raoeive Enable bit 
SVnchronoys mode· 

1 =Enable reception. 
o = Disables reception 
Note: This bit Is Ignored in synchronous slave 
reception. 
SREN is cleared after raception Is complete. 
Asvnchronoys mode· 

Don't care 

RC819: Receive Data Leng1h bit 
1 = Selects 9·bit racepfion. 
O = Selects 8-bit reception. 

SPEN: 5arial Port Enable bit 
1 = Configures RC7/RX/DT and RC6/TX/CK pins as 

serial port pins. 
o = 5arial port disabled. 

BRGH=1 (High Speed) 

0 (Asynchronous) Baud Rate= Fosc/(64(X+1)) Baud Rate= Fosc/(16(X+1)) 
1 (Synchronous) Baud Rate= Fosc/(4(X+1)) NA 

X =value in SPBRG (0 to 255) 

12.1 SCI Baud Rate Generator CBRG) 

The BRG 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 syn
chronous mode BRGH is ignored. Table 12-1 shows 
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the formula for computation of the baud rate for differ
ent SCI modes which only apply in master mode (inter
nal clock). 

Given the desired baud rate and Fosc, the nearest inte
ger value for SPBRG can be calculated using the for
mula in Table 12-1. From this, the error in baud rate can 
be determined. 
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Example 12-1 shows the calculation of the baud rate 
error for the following conditions: 

Fosc = 16 MHz 

Desired Baud Rate = 9600 

BRGH =0 

SYNC=O 

EXAMPLE 12-1: CALCULATING BAUD RATE 
ERROR 

Desired Baud rate=Fosc I (64 (X + 1)) 

9600 = 16000000 /(64 (X + 1)) 

x L25.o42J = 25 

Calculated Baud Rate=16000000 I (64 (25 + 1 )) 

9615 

Error (Calculated Baud Rate - Desired Baud Rate) 
Desired Baud Rate 

(9615 - 9600) / 9600 

0.16% 

PIC16C6X 

It may be advantageous to use the high baud rate 
(BRGH = 1) even for slower baud clocks. This is 
because the Fosc/(16(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 output
ting the new baud rate. 

TABLE 12-2: REGISTERS ASSOCIATED WITH BAUD RATE GENERATOR 

Address Name Bit7 

OX98h TXSTA @~[ 
OX99h SPBRG Baud Rate Register 

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 (decimaQ 

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 +0.23 185 
19.2 19.53 +1.73 255 19.23 +0.16 207 19.23 +0.16 129 19.24 +0.23 92 
76.8 76.92 +0.16 64 76.92 +0.16 51 75.76 -1.36 32 77.82 +1.32 22 
96 96.15 +0.16 51 95.24 -0.79 41 96.15 +0.16 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 
Fosc = 5.0688MHZ 

SPBRG 
3.579545MHZ 

SPBRG 
1MHZ 

SPBRG 
32.768KHZ 

SPBRG 
RATE value value value value 

(K) KBAUD %ERROR (decimal) KB AUD %ERROR (decimaQ KBAUD %ERROR (decimal) KBAUD %ERROR (decimal) 

0.3 NA NA - - NA - 0.303 +1.14 26 
1.2 NA NA - - 1.202 +0.16 207 1.170 -2.48 6 
2.4 NA NA - - 2.404 +0.16 103 NA -
9.6 9.6 0 131 9.622 +0.23 92 9.615 +0.16 25 NA 
19.2 19.2 0 65 19.04 -0.83 46 19.24 +0.16 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 
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TABLE 12-4: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH=O) 

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 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 i5 19.23 +O.i6 i2 i9.53 +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 
Fosc = 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 
FOSC=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) 

9.6 9.615 +0.16 129 9.615 +0.16 103 9.615 +0.16 64 9.520 -0.83 46 
19.2 19.230 +0.16 64 19.230 +0.16 51 18.939 -1.36 32 19.454 +1.32 22 
38.4 37.878 ·1.36 32 38.461 +0.16 25 39.062 +1.7 15 37.286 ·2.90 11 
57.6 56.818 -1.36 21 58.823 +2.12 16 56.818 -1.36 10 55.930 ·2.90 7 
115.2 113.636 ·1.36 10 111.111 ·3.55 8 125 +8.51 4 111.860 ·2.90 3 
250 250 0 4 250 0 3 NA NA 
625 625 0 1 NA 625 0 0 NA -
1250 1250 0 0 NA NA NA 

BAUD 
Fosc = 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) 

9.6 9.6 0 32 9.727 +1.32 22 8.928 ·6.99 6 NA 
19.2 18.645 ·2.94 16 18.643 ·2.90 11 20.833 +8.51 2 NA 
38.4 39.6 +3.12 7 37.286 ·2.90 5 31.25 -18.61 1 NA 
57.6 52.8 ·8.33 5 55.930 ·2.90 3 62.5 +8.51 0 NA 
115.2 105.6 ·8.33 2 111.860 ·2.90 1 NA - NA 
250 NA 223.721 -10.51 0 NA NA 
625 NA NA NA NA 
1250 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 high or a low 
level is present at the RX pin. If BRGH is clear (i.e., at 
the low baud rates), the sampling is done on the sev
enth, eighth and ninth falling edges of a 16x clock (see 
Figure 12-3). If BRGH is set (i.e., at the high baud 

rates), the sampling is done on the 3 clock edges pre
ceding the second rising edge after the first falling edge 
of a 4x clock (see Figure 12-4 and Figure 12-5). 

FIGURE 12-3: RX PIN SAMPLING SCHEME (BRGH=O) 

-----;. START BIT ~ 
RX pin '~------------------------~~_B_IT_o_ 

,---------------------------------, - Baud elk for all but start bit ,-
baud elk --~'------------~: ___________ ~I 

16xclk 
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 ----"\ / X 
~~. _s_t_A_R_T_B_IT __ ~ ___ Bl_T_o_~ ~--B_IT_1 __ 

First falling edge after RX pin goes low 

Ir Second rising edge 

4xclk 

2 3 4 2 3 4 2 

a2, Q4clk 

iii iii iii 
Samples Samples Samples 

FIGURE 12-5: RX PIN SAMPLING SCHEME (BRGH=1) 

RXpin A STARTBIT ~ 
~------------------------~ 

baudclk~:_·---~-,...-_-_--_-_-_--_-_-_--_-_--_-_-_--_-_-_--_-_--_-_-_·:~---B_au_d_c_lk_fo_r_a1_1b_u_ts_1a_r1_b_it ___ ~ 

First falling edge after RX pin goes low 

4xclk 
__ _,,_,/ Second rising edger-----, 

2 3 4 

Q2,Q4clk 

ttt 
Samples 
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12.2 SCI Asynchronous Mode 

In this mode, the SCI used standard nonretum-to-zero 
(NRZ) 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 rate generator can be 
used to derive standard baud rate frequencies from the 
oscillator. The SCI transmits and receives the LSB bit 
first Tne SC i's iransmitier 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 hard
ware, 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 follow
ing important elements: 

• Baud Rate Generator 

• Sampling Circuit 

• Asynchronous Transmitter 

• Asynchronous Receiver 

12.2.1 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 trans
mitted, the TSR is loaded with new data from the 
TXREG (ii available). Once the TXREG transfers the 
data to the TSR(occurs in one Tcv), 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 TX REG, another bit 
TRMT(TXSTA<1>) shows the status 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 (BRG) 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 

DATA BUS 
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Steps to follow when setting up a Asynchronous Trans
mission: 

• Initialize the SPBRG register for the appropri
ate 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 con
figuring the bits SYNC= 0 and SPEN = 1. 

• If interrupts are desired, then the TXIE bit 
should be set. 

PIC16C6X 

• If 9-bit transmission is desired, then TX8/9 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 transmis

sion). 

FIGURE 12-7: ASYNCHRONOUS MASTERTRANSMISSION 

Write to TXREG 

BRG output 
(shift clock) 

TX(pin) 

TXIFbit 
(Transmit buffer 
reg. empty flag) 

,\_ StartBit A BitO x Bit1 ><=:S.L:>< Bit7/8 7stopBit 
WORD1------~---~· 

t 
WORD1-
Transmit Shift Reg TRMTbit 

(Transmit shift 
reg. empty flag) ----~ 

FIGURE 12-8: ASYNCHRONOUS MASTERTRANSMISSION (BACKTO BACK) 

Write to TXREG 

BRG out~ut 
(shift clod<) 

TX(pin) 

TXIFbit 
Start Bit itO 

(interrupt reg. flag) ---~ .-----, 

TRMTbit 
(Transmit shift 
reg. empty flag) 

t 
WORD1-
Transmit Shift Reg. 

Note: This timing diagram shows two consecutive transmissions. 

wol2-
Transmit Shift Reg. 

Start Bit 

WORD 

TABLE 12-6: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION: 

Address Name 

OCh PIR1 
18h RCS TA 
19h TXREG 
8Ch PIE1 
98h TXSTA 
99h SPBRG 
t These bits are reserved on the PIC16C65. 

BitO 
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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 seiected, recepiion is 
enabled by setting CREN(RCSTA<4>). 

The heart of the receiver is the receive (serial) shift reg-
ister (RSR). After sampling the stop bit, the received 
data in the 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. 
It is cleared when the RCREG has been read and is 
empty. The RCREG is a double buffered register, i.e. it 

FIGURE 12-9: BLOCK DIAGRAM FOR SCI RECEIVE 

is a two deep FIFO. It is possible for two bytes of data 
to be received and transferred to the RCREG FIFO and 
a third byte begin shifting to the RSR. On the detection 
of the stop bit of the third byte, if the RCREG is still full 
then the overrun error bit, OERR (RCSTA<1>) will be 
set. The word in the RSR 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 RSR to the RC REG are 
inhibited, so it is essential to clear the OERR if it is set. 
The framing error bit FERR(RCSTA<2>) is set if a stop 
bit is detected as a 0. The FERR and the 9th receive bit 
are buffered the same way as the receive data. Read
ing the RCREG, will load the RCDS and the FERR with 
new values, therefore it is essential tor the user to read 
the RCSTA register before reading RCREG in order 
not to lose the old FERR and RCDS information. 

:- -- - - ------- ---------: 
i I SPBRG : ~-----~------~-----
64X/16X BAUD RATE CLK 

RX 

' .. - - - - - --- - -- - - - - - - - - - ..J 

BAUD RATE GENERATOR 

PIN BUFFER 
AND CONTROL 

DATA 
RECOVERY 

RSR LSb ' 

7 0 START 

RCDB RCREG 
!---+---------;FIFO 

8 

DATA BUS 

FIGURE 12-10: ASYNCHRONOUS RECEPTION 

RX(pin) Start Start ('\~ S~;t /( L\,c:;;;;;;-J 
~~~S,!?.P~~Stop 

bit bit : bit 

~~vsbhift '""- -------~~c."°')~--~rt~----~C/-..J---n:----~c>·""--~--
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(interrupt flag) 

OERRbit 
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Note: This timing diagram shows three words appearing on the RX input. The RC REG (receive buffer) is read after the third word, 

causing the OERR (overrun) bit to be set 
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Steps to follow when setting up a Asynchronous 
Reception: 

• Initialize the SPBRG register for the appropri
ate baud rate. If a high speed baud rate is 
desired, set BRGH. See Section 12.1 for 
details. 

• Enable the asynchronous serial port by con
figuring the SYNC = 0 and SPEN = 1. 

• If interrupts are desired, then the RCIE bit 
should be set. 

• If 9-bit receptiot1 is desired, then RX8i9-bii 
should be set. 

• Enable the reception by setting CREN. 

PIC16C6X 

• The RCIF bit will be set when reception is 
complete 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 reception. 

• Read the 8-bit received data by reading the 
RC REG. 

• If any error occurred, clear the error by clear
ing CR EN. 

TABLE 12-7: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION 

Address Name Bit 7 Bit 6 Bit 5 Bit 4 

OxOCh PIR1 R$P!FY> I•T·•·····.·•••••••••••• RCIF 

Ox18h RCS TA SPEN RCB/9 CREN 

Ox1Ah RCREG RX? RX6 RXS RX4 

Ox8Ch PIE1 RCIE 

Ox98h TX STA SYNC 

Ox99h SPBRG Baud Rate Register 
t These bits are reserved on the PIC16C65. 
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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 vice versa. The synchro
nous 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 liO 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 readiwrite 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 
available). Once the TXREG transfers the data to the 
TSR(occurs in one Tcycle), 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 
cleared in software. It will reset only when new data is 
loaded into the TXREG. While TXIF indicates the sta
tus of the TXREG, another bit TRMT(TXSTA<1>) 
shows the status 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. 

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 12-11). 
The transmission can also be started by first loading 
the TXREG and then setting TXEN. This is advanta
geous when slow baud rates are selected, since the 
BRG is kept in reset when TXEN=CREN=SREN = 0. 
Setting the TXEN bit will start the BRG, 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 reset the transmit
ter. The OT and CK pins will revert to hi-impedance. If 
either CREN 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 
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remain an output if CSRC=1 (internal clock). The trans
mitter logic however is not reset although it is discon
nected 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 transmit
ting since the TXEN bit is still set. The OT line will 
immediately switch irom hi-impedance receive mode lo 
transmit and start driving. To avoid this, TXEN should 
be cleared. 

In order to select 9-bit transmission, the TXS/9 
(TXSTA<6>) bit should be set and the ninth bit should 
be written to TXDS(TXSTA<O>). 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" TXDS, the "present" 
value of TXDS is loaded. 

Steps to follow when setting up a Synchronous Master 
Transmission: 

• Initialize the SPBRG register for the appropri
ate 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 TXIE bit 
should be set. 

• If 9-bit transmission is desired, then TXS/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 TXDS. 

• Start transmission by loading data to the' 
TXREG. 
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TABLE 12-8: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER TRANSMISSION: 

Address Name Bit7 Bit 6 Bit 5 

OCh PIR1 
18h RCS TA SPEN RC8/9 SREN 
19h TXREG TX7 TX6 TXS 
8Ch PIE1 
98h TX STA CSRC TX8/9 TXEN 
99h SPBRG Baud Rate Register 
t These bits are reserved on the PIC16C65. 

FIGURE 12-11: SYNCHRONOUS TRANSMISSION 

Bit 4 

TXIF 
CREN 
TX4 
TXIE 
SYNC TRMT TXD8 
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I I I I 
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I I I I I 

DT pin f--,,,---,~"~__, 

CK pin I 
Write to I 
TXREG --111-+---.----' 1---~------<---~-~--~--+----<r-----1 

Write word1 Wrne word2 

(ln1er~:.lf;.g) --L!_J J I ~I ----- I 
TRMT ~~-+-~+-~4-----\;----+-~~~-+-~+---\~ 

Note: Sync master mode; SPBRG = 0. Continuous transmission of two 8 bit words 

FIGURE 12·12: SYNCHRONOUS TRANSMISSION (THROUGH TXEN) 
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TXIFbit ~--------_,.s.,__ ________ _ 

TRMTbit 
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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(RCSTA<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, ii CREN is set, the 
ieception is continuous until CREN is reset. If both the 
bit are set then CREN takes precedence. After clock
ing 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 transferred to the RCREG 
FIFO and a third byte to begin shifting into 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 RSR will be lost. 
The RC REG can be read twice to retrieve the two bytes 
in the FIFO. The OERR bit has to be cleared in soft
ware and this is done by clearing CREN. If the OERR 
is set, transfers from the RSR to the RCREG are inhib
ited, so it is essential to clear the OERR if it is set. The 
9th receive bit is buffered the same way as the receive 

data. Reading the RCREG, will load the RCD8 with a 
new value, therefore it is essential for the user to read 
the RCSTA register before reading RCREG in order 
not to lose the old RCD8 information. 

Steps to follow when setting up a Synchronous Master 
Reception: 

• Initialize the SPBRG register for the appropri
ate 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. 

• CREN= SREN = 0 

• If interrupts are desired, then the RXIE bit 
should be set. 

• If 9-bit reception is desired, then RX8/9-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 
complete 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 reception. 

• Read the 8-bit received data by reading the 
RC REG. 

• If any error occurred, clear the error by clear
ing CREN. 

TABLE 12-9: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER RECEPTION: 

Address Name 

OCh PIR1 

18h RCSTA 

19h PC REG 

8Ch PIE1 

98h TX STA 

99h SPBRG 

t These bits are reserved on the PIC16C65. 

FIGURE 12-13: SYNCHRONOUS RECEPTION (MASTER MODE, SREN) . ' . ' ' ' . . 
a2la*4la11a21a~a1aja~a~a4la1la~a~a~a1la~a~04la1l02lasla4P 1i02psja4p1ia2lasla4f:i1la2psp4p1 l02psp4 \a j a~a~04\ 

DTpin 

CK pin 

Write to 
SREN bit 

SREN bit 

I I I I I I I I I I I 

.bit7 

CRENbit-·0~·~--~--~---~--~--~--~--~---,---~--·~o< 

RCIF bit ---c----c----,----,---~----,------,----,----,,----.,-rt:':: (interrupt) 

Read 
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 exter
nally 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 = SREN = 0 

• If interrupts are desired, then the TXIE bit 
.should be set. 

• If 9-bit transmission is desired, then TXS/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 TXDS. 

PIC16C6X 

• 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 
instruction, then a word may be received during 
SLEEP. On completely receiving the word, the RSR will 
transfer the data to the RCREG and ii the RCIE 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 = 0. 

• If interrupts are desired, then the RCIE bit 
should be set. 

• If 9-bit reception is desired, then RXS/9-bit 
should be set. 

• To enable reception, set CREN = 1. 

• The RCIF bit will be set when reception is 
complete 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 reception. 

• Read the 8-bit received data by reading the 
RC REG. 

• If any error occurred, clear the error by clear
ing CREN. 

TABLE 12-10: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE TRANSMISSION 

Address Name 

OCh PIR1 

18h RCSTA 

19h TXREG 

8Ch PIE1 

98h TX STA 

99h SPBRG Baud Rate Register 

t These bits are reserved on the PIC16C65. 
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TABLE 12-11: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE RECEPTION 

Address Name 

OCh PIR1 

18h RCSTA 

1Ah RCREG 

8Ch PIE1 

98h TXSTA 

99h SPBRG 

t These bits are reserved on the PIC1 GC65. 
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13.0 SPECIAL FEATURES OF THE 
CPU 

What sets apart a microcontroller from other proces
sors 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, 
minimize cost through elimination of external compo
nents, 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 (WDT) 

5. SLEEP 
6. Code protection 
7. ID locations 

8. In-circuit serial programming 

The PIC16CXX has a watchdog timer which can be 
shut off only through configuration bits. It runs off its 
own RC oscillator for added reliability. There are two 
timers that offer necessary delays on power-up. One is 

PIC16C6X 

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 sup
ply stabilizes. With these two timers on-chip, most 
applications need no external reset circuitry. 

The SLEEP mode is designed to offer a very low cur
rent 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 
configuration btts are used to select various options. 

13.1 Configuration Bits 

The configuration bits 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 only during program
ming. 

FIGURE 13-1: CONFIGURATION WORD FOR PIC16C65 AND PIC16C64 ONLY 

l -1 -1 -J -J -J -1- J -jcP1j CPolPwRrEJworE\Fosc{FoscoJ 
bit1 3 bitO 

© 1995 Microchip Technology Inc. 

Register: CONFIG 
Address: 2007h 

FOSC<1 :0>: OSC selection bits. 
11 : RC oscillator 
10: HS oscillator 
01 : XT oscillator 
00 : LP oscillator 

WDTE: WDT enable btts. 
1 = WDT enabled 
0 = WDT disabled 

PWRTE: Power-up timer enable bits. 
1 = power-up time enabled 
o = power-up timer disabled 

CP<1 :0>: Code protection bits. 
11: Code protection off 
1 O: Upper half of program memory 

code protected 
01: Upper 3/4th of program memory 

code protected 
00: All memory is code protected 

Unimplemented. 
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FIGURE 13-2: CONFIGURATION WORD FOR PIC16C61 ONLY 

[ -I -I - I - I - I - I - I -I -J CPoYWRTEI WDTEIFosc1IFosco 
blt1 31 I I I bitO 

L 
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Register: CONFIG 
Address: 2007h 

FOSC<1 :0>: OSC selection bits. 
11 : RC oscillator 
10 : HS oscillator 
01 : XT oscillator 
00 : LP oscillator 

WDTE: WOT enable bits. 
1 = WOT enabled 
0 = WOT disabled 

PWRTE: Power-up timer enable bits. 
1 = power-up timer enabled 
o = power-up timer disabled 

CPO: Code protection bits. 
1 = Code protection off 
o = All memory is code protected 
But o - 3FH is writable. 

Unimplemented. 
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13.2 Oscillator Configurations 

13.2.1 OSCILLATOR lYPES 

The PIC16CXX can be operated in four different oscil
lator options. The user can program two configuration 
bits (FOSC1 and FOSCO) to select one of these four 
modes: 

• LP 

• XT 

Low Power Crystal 

Crystal/Resonator 

• HS 

• RC 

High Speed Crystal/Resonator 

Resistor/Capacitor 

13.2.2 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 13-3). 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 13-4. 

FIGURE 13-3: CRYSTALJCERAMIC 
RESONATOR OPERATION 
(HS, XT OR LP OSC 
CONFIGURATION) 

OSC1 

__r1 
DXTAL 

rt~O~SC2 
C2 Note1 

To internal 
logic 

SLEEP 

PIC16CXX 

See Table 13-1, Table 13-2, Table 13-3 and 
Table 13-4 for recommended values of C1 and C2. 

Note 1: A series resistor may be required for AT 
strip cut crystals. 

FIGURE 13-4: EXTERNAL CLOCK INPUT 
OPERATION (HS, XT OR LP 
OSC CONFIGURATION) 

Clock from 
ext.system 

OSC1 

Open OSC2 
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TABLE 13-1: CERAMIC RESONATORS 
PIC16C65/PIC16C64 

Ranges Tested: 

Mode Freq OSC1 OSC2 
XT 455kHZ 68-100 pF 68-100 pF 

2.0MHz 15 - 68 pF 15 - 68 pF 
4.0MHz 15 - 68 pF 15- 68 pF 

HS 8.0MHz 10-68 pF 10- 68 pF 
16.0MHz 10- 22 pF 10- 22 pF 

Note: Recommended values of C1 and C2 are identical 
to the ranges tested table. 

Higher capacitance increases the stability of oscil-
lator 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. 

Resonators Used: 

455kHz Panasonic EFO-A455K04B +/-.3% 

2.0MHz Murata Erie CSA2.00MG +/-.5% 

4.0MHz Murata Erie CSA4.00MG +/-.5% 

8.0MHz Murata Erie CSA8.00MT +/-.5% 

16.0MHz Murata Erie CSA 16.00MX +/-.5% 

All resonators used did not have built-in capacitors. 

TABLE 13-2: CERAMIC RESONATORS 
PIC16C61 

Ranges Tested: 

Mode Freq OSC1 OSC2 
XT 455kHZ 68 -100 pF 68-100 pF 

2.0MHz 15 - 68 pF 15 - 68 pF 
4.0MHz 15 - 68 pF 15-68pF 

HS 8.0MHz 10-68 pF 10-68pF 
16.0MHz 10-22 pF 10 - 22 pF 

Note: Recommended values of C1 and C2 are identical 
to the ranges tested table. 

Higher capacitance increases the stability of oscil-
lator 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. 

Resonators Used: 

455kHz Panasonic EFO-A455K04B +/-.3% 

2.0MHz Murata Erie CSA2.00MG +/-.5% 

4.0MHz Murata Erie CSA4.00MG +/-.5% 

8.0MHz Murata Erie CSA8.00MT +/-.5% 

16.0MHz Murata Erie CSA16.00MX +/-.5% 

All resonators used did not have built-in capacitors. 
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TABLE 13-3: CAPACITOR SELECTION FOR 
CRYSTAL OSCILLATOR FOR 
PIC16C65 AND PIC16C64 

Mode Freq OSC1 OSC2 

LP 32kHz§ 33-68 pF 33-68pF 
200kHz 15 - 47 pF 15-47 pF 

XT 100kHz 47-100 pF 47-100 pF 
500kHz 20-68 pF 20-68 pF 
1MHz 15- 68 pF 15 - 68 pF 
2MHz 15 - 47 pF 15 - 47 pF 
4MHz 15-33pF 15 - 33 pF 

HS 8MHz 15-47pF 15-47pF 
20MHz 15-47pF 15-47pF 

Note: Higher capacitance increases the stability of oscil-
lator 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 specifica-
lion. Since each crystal has its own characteristics, 
the user should consult the crystal manufacturer for 
appropriate values of external components. 

§ For voo > 4.5V, C1 = C2 = 30pf is recommended. 

TABLE 13-4: CAPACITOR SELECTION FOR 
CRYSTAL OSCILLATOR FOR 
PIC16C61 ONLY 

Mode Freq OSC1 OSC2 

LP 32kHz§ 33-68 pF 33 - 68 pF 
200kHz 15-47pF 15-47pF 

XT 100kHz 47-100pF 47-100pF 
500kKHz 20-68 pF 20-68 pF 

1MHz .15 - 68 pF 15 - 68 pF 
2MHz 15 - 47 pF 15-47pF 
4MHz 15 - 33 pF 15-33pF 

HS 8MHz 15 - 47 pF 15 - 47 pF 
20MHz 15-47pF 15-47pF 

Note: Higher capacitance increases the stability of oscil-
later 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 specilica-
lion. Since each crystal has its own characteristics, 
the user should consult the crystal manufacturer for 
appropriate values of external components. 

§ ForVDD > 4.5V, C1 = C2 = 30pf is recommended. 

13.2.3 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. 
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Figure 13-5 shows implementation of a parallel reso
nant 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 par
allel oscillator requires. The 4. 7 k!l resistor provides 
the negative feedback for stability. The 1 O kO potenti
ometer biases the 74AS04 in the linear region. This 
could be used for external oscillator designs. 

FIGURE 13-5: EXTERNAL PARALLEL 
RESONANT CRYSTAL 
OSCILLATOR CIRCUIT 

+SV 
To Other 
Devices 

10k 

10k 

Figure 13-6 shows a series resonant oscillator circuit. 
This circuit is also designed to use the fundamental fre
quency of the crystal. The inverter performs a 
180-degree phase shift in a series resonant oscillator 
circuit. The 3300 resistors provide the negative feed
back to bias the inverters in their linear region. 

FIGURE 13-6: EXTERNAL SERIES 
RESONANT CRYSTAL 
OSCILLATOR CIRCUIT 

13.2.4 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 resis
tor (Rext) and capacitor (Cext) values, and the operat
ing temperature. In addition to this, the oscillator 
frequency will vary from unit to unit due to normal pro
cess parameter variation. Furthermore, the difference 
in lead frame capacitance between package types will 
also affect the oscillation frequency, especially for low 
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Cext values. The user also needs to take into account 
variation due to tolerance of external R and C compo
nents used. Figure 13-7 shows how the R/C combina
tion is connected to the PIC16CXX. For Rext values 
below 2.2 kn, the oscillator operation may become 
unstable, or stop completely. For very high Rext values 
(e.g. 1 Mn), the oscillator becomes sensitive to noise, 
humidity and leakage. Thus, we recommend to keep 
Rext between 3 kn and 100 kn. 

Although the oscillator will operate with no external 
capacitor (Cext = 0 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 
capacitances, such as PCB trace capacitance or pack
age lead frame capacitance. 

See characterization data for desired device for RC fre
quency variation from part to part due to normal pro
cess 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 characterization data for desired device for varia
tion 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 Voo values. 

The oscillator frequency, divided by 4, is available on 
the OSC2/CLKOUT pin, and can be used for test pur
poses or to synchronize other logic (see Figure 3-4 for 
waveform). 

FIGURE 13-7: RC OSCILLATOR MODE 

VDD 

Rext 

Cext

VssJ 
__ ___, OSC2/CLKOUT 

Internal 
clock 

Fosc/4 '-------------' 
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13.3 ~ 

The PIC16CXX differentiates between various kinds of 
reset: 

a) Power-on reset (POR) 

b) MCLR reset during normal operation 

c) ~ reset during SLEEP 

d) 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 l50J1 and unchanged in any 
other reset. Most other registers are reset to a "reset 
state" on power-on reset ("15QR), on MCCTi or WOT 
reset during normal operation and on lVfClJ=i reset dur
ing SLEEP. They are not affected by a WOT reset dur
ing 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 13·6 and Figure 13-7. These bits are used in soft
ware to determine the nature of reset. See Table 13-9 
for a full description of reset states of all registers. 

A simplified block diagram of the on-chip reset circuit is 
shown in Figure 13-8. 
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13.4 Power-On Reset (POR). 
Power-Up-Timer !PWRTl and 
Oscillator Start-up Timer (OSTl 

13.4.1 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.SV). To 
take advantage of the l50!1, just tie ~ pin directly 
(or through a resistor) to Voo. This will eliminate exter
nal RC components usually needed to create 
Power-On Reset. A maximum rise time for Voo is 
required. See Electrical Specifications for details. 

The 'l50R circuit does not produce internal reset when 
Voo declines. 

13.4.2 POWER-UP TIMER (PWRT) 

The Power-Up Timer provides a fixed 72ms nominal 
time-out on power-up only, from l50R. 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 bit, 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, temperature, and process variation. 
See DC parameters for details. 

13.4.3 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. 

FIGURE 13-8: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT 

~ 
Voo 

External 
Reset 

1 O bit Ripple counter 

10 bit Ripple counter 

t This is a separate oscillator from 
the RC oscillator of the CLKIN pin. 
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R 
Chip_Reset 

a 

Power Up and PWRTE 
~---- (Enabie the PWRT timer 

4l :c 
~~----
w 

only if it is Power_ Up and power_on timer 
fuse is enabled) 

(Power_Up +Wake_ Up) (XT + LP+ HS) 
(Enable the OST tt It is Power_ Up or Wake_Up 
from SLEEP and OSC type Is XT or LP or HS) 
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13.4.4 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 bit status. For 
example, in RC mode with PWRTE bit cleared (PWRT 
disabled), there will be no time-out at all. Figure 13-9, 
Figure 13-10, and Figure 13-11 depict time-out 
sequences on power up. 

TABLE 13-5: TIME-OUT IN VARIOUS 
SITUATIONS 

Oscillator Power-up Wake up 
Configura- PWRTE=1 PWRTE:O from 
tion SLEEP 

XT, HS, LP 72ms+ 1024Tosc 1024 Tosc 
1024Tosc 

RC 72ms - -
Since the time-outs occur from the POR pulse, if MCLR 
is kept low long enough, the time-outs will expire. Then 
bringing 1iifCCR high will begin execution immediately 
(see Figure 13-10). This is useful for testing purposes 
or to synchronize more than one PIC16CXX device 
operating in parallel. 

Table 13-8 shows the reset conditions for some special 
registers, while Table 13-6 shows the reset conditions 
for all the registers. 

13.4.5 POWER CONTROUSTATUS REGISTER 
(PCON) 

The power control/status register, PCON (address 8Eh) 
has only one bit. 

Bit1 is l501i (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 subse
quent reset if POR is cleared, it will indicate that a 
Power-On Reset must have occurred Voo may have 
gone too low). 

PIC16C6X 

TABLE 13-6: STATUS BITS AND THEIR 
SIGNIFICANCE FOR PIC16C65 
AND PIC16C64 

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 POi1 
1 0 1 WDT reset during normal opera-

lion 

1 0 0 WDT timeout wakeup from 
SLEEP 

1 1 1 1iifCCR reset during normal oper-
at ion 

1 1 0 1iifCCR reset during SLEEP or 
interrupt wake-up from SLEEP 

TABLE 13-7: STATUS BITS AND THEIR 
SIGNIFICANCE FOR PIC16C61 

TO PD 

1 1 Power-on reset 

0 1 WOT reset during normal operation 

0 0 WOT timeout wakeup from SLEEP 

u u MCLR reset during normal operation 

1 0 MCLR reset during SLEEP or interrupt 
wake-up from SLEEP 

Legend: u = unchanged 

TABLE 13-8: RESET CONDITION FOR SPECIAL REGISTERS 
PCL STATUS PCONon 
Addr: 02h Addr: 03h PIC16C65 and 

PIC16C64 only 
Addr: 8Eh 

Power-On Reset OOOh 0001 lxxx ---- --0-

MCLR reset during normal operation OOOh 0001 luuu ---- --u-

MCLR reset during SLEEP OOOh 0001 Ouuu ---- --u-

WOT reset during normal operation OOOh 0000 luuu ---- --u-

WDT during SLEEP PC+ 1 uuuO Ouuu ---- --u-

Interrupt wake-up from SLEEP PC+ 1 (Note1) uuul Ouuu ---- --u-

Legend: u = unchanged, x = unknown, - = unimplemented btt, read as 'O' 
Note 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 13-9: INITIALIZATION CONDITIONS FOR ALL REGISTERS 

MCrn Reset during: Wake up from SLEEP 
- normal operation through interrupt 

Register Device Power-on Reset -SLEEP Wake up from .SLEEP 
WOT timeout during nor- through WOT timeout 
mal operation 

w 6X XX}LX xx xx uuuu uuuu uuuu uuuu 

INDF 6X - - -
TMRO 6X xxxx xxxx uuuu uuuu uuuu uuuu 

PCL 6X OOOOh OOOOh PC + 1 (2) 

STATUS 6X 0001 lxxx 000? ?uuu (3) uuu? ?uuu (3) 

FSR 6X xxxx xxxx uuuu uuuu uuuu uuuu 

61 ---u uuuu ---u uuuu ---u uuuu 
PORTA 

Other6X --xx xxxx --uu uuuu --uu uuuu 

PORTB 6X xxxx xxxx uuuu uuuu uuuu uuuu 

PORTC 6X xxxx xxxx uuuu uuuu uuuu uuuu 

PORTO 6X xxxx xxxx uuuu uuuu uuuu uuuu 

PORTE 6X ---- -xxx ---- -uuu ---- -uuu 

PCLATH 6X ---0 0000 ---0 0000 ---u uuuu 

INTCON 6X 0000 OOOx 0000 OOOu uuuu uuuu(l) 

PIR1 6X 0000 0000 0000 0000 uuuu uuuu(l) 

PIR2 65 ---- ---0 ---- ---0 ---- ---u(2) 

TMR1L 6X xxxx xxxx uuuu uuuu uuuu uuuu 

TMR1H 6X xxxx xxxx uuuu uuuu uuuu uuuu 

T1CON 6X --00 0000 --uu uuuu --uu uuuu 

TMR2 6X 0000 0000 0000 0000 uuuu uuuu 

T2CON 6X -000 0000 -000 0000 -uuu uuuu 

SSPBUF 6X xxxx xxxx uuuu uuuu uuuu uuuu 

SSPCON 6X 0000 0000 0000 0000 uuuu uuuu 

CCPR1L 6X xxxx xxxx uuuu uuuu uuuu uuuu 

CCPR1H 6X xxxx xxxx uuuu uuuu uuuu uuuu 

CCP1CON 6X --00 0000 --00 0000 --uu uuuu 

RC STA 65 0000 -oox 0000 -OOx uuuu uuuu 

TX REG 65 0000 0000 0000 0000 uuuu uuuu 

RC REG 65 0000 0000 0000 0000 uuuu uuuu 

CCPR2L 65 xxxx xxxx uuuu uuuu uuuu uuuu 

CCPR2H 65 xxxx xxxx uuuu uuuu uuuu uuuu 

CCP2CON 65 0000 0000 0000 0000 uuuu uuuu 

OPTION 6X 1111 1111 1111 1111 uuuu uuuu 

61 ---1 1111 ---1 1111 ---u uuuu 
TRISA 

Other6X --11 1111 --11 1111 --uu uuuu 

Legend: u = unchanged, x = unknown, - = unimplemented bit, read as 'O', ? = value depends on condition 
Note 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 13-8 for reset value tor specific condition. 

.· 
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TABLE 13-9: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED) 

MCLR Reset during: Wake up from SLEEP 
- normal operation through interrupt 

Register Device Power-on Reset -SLEEP Wake up from SLEEP 
WOT timeout during nor- through WOT timeout 
mal operation 

TRISB 6X 1111 1111 1111 1111 uuuu uuuu 

TRISC 6X 1111 1111 1111 1111 uuuu uuuu 

TRISD 6X 1111 1111 1111 1111 uuuu uuuu 
---

TRISE 6X 0000 -111 0000 -111 uuuu -uuu 

PIE1 6X 0000 0000 0000 0000 uuuu uuuu 

PIE2 65 ---- ---0 ---- ---0 ---- ---u 

PCON 6X ---- --0- ---- --u- - --- --u-

PR2 6X 1111 1111 1111 1111 1111 1111 

SSPADD 6X 0000 0000 0000 0000 uuuu uuuu 

SSPSTAT 6X --00 0000 --00 0000 --uu uuuu 

TX STA 65 0000 -010 0000 -010 uuuu -uuu 

SPBRG 65 0000 0000 0000 0000 uuuu uuuu 

Legend: u =unchanged, x = unknown, - = unimplemented bit, read as 'O', ? =value depends on condition 
Note 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 13-8 for reset value for specific condition. 
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FIGURE 13-9: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO Voo}: CASE 1 

VDD 

'' 

INTERNAL POR 

-----tPWRT----· 

PWRTTIME-OUT :.-tosr---: 
~-------

OST TIME-OUT 

INTERNAL RESET 

FIGURE 13-10: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO Voo): CASE 2 

VDD 

INTERNAL POR 

----- IPWRT----· 

PWRTTIME-OUT :-tosr--: 
~-------

OST TIME-OUT 

INTERNAL RESET 

FIGURE 13-11: TIME-OUT SEQUENCE ON POWER-UP (MCLRTIEDTO Voo) 

VDD 

INTERNAL POR 

PWRT TIME-OUT 

OST TIME-OUT 

INTERNAL RESET 
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FIGURE 13-12: EXTERNAL POWER-ON 
RESET CIRCUIT (FOR SLOW 
Voo POWER-UP) 

1. 

VDD 

D R 
R1 

~~---~~~vvv---; MCCTi 

PIC16CXX 

Note: 

External power-on reset circuit is required 
only if Voo power-up slope is too slow. The 
diode D helps discharge the capacitor 
quickly when Voo 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 is 5µA). A larger voltage drop will 
degrade VIH level on MCLR pin. 

3. R1=100Q to 1Kn will limit any current flow
ing into MCLR from external capacitor C in 
the event of MCLR pin breakdown due to 
ESD or EOS. 

© 1995 Microchip Technology Inc. 
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FIGURE 13-13: BROWN-OUT PROTECTION 
CIRCUIT 1 

PIC16CXX 

Note: 

1. This circuit will activate reset when Voo 
goes below (Vz + 0.7V) where Vz =Zener 
voltage. 

FIGURE 13-14: BROWN-OUT PROTECTION 
CIRCUIT2 

Voo 

~1 
Voo 

R1 

\------1 MCLR 

R2 ~ 40k 
PIC16CXX 

-=-

Note: 

1. This brown-out circuit is less expensive, 
albett less accurate. Transistor 01 turns off 
when VDD is below a certain level such 
that: 

R1 
=0.7V. VDD • 

R1 + R2 
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13.5 Interrupts 

The PIC16C6X family has up to 12 sources of interrupt: 

Device: 

LI) ""' ... 
Interrupt sources: 

co co co 
0 0 0 co co co ... ... ... 
0 0 0 
ii: ii: a: 

External interrupt RBO/INT x x x 
TM RO overflow interrupt x x x 
PORTB change interrupts (pins x x x 
RB<7:4>) 

TMR1 overflow interrupt x x 
TMR2 matches period interrupt x x 
CCP1 interrupt x x 
CCP2 interrupt x 
SCI asynchronous transmit and x 
receive 

Synchronous serial port interrupt x x 
Parallel slave port read/write interrupt x x 

The interrupt control register (INTCON) records individ
ual 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 dis
abled through their corresponding enable bits in 
INTCON register. GIE is cleared on reset. 

The "return from interrupt" instruction, RETFIE, exits 
interrupt routine as well as sets the GIE bit, which 
re-enable interrupts. 

The INT pin interrupt, the RB port change interrupt and 
the TMRO overflow interrupt flags are contained in the 
INTCON register. 

The peripheral interrupt flags are contained in the spe
cial register PIR1. The corresponding interrupt enable 
bits are contained in special register PIE1 and the 
peripheral interrupt enable bit is contained in special 
register INTCON. 

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 soft
ware before re-enabling interrupts to avoid recursive 
interrupts. 
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When an interrupt is responded to, the GI E 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 
three or four instruction cycles. The exact latency 
depends when the interrupt event occurs (see 
Figure 13-17). The latency is the same for one or two 
cycie instructions. Once in the interrupt service routine 
the source(s) of the interrupt can be determined by poll
ing the interrupt flag bits. The interrupt flag 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 correspond
ing mask bit or the GIE bit. 
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FIGURE 13-15: INTERRUPT LOGIC FOR PIC16C65 AND PIC16C64 

TMR11F 

TMR11E 

PSPIF 
PSPIE 

TMR21F 
TMR21E 

CCP11F 
CCP11E 

'CCP21F 
'CCP21E 

FIGURE 13-16: INTERRUPT LOGIC FOR PIC16C61 
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TOIF 

TOIE 

INTF 
INTE 

RBIF 
ABIE 

GIE 

GIE 

~---Wakeup 
(if in SLEEP mode) 

Interrupt 
to CPU 

•Not physically implemented on the PIC16C64. 

Interrupt 
to CPU 
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FIGURE 13-17: INT PIN INTERRUPT TIMING 

01 I 021 03 I 04: 01 I 021 03 I 04 : 01 I 021 03 I 04: 01 I 021 03 I 04 : 01 I 021 03 I 04: 
' ' 

OSC1 ·~ 

CLKOUT(3) : , @ : 

INT pin ~-:---~----------~------~------
INTFflag ; ::::,:CD::. \ ~.'~®~::-~;~02~1---~-----~-----~----

1 : Interrupt Latency (2) : 
(INTCON<1>): ' ' 

GIE bit ,----------------~ 
(INTCON<7>) : ~--~------------~ 

INSTRUCTION FLOW 

PC ~--p~c------>x~--~p~c~+~1-----;k~-__,,p~c+....-1 -------<k~----rumorro4~n--~x~--7omo~as~n--· 

Instruction{ : 
fetched , 

Instruction{ : 
executed : 

Notes: 

Inst (PC) Inst (PC+1) 

lnst(PC-1) Inst (PC) 

1. INTF flag is sampled here (every 01) 

Inst (0004h) Inst (0005h) 

Dummy Cycle Dummy Cycle Inst (0004h) 

2. Interrupt latency= 3-4Tcy where Tcy =instruction cycle time. 
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. 

13.5.1 INT INTERRUPT 

External interrupt on RBO/INT pin is edge triggered: 
either rising if INTEDG bit (OPTION<6>) is set, or fall
ing, 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 soft
ware in the interrupt service routine before re-enabling 
this interrupt. The INT interrupt can wake up the pro
cessor 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 13.8 for details 
on SLEEP mode. 
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13.5.2 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. 
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13.5.3 PORTB INTCON CHANGE 13.6 Context Saving During Interrupts 

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. 

During an interrupt, only the return PC value is saved 
on the stack. Typically, users may wish to save key reg
isters during an interrupt e.g. W register and STATUS 
register. This will have to be implemented in software. 

Example 13-1 and Example 13-2 store and restore the 
STATUS and W registers. For PIC16C65 and 
PIC16C64, the register, W_TEMP, must be defined in 
both banks and must be defined at the same offset from 
the bank base address (i.e., if W_ TEMP is defined at 
Ox20 in bank 0, it must also be defined at OxAO in bank 
1). For PIC16C65 and PIC16C64, the user register, 
STATUS_ TEMP, must be defined in bank 0. 

The example: 

• Stores W register 

• Stores STATUS register in bank 0 

• Executes ISR code 

• Restores STATUS (and bank select bit) register 

• Restores W register 

EXAMPLE 13-1: SAVING STATUS ANDW REGISTERS IN RAM (PIC16C65 AND PIC16C64) 
MOVWF 

SWAPF 

BCF 

MOVWF 

SWAPF 

MOVWF 

SWAPF 

SWAPF 

W_TEMP 

STATUS,W 

STATUS, RPO 

STATUS_TEMP 

(ISR) 

STATUS_TEMP,W 

STATUS 

W_TEMP,F 

W_TEMP,W 

;Copy W to TEMP register, could be bank one or zero 

; Swap status to be saved into W 

; Change to bank zero, regardless of current bank 

; Save status to bank zero STATUS_TEMP register 

; Swap STATUS_TEMP register into W (sets bank to 
; original state) 

; Move W into STATUS register 

; Swap W_TEMP 

; Swap W_TEMP into W 

EXAMPLE 13-2: SAVING STATUS ANDW REGISTERS IN RAM (PIC16C61) 
MOVWF 

SWAPF 

MOVWF 

SWAPF 

MOVWF 

SWAPF 

SWAPF 

W_TEMP 

STATUS,W 

STATUS_TEMP 

(ISR) 

STATUS_TEMP,W 

STATUS 

W_TEMP,F 

W_TEMP,W 

© 1995 Microchip Technology Inc. 

; Copy W to TEMP register 

; Swap status to be saved into W 

; Save status to STATUS_TEMP register 

; Swap STATUS_TEMP register into W 

;Move W into STATUS register 

; Swap W_TEMP 

; Swap W_TEMP into W 
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13.7 Watchdog Timer (WOT) 

The watchdog timer is realized as a free running 
on-chip RC oscillator which does not require any exter
nal components. This RC oscillator is separate from the 
RC oscillator of the CLKIN pin. That means that the 
WOT will run, even if the clock on the OSC1 and OSC2 
pins of the device has bean stopped, for example, by 
execution of a SLEEP instruction. During normal oper
ation, a WOT time-out 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 program
ming the configuration fuse WDTE as a 'O' 
(Section 13.1). 

13.7.1 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 

FIGURE 13-18: WATCHDOG TIMER BLOCK DIAGRAM 

From TMRO Clock Source 
(see Figure 7-6) 

Watchdog 
Timer r---...---< 

WDT 
Enable Bit 

PSA 

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 postscaler, if assigned to the WOT, and prevent 
it from liming out and generating a device RESET con
dition. 

Tne iU bit in ihe STATUS register will be cleared upon 
a watchdog timer time-out. 

13.7.2 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. 

Postscaler 

8 

8-to-1 MUX PSO-PS2 

---To TMRD (see Figure 7-6) 

MUX PSA 

WT 
Time-out 

Note: TOSE, TOCS, PSA, PSO-PS2 are bits in the OPTION register. 

FIGURE 13-19: SUMMARY OF WATCHDOG TIMER REGISTERS 

Address Name 

2007h Config. bits 

81h OPTION 
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13.8 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 running, 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 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, disable exter
nal clocks. 1/0 pins that are hi-impedance inputs should 
be pulled high or low externally to avoid switching cur
rents caused by floating inputs. The TOCKI 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. 

13.8.1 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 (ii WOT was 

enabled) 

3. Interrupt from INT pin, RB port change, or some 
Peripheral Interrupts. 

The following peripheral interrupts can wake-up from 
SLEEP: 

PIC16C6X 

1. TMR1 interrupt. Timer1 must be operating as 
an asynchronous counter. 

2. SSP (Start/Stop) bit detect interrupt. 

3. CCP capture mode interrupt. 
4. Parallel 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 exe
cution. The TO and PD bits in the STATUS register can 
be used to determine the cause of device reset. l5l:i bit, 
which is set on power-up is cleared when SLEEP is 
invoked. TC5 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 GIE bit. If the GIE bit is 
clear (disabled), the device continues execution at the 
instruction after the SLEEP instruction. If the GIE bit is 
set (enabled), the device executes the instruction after 
the SLEEP instruction and then branches to the inter
rupt 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 13-20: WAKE-UP FROM SLEEP THROUGH INTERRUPT 

: 01 I 021 03 I 04: 01 I 021 03 I 04 : 01 I 02 ! 03 I 04 : 01 I 021 o3 I 04: 01 I 021 03 I 04: 

osc1~·~~ 

CLKOUT(4) ~f~ ,-
INT pin : : : : : ; ; 

INTF flag : : : r: : : Interrupt Latency (2): 
(INTCON<1>) • • • • • • • 
GIEbit ' ' ' ' ' ' ' 
(INTCON<7>) • •Processor- ' 
INSTRUCTION FLOW : in SLEEP: 

PC PC X F'C+1 ;< F'£+2 X 0004h X OOOSh 

fetched ; Inst (PC)= SLEEP Inst (PC+1) Inst (PC+2) lnstructionl : 

Instruction • I t (PC-j) SLEEP Inst (PC+1) Dummy Cycle 
executed : ns 

Note 1: XT or LP oscillator mode assumed. 
2: lost = 1024tosc (drawing not to scale). This delay will not be there for RC osc mode. 
3: When G IE= O processor jumps to interrupt routine after wake-up. If GIE = 1, execution will continue in line. 
4: CLKOUT is not available 1n these osc modes, but shown here for timing reference. 
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13.9 Code Protection 

The code in the program memory can be protected by 
programming the code protect bits. 

The PIC16C65 and PIC16C64 each have two code pro
tect bits (CP<1 :O>) and the PIC16C61 has one code 
protect bit (CP<O>). 

The PIC16C65 and PIC16C64 code protection scheme 
allows the user to selectively protect portions of the pro
gram memory. Refer to Figure 13-1 for code protection 
bit assignments for the PIC16C65 and PIC16C64. 
Once a segment has been code protected, those mem
ory locations cannot be further programmed. Unpro
tected segments can be read and reprogrammed. 

The PIC16C61 has one code protection bit, CPO (refer 
to Figure 13-2). When code protection is enabled, all 
locations 40h and above cannot be reprogrammed.The 
first 64 locations, OOh - 3Fh, can be reprogrammed. 

The configuration word and ID locations are not code 
protected for all devices. 

13.10 ID 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 read
able and writable during program/verify. Only the 4 least 
significant bits of ID location are usable. 
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13.11 In-Circuit Serial Programming 

The PIC16CXX microcontrollers can be serially pro
grammed while in the end application circuit. This is 
simply done with two lines for clock and data, 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 
also allows the most recent firmware or a custom firm
ware to be programmed. 

The device is placed into a program/verify mode by 
holding the RB6 and RB7 pins low while raising the 
MCLR (VPP) pin from VIL to VIHH (see programming 
specification). RB6 becomes the programming clock 
and RB7 becomes the programming data. Both RB6 
and RB7 are Schmitt trigger inputs in this mode. 

After reset, to place the device into programming/verify 
mode, the program counter (PC) is at location OOh. A 
6-bit command is then supplied to the device. Depend
ing on the command, 14-bits of program data 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 
Programming Specifications (Literature #DS30228). 

A typical in-system serial programming connection is 
shown in Figure 13-21. 

FIGURE 13-21: TYPICAL IN-SYSTEM SERIAL 
PROGRAMMING 
CONNECTION 

External 
Connector 
Signals 

To Normal 
Connections 

PIC16CXX 

1--~--~1---a----1 Voo 

1--~----t-----1 vss 

Vpp f----'--------l MCLRNPP 

CLKf----'-.... -+-----iRB6 

Data 110 1--~-1---t--a-----1 RB? 

--+----voo 

To Normal 
Connections 

© 1995 Microchip Technology Inc. 



14.0 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 14-2 lists byte-oriented, bit-oriented, 
and literal and control operations. Table 14-1 shows the 
opcode field descriptions. 

For byte-oriented instructions, 1' 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 14-1: 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(= 0 or 1) 
The assembler will generate code with x = 0. It is the 
recommended form of use for compatibility 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 Program Counter 

PCLATH Program 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 

italics User defined term (font is courier) 
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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 pro
gram 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 instruc
tion 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 14-2 lists the instructions recognized by the 
MPASM assembler. 

Figure 14-1 shows the three general formats that the 
instructions can have. 

All examples use the following format to represent a 
hexadecimal number: 

Oxhh 

where h signifies a hexadecimal digit. 

FIGURE 14-1: GENERAL FORMAT FOR 
INSTRUCTIONS 

Byte-oriented file register operations 

13 8 7 6 

I OPCODE 

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 

OPCODE 

b = 3-bit bit address 
f = 7-bit file register address 

Literal and control operations 

13 8 7 
I OPCODE 

k = 8-bit immediate value 

0 

f (FILE#) 

0 

f (FILE#) I 

0 

k(literal) I 
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TABLE 14-2: PIC16CXX INSTRUCTION SET 

Mnemonic, Description Cycles 14-Bit Opcode Status Notes 
Operands msb lsb Affected 

ADDWF f,d AddW and f 1 00 0111 dfff ff ff C,DC,Z 1,2 
ANDWF f,d ANDWandf 1 00 0101 dfff ff ff z 1,2 
CLRF f Clear! 1 00 0001 lfff ff ff z 2 
CLRW - ClearW 1 00 0001 Oxxx xxxx z 
COMF f,d Complement f 1 00 1001 dfff ff ff z 1,2 
DECF f,d Decrement I 1 00 0011 dfff ff ff z 1,2 
DECFSZ f,d Decrement I, Skip if o 1(2) 00 1011 d.fff ff ff 1,2,3 
INCF f,d Increment I 1 00 1010 dfff ff ff z 1,2 
INCFSZ f,d Increment f, Skip if O 1(2) 00 1111 dfff ffff 1,2,3 
IORWF f,d Inclusive OR W and f 1 00 0100 dfff ff ff z 1,2 
MOVF f,d Move! 1 00 1000 dfff ff ff z 1,2 
MOVWF f MoveWtof 1 00 0000 lfff ff ff 
NOP - No Operation 1 00 0000 OxxO 0000 
RLF f,d Rotate left through carry 1 00 1101 dfff ff ff c 1,2 
RRF f,d Rotate right f through carry 1 00 1100 dff f ff ff c 1,2 
SUBWF f,d Subtract W from f 1 00 0010 dfff ff ff C,DC,Z 1,2 
SWAPF f,d Swap nibbles in f 1 00 1110 dfff ff ff 1,2 
XORWF f,d Exclusive OR W and f 1 00 0110 dfff ff ff z 1,2 

BIT-ORIENTED FILE REGISTER OPERATIONS 

BCF f, b Bit Clear I 1 01 OObb bf ff ff ff 1,2 
BSF f, b BitSetf 1 01 Olbb bf ff ffff 1,2 
BTFSC f, b Bit Test f, Skip if Clear 1 (2) 01 lObb bf ff ff ff 3 
BTFSS f, b Bit Test f, Skip if Set 1 (2) 01 llbb bf ff ff ff 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 'f0,J5l5 
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 
Note 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'. 

Note 2: If this instruction is executed on the TMRO register (and, where applicable, d=1 ), the prescaler will be cleared 
if assigned to the TMRO. 

Note 3: If Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The sec
ond cycle is executed as a NOP. 
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14.1 Instruction Descriptions 

ADDLW 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

ADDWF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

Add Literal to W 

[ label] ADDLW k 

0 $ k $ 255 

(W)+k_,W 

C,DC,Z 

I 11 I lllx kkkk kkkk 

The contents of the W register are 
added to the eight bit literal 'K' and the 
result is placed in the W register. 

ADDLW Oxl5 

Before Instruction 
W ; Ox10 

After Instruction 
W ; Ox25 

ADDW tof 

[label] ADDWF f,d 

0 $ f $ 127 
d E [0,1] 

(W) + (f) _, (dest) 

C,DC,Z 

1 oo I 0111 I dfff ffff 

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 'f'. 

ADDWF FSR, 0 

Before Instruction 
W ; Ox17 
FSR; OxC2 

After Instruction 
W ; OxD9 
FSR; OxC2 
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ANDLW 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

ANDWF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

PIC16C6X 

And Literal and W 

[label] ANDLW k 

0SkS255 

(W) .AND. (k) _, W 

z 
11 i 1001 I kkkk kkkk 

The contents of W register are 
AND'ed with the eight bit literal 'k'. 
The result is placed in the W register. 

ANDLW OxSF 

Before Instruction 
W ; OxA3 

After Instruction 
W ; Ox03 

AND Wwithf 

[label] ANDWF f,d 

0SfS127 
d E [0,1] 

(W) .AND. (f) _, (dest) 

z 
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 'f'. 

ANDWF FSR, 1 

Before Instruction 
W ; Ox17 
FSR; OxC2 

After Instruction 
W ; Ox17 
FSR; Ox02 
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BCF Bit Clearf 

Syntax: [label] BCF f,b 

Operands: O s f s 127 
0SbS7 

Operation: O -7 f <b> 

Status Affected: None 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

BSF 

Syntax: 

Operands: 

01 I OObb bfff 

Bit 'b' in register 'I' is cleared. 

BCF FLAG_REG, 7 

Before Instruction 
FLAG_REG = OxC7 

After Instruction 
FLAG_REG = Ox47 

Bit Set f 

[label] BSF f,b 

Osfs 127 
0SbS7 

Operation: 1 -7 kb> 

Status Affected: None 

Encoding: 01 Olbb bfff 

Description: 

Words: 

Cycles: 

Example 

Bit 'b' in register 'f' is set. 

BSF FLAG_REG, 7 

Before Instruction 
FLAG_REG= OxOA 

After Instruction 
FLAG_REG= Ox8A 

DS30234A-page 2-426 

ff ff 

ff ff 

BTFSC BIT Test, skip if Clear 

Syntax: [ label] BTFSC f,b 

Operands: O s f s 127 
0SbS7 

Operation: skip if (kb>)= 0 

Status Affected: None 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

01 i 1obb bf ff ff ff 

If bit 'b' in register 'f' is 'O' then the next 
instruction is skipped. 
If bit 'b' is 'O' then the next instruction 
fetched during the current instruction 
execution is discarded, and a NOP is 
executed instead, making this a 2 cycle 
instruction. 

1 (2) 

HERE BTFSC FLAG,l 
FALSE GOTO PROCESS_CODE 
TRUE 

Before Instruction 
PC = address HERE 

After Instruction 
if FLAG<1 >=0, 
PC=address 
if FLAG<1 >=1, 
PC=address 

TRUE 

FALSE 
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BTFSS BitTest, skip if Set 

Syntax: [label] BTFSS f,b 

Operands: O ::; f ::; 127 
Q::;b < 7 

Operation: skip if (kb>) = 1 

Status Affected: None 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

CALL 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

01 I llbb bf ff ff ff 

If bit 'b' in register 'f' is '1' then the next 
instruction is skipped. 
If bit 'b' is '1 ', then the next instruction 
fetched during the current instruction 
execution, is discarded and a NOP is 
executed instead, making this a 2 cycle 
instruction. 

1 

1(2) 

HERE BTFSC FLAG, 1 
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 

Subroutine Call 

[ label l CALL k 

o::; k::;2047 

(PC)+ 1-7 TOS, 
k -7 PC<10:0>, 
(PCLATH<4:3>) -7 PC<12:11> 

None 

10 I Okkk I kkkk I kkkk 

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 upper bits of 
the PC are loaded from PCLATH. 
CALL is a two cycle instruction. 

1 

2 

HERE CALL THERE 

Before Instruction 
PC = Address 
HERE 

After Instruction 
PC = Address 
THERE 
TOS= Address 
HERE+l 
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CLRF Clearf 

Syntax: (label] CLRF 

Operands: O ::; f ::; 127 

Operation: OOh -7 f 
1 -7 z 

Status Affected: Z 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

CLRW 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

00 0001 lfff ffff 

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 
z 

Clear W Register 

[ label] CLAW 

None 

OOh -7 (W) 
1 -7 z 
z 

00 0001 OXXX 

OxOO 
1 

xxxx 
W registered is cleared. Zero bit (Z) is 
set. 

CLRW 

Before Instruction 
w 

After Instruction 
w 
z 

Ox5A 

OxOO 
1 
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CLRWDT 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

COMF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

Clear Watchdog Timer 

[label] CLRWDT 

None 

OOh--tWDT 
O --t WOT prescaler, 
1 --t TO 
1 --t PD 

TO, PD 
1 oo 0000 0110 0100 

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 
WOT prescale = 
TO 
PD 

Complement f 

[label] COMF f,d 

0$f$127 
d E (0,1] 

(f) --t (dest) 

z 
00 i 1001 dfff 

? 

OxOO 
0 

ff ff 

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 

After Instruction 
REG1 
w 

Ox13 

Ox13 
OxEC 
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DECF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

DECFSZ 

Syntax: 

Operands: 

Decrementf 

[label] DECF f,d 

0$f$127 
d E(0,1] 

(f)-1 --t ( dest) 

z 
oo I 0011 dfff ffff 

Decrement register 'f. If 'd' is O the 
result is stored in the W re~ister. If 'd' 
!~.1 the result is stored bac in register 

DECF CNT, 1 

Before Instruction 
CNT Ox01 
z 0 

After Instruction 
CNT 
z 

OxOO 
1 

Decrement f, skip if O 

[label] DECFSZ f,d 

0 $ f $127 
d E (0,1] 

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

Status Affected: None 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

oo 11011 I dfff I ffff 

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 ~a two cycle instruction. 

1 

1(2) 

HERE DECFSZ CNT, 1 
GOTO LOOP 

CONTINUE 

Before Instruction 
PC address HERE 

After Instruction 
CNT CNT-1 
ifCNT 0, 
PC address CON-

TINUE 
ifCNT ..,. 0, 
PC address 

HERE+l 
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GOTO Unconditional Branch 

Syntax: [ label] GOTO k 

Operands: o s; ks; 2047 

Operation: k-> PC<10:0> 
(PCLATH<4:3>)-> PC<12:11> 

Status Affected: None 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

INCF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

10 I lkkk I kkkk I kkkk 

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. 

2 

GOTO THERE 

After Instruction 
PC = Address THERE 

lncrementf 

[label] INCF f,d 

OSfS 127 
d E (0,1] 

(f) + 1 -> ( dest) 

z 
00 I 1010 dfff ffff 

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'. 

INCF CNT, 1 

Before Instruction 
CNT 
z 

After Instruction 
CNT 
z 

Ox FF 
0 

oxoo 
1 
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INCFSZ Increment f, skip if O 

Syntax: [label] INCFSZ f,d 

Operands: Os f s 127 
d E [0,1] 

Operation: (f) + 1 -> ( dest), skip if result = O 

Status Affected: None 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

IORLW 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

oo I 1111 I dfff I ffff 

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 'I'. 
If the result is 0, the next instruction, 

~~i~~~ ~r~5~ i~e~x~~~t!:d ~~~fi~d 
making it a two cycle instruction. 

1(2) 

HERE INCFSZ 
GOTO 

CONTINUE 

CNT, 1 
LOOP 

Before Instruction 
PC address HERE 

After Instruction 
CNT 
ifCNT= 
PC 

TINUE 
ifCNT" 
PC 

+1 

CNT+1 
0, 
address CON-

0, 
address HERE 

Inclusive OR Literal with W 

[label] IORLW k 

0SkS255 

(W) .OR. (k)-> (W) 

z 
11 11000 I kkkk kkkk 

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 
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IORWF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

MOVLW 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

Inclusive OR W with f 

[label] IORWF f,d 

0:5f:5127 
d E [0,1] 

(W) .OR. (f) ~ (W) 

z 
oo I 0100 I dfff ffff 

Inclusive OR the W register with regis
ter 'f'. If 'd' is o the result is placed in 
the W register. If 'd' is 1 the result is 
placed back in register 'f. 

IORWF RESULT, 0 

Before Instruction 
RESULT = Ox13 
W Ox91 

After Instruction 
RESULT = Ox13 
W Ox93 

Move Literal to W 

[label] MOVLW k 

0:5k:5255 

k~(W) 

None 

11 OOXX kkkk kkkk 

The eight bit literal 'k' is loaded into W 
register. The don't cares will assem
ble as O's. 

MOVLW Ox5A 

After Instruction 
W = Ox5A 

OS30234A-page 2-430 

MOVF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

MOVWF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

Movef 

.[label] MOVF f,d 

0:5f:5127 
d E [0,1] 

(f) ~ (dest) 

z 
00 J 1000 dfff ff ff 

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 reg-
ister 

MoveWtof 

[ label] MOVWF 

0:5f:5127 

(W)~(f) 

None 

00 0000 lfff ffff 

Move data from W register to register 
'f. 

MOVWF OPTION 

Before Instruction 
OPTION ·. OxFF 
W Ox4F 

After Instruction 
OPTION Ox4F 
W Ox4F 
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NOP No Operation 

Syntax: [label] NOP 

Operands: None 

Operation: No operation 

Status Affected: None 

Encoding: 00 I 0000 OXXO 0000 

Description: No operation. 

Words: 

Cycles: 

Example NOP 

© 1995 Microchip Technology Inc. 

PIC16C6X 

RETFIE Return from Interrupt 

Syntax: [label] RETFIE 

Operands: None 

Operation: TOS -7 PC, 
1 -7 GIE; 

Status Affected: None 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

RETLW 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

00 0000 0000 1001 

Return from Interrupt. Stack is popped 
and Top of Stack (TOS) is loaded in 
the PC. Interrupts are enabled by set
ting the Global Interrupt Enable (GIE) 
bit. GIE is the global interrupt enable 
bit (INTCON<7>). This is a two cycle 
instruction. 

2 

RETFIE 

After Interrupt 
PC = TOS 
GIE = 

Return Literal to W 

[label] RETLW k 

0SkS255 

k -7 W; TOS -7 PC; 

None 

11 I OlXX I kkkk kkkk 

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. 

2 

CALL TABLE ;W contains table 
; offset value 
;W now has table value 

TABLE .ADIMF PC ;W = offset 
REl'LW kl : Begin table 
REl'LW k2 

REl'LW kn : End of table 

Before Instruction 
W = Ox07 

After Instruction 
W = value of k7 
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RETURN 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

RLF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

Return from Subroutine 

[·label] RETURN 

None 

TOS-..+ PC; 

None 

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 

Rotate Left f through Carry 

[label] RLF f,d 

OSfS 127 
d E (0,1] 

See description below 

c 
I oo i 1101 I dfff ffff 

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 regis
ter 'f'. 

~ register I 1=-i 

RLF REGl, 0 

Before Instruction 
REGl 
c 

After Instruction 
REGl 
w 
c 

11100110 
o 

11100110 
11001100 
1 
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RRF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

SLEEP 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

Rotate Right f through Carry 

[ label] RRF f,d 

Osfs 127 
d E (0,1] 

See description below 

c 
1 oo I 1100 I dfff ffff 

The contents of register 'f Ille rotated 
one bit to 1he ri!Jll through 1he Carry 
Flag. H 'd' is O 1he result is placed in the 
W register. H 'd is 1 the result is placed 
back in register T. 

~ register I b 

RRF REGl,O 

Before Instruction 
REGl 
c 

After Instruction 
REGl 
w 
c 

[label] SLEEP 

None 

OOh--+ WOT, 
o --+WOT prescaler 
1 --+ ro, 
0--+ J5lj 

m, l515" 

11100110 
o 

11100110 
01110011 
1 

I oo 1 0000 0110 0011 

The power down status bit (150) 
is cleared. Time-out status bit 
(i'O) is set. Watchdog Timer and 
its prescaler are cleared. 
The processor is put into SLEEP 
mode with the oscillator 
stopped. See Section 13.8 for 
more details. 

SLEEP 
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SUBLW 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 1: 

Example 2: 

Example 3: 

SubtractW from Literal 

[label] SUBLW k 

osk s255 

k - (W) ---; (W) 

C,DC,Z 

I 11 I llOx I kkkk I kkkk I 
The W register is subtracted (2's 
complement method) from th" 
eight bit literal 'k'. The result is 
placed in the W register. 

1 

SUBLW Ox02 

Before Instruction 

w = 

c ? 

After Instruction 

w = 
c 1; result is 
positive 

Before Instruction 

w = 2 
c ? 

After Instruction 

w = 0 
c 1; result is 
zero 

Before Instruction 

w = 3 
c ? 

After Instruction 

W = FF 
C O; result is 

SUBWF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 1: 

Example 2: 

negative Example 3: 

PIC16C6X 

Subtract W from f 

[label] SUBWF f,d 

Osfs127 
d E (0,1] 

f - (W) ---; (de st) 

C, DC,Z 

I 00 I 0010 I dfff ff ff 

Subtract (2's complement meth
odize W register from register 'f'. 
If 'd' is 0 the result is stored in 
the W register. If 'd' is 1 the 
result is stored back in register 
'f'. 

SUBWF REGl, I 

Before Instruction 

REG1 3 
w 2 
c ? 

After Instruction 

REG1 1 
w 2 
c 1; result is 

positive 

Before Instruction 

REG1 2 
w 2 
c ? 

After Instruction 

REG1 0 
w 2 
c 1; result is 

zero 

Before Instruction 

REG1 
w 2 
c ? 

After Instruction 

REG1 FF 
w 2 
c O; result is 

negative 
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SWAPF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

Swapf 

[ label SWAPF f,d 

l 
O:>f:> 127 
d E [0,1] 

1<0:3> -t d<4:7>, 
1<4:7> -t d<0:3> 

None 

I oo i 1110 I dfff ffff 

The upper and lower nibbles of 
register 'f' are exchanged. If 'd' is 
O the result is placed in W register. 
If 'd' is 1 the result is placed in reg
ister 'f'. 

SWAP REG, 

F 

Before Instruction 

0 

REG1 OxA5 

After Instruction 

REG1 OxA5 
W Ox5A 
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XORLW 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

XORWF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

Exclusive OR Literal with W 

[label] XORLW k 

O:>k:>255 

(W) .XOR. k -t (W) 

z 
11 1 1010 i kkkk i kkkk I 

The contents of the W register 
are XOR'ed with the eight bit lit
eral 'k'. The result is placed in 
the W register. 

1 

XORLW OxAF 

Before Instruction 

W = OxB5 

After Instruction 

W = Ox1A 

Exclusive OR W with f 

(label] XORWF f,d 

O:>f:>127 
d E [0,1] 

(W) .XOR. (f) -t (dest) 

z 
oo I 0110 I dfff ff ff 

Exclusive OR the contents of the 
W register with register 'f'. If 'd' is 
0 the result is stored in the W reg
ister. If 'd' is 1 the result is stored 
back in register 'f'. 

1 

XORWF REG 1 

Before Instruction 

REG OxAF 
w Ox BS 

After Instruction 

REG Ox1A 
w Ox BS 

© 1995 Microchip Technology Inc. 



15.0 DEVELOPMENT SUPPORT 

15.1 Development Tools 

The PIC16/17 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 

• PICDEM-1 Low-Cost Demonstration Board 

• PICDEM-2 Low-Cost Demof's!r3.!iOf' Bog_rd 

• MPASM Assembler 

• MPSIM Software Simulator 

• C Compiler (MP-C) 

• Fuzzy logic development system 
(fuzzyTECH®-MP) 

15.2 PICMASTER: High Performance 
Universal In-Circuit Emulator 

The PICMASTER Universal In-Circuit Emulator pro
vides the product development engineer with a com
plete microcontroller design tool set for all 
microcontrollers in the PIC16C5X, PIC16CXX and 
PIC17CXX families. A PICMASTER System configura
tion is shown in Figure 15-1. 

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 386 and better machines. The development 
software runs in the Microsoft Windows™ 3.x environ
ment, allowing the operator access to a wide range of 
supporting software and accessories. 

PIC16C6X 

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 operating system allows the devel
oper to take full advantage of the many powerful fea
tures and functions of the PICMASTER system. 

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

PC-Host emulation control software takes full advan
tage of Dynamic Data Exchange (DDE), a feature of 
Windows 3.x. 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 database 
program for further analysis. 

Under Windows 3.x1, two or more PICMASTER emula
tors can be 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). 

The PICMASTER probes currently meet the specifica
tions shown in Table 15-1. 

FIGURE 15-1: PICMASTER SYSTEM CONFIGURATION 

Common Interface Card 
PC Compatible Computer 

© 1995 Microchip Technology Inc. 

n- me 
Power Supply 

(Optional) 

Power Switch 
Power Connector 

Aux. 

PC-Interface 
Ext +5V 

PICMASTER Emulator Pod 

< 90-250VAC 

Logic Probes 
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TABLE 15·1: PICMASTER PROBE SPECIFICATION 

PROBE 
PICMASTER Probe Devices Supported Maximum Operating 

Frequency Voltage 

PROBE-168 PIC16C71 10MHz 4.5V-5.5V 

PROBE-16C PIC16C84 10MHz 4.5V-5.5V 

PROBE-160 PIC16C54, PIC16C54A, PIC16CR54, PIC16C55, 20MHz 4.5V-5.5V 
PIC16C56, PIC16C57, PIC16CR57A, PIC16C58A, and 
PIC16CR58A 

PROBE-16E PIC16C64 10MHz 4.5V-5.5V 
PROBE-16F PIC16C65*, PIC16C73 and PIC16C74 10MHz 4.5V-5.5V 

PROBE-16G PIC16C61 10MHz 4.5V-5.5V 
PROBE-16H PIC16C620, PIC16C621 and PIC16C622 10MHz 4.5V-5.5V 
PROBE-17A PIC17C42 16MHz 4.5V-5.5V 

• PROBE-16F indirectly supports the PIC16C65. 
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15.3 PRO MATE: Universal Programmer 

The PRO MATE Universal Programmer is a full-fea
tured 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 bits in this 
mode. 

In PC-hosted mode, the PRO MATE connects to the PC 
via one of the COM (RS-232) ports. 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 selection of Voo min, Voo max and VPP levels, 
load and store to and from disk files (lntefii' hex format) 
are some of the features of the software. Essential 
commands 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 dif
ferent processor types and/or package types. 

PRO MATE supports all PIC16C5X, PIC16CXX and 
PIC17CXX processors. 

15.4 PICSTART Low-Cost Development 
System 

The PICSTART programmer 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. PICSTART is not recommended for pro
duction programming. 

© 1995 Microchip Technology Inc. 
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PICDEM-1 Low-Cost PIC16/17 
Demonstration Board 

The PICDEM-1 is a simple board which demonstrates 
the capabilities of several of Microchip's microcontrol
lers. The microcontrollers supported are: PIC16C5X 
(PIC16C54 to PIC16C58A), PIC16C61, PIC16C62X, 
PIC16C71, PIC16C84 and PIC17C42. All necessary 
hardware and software is included to run basic demo 
programs. The users can program the sample micro
controllers provided with the PICDEM-1 board, on a 
PRO MATE or PICSTART-168 programmer, and 
easily test firmware. The user can also connect the 
PICDEM-1 board to the PICMASTER emulator and 
download the firmware to the emulator for testing. Addi
tional prototype area is available for the user to build 
some additional hardware and connect it to the micro
controller socket(s). Some of the features include an 
RS-232 interface, a potentiometer for simulated analog 
input, push-button switches and eight LEDs connected 
to PORTS. 

15.6 PICDEM-2 Low-Cost PIC16CXX 
Demonstration Board 

The PICDEM-2 is a simple demonstration board that 
supports the PIC16C64, PIC16C65, PIC16C73 and 
PIC16C74 microcontrollers. All the necessary hard
ware and software is included to run the basic 
demonstration programs. The user can program 
the sample microcontrollers provided with the PIC
DEM-2 board, on a PRO MATE programmer or PIC
START-16C, and easily test firmware. The 
PICMASTER emulator may also be used with the PIC
DEM-2 board to test firmware. Additional prototype 
area has been provided to the user for adding addi
tional hardware and connecting it to the microcontroller 
socket(s). Some of the features include a RS-232 inter
face, push-button switches, a potentiometer for simu
lated analog input, a Serial EEPROM to demonstrate 
usage of the 12C bus and separate headers for connec
tion to and LCD module and a keypad. 
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15.7 Assembler (MPASM) 

The MPASM Cross Assembler is a PC-hosted symbolic 
assembler. It supports all microcontroller series includ
ing the PIC16C5X, PIC16CXX, and PIC17CXX fami
lies. 

MPASM offers full 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 Microchip 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 files, Listing files, Symbol files 
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 rep
resented by four basic classes of directives: 

• Data Directives control the allocation of memory 
and provide a way to refer to data items symboli
cally, 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 condition
ally assembled code. 

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

15.8 Software Simulator (MPSIM) 

The MPSIM Software Simulator allows code develop
ment in a PC host environment. It allows the user to 
simulate the PIC16/17 series microcontrollers on an 
instruction level. On any given instruction, the user may 
examine or modify any of the data areas or provide 

TABLE 15-2: DEVELOPMENT SYSTEM PACKAGES 

Item Name 

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. MPSIM fully supports symbolic debugging 
using MP-C and MPASM. The Software Simulator 
offers the low cost flexibility to develop and debug code 
outside of the laboratory environment making it an 
excellent multi-project software development tool. 

15.9 C Compiler (MP-C) 

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 
(emulator software versions 1.13 and later). 

The MP-C Code Development System is supplied 
directly by By1e Craft Limited of Waterloo, Ontario, Can
ada. If you have any questions, please contact your 
regional Microchip FAE or Microchip technical support 
personnel at (602) 786-7627. 

15.10 Fuzzy Logic Development System 
CfuzzyTECH-MP) 

fuzzyTECH-MP fuzzy logic development tool comes in 
two versions: a low cost introductory version, 
MP Explorer, for designers to gain a comprehensive 
working knowledge of fuzzy logic system design, and a 
full-featured fuzzyTECH-MP Edition for implementing 
more complex systems. 

Both versions include Microchip's fuzzyLAB™ demon
stration board for hands-on experience with fuzzy logic 
systems implementation. 

15.11 Development Systems 

For convenience, the development tools are packaged 
into comprehensive systems as listed in Table 15-2. 

System Description 

1. PICMASTER System PICMASTER In-Circuit Emulator with PRO MATE Programmer, Assembler, 
Software Simulator, Samples, and your choice of Target Probe, 

2. PICSTART System PICSTART Low-Cost Prototype Programmer, Assembler, Software Simulator 
and Samples. 

3. PRO MATE System PRO MATE Universal Programmer, full featured stand-alone or PC-hosted 
programmer, Assembler, Simulator 
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16.0 ELECTRICAL CHARACTERISTICS FOR PIC16C65 
Absolute Maximum Ratings t 

PIC16C6X 

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 ............................................................................................................... Oto +7.5 V 

Voltage on MCLR with respect to Vss (Note 2) ................................................................................................ 0 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 (Vl<O or VI> Voo) ........................................................................................................................... ±20mA 

Output clamp current, loK (VO <0 orVO>VDD) .................................................................................................................... ±20mA 

Maximum Output Current sunk by any 1/0 pin .......................................................................................................... 25mA 

Maximum Output Current sourced by any 1/0 pin ..................................................................................................... 25mA 

Maximum Current sunk by PORTA, PORTS, and PORTE (combined) ................................................................... 200mA 

Maximum Current sourced by PORTA, PORTS, and PORTE (combined) .............................................................. 200mA 

Maximum Current sunk by PORTC and PORTO (combined) ................................................................................. 200mA 

Maximum Current sourced by PORTC and PORTO (combined) ............................................................................ 200mA 

Note 1: Power dissipation is calculated as follows: Pdis = Voo x {loo - I IOH} + I {(Voo-VoH) x loH} + I(Vol x IOL) 

Note 2: Voltage spikes below Vss at the MCLR pin, inducing 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 16-1: CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS 
AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES) 

OSC PIC16C65-04 

RC Voo: 4.0V to 6.0V 
loo: 5mA Max. at 5.5V 
IPo: 21µA Max. at 4V WDT 

disabled 
Freq: 4MHz Max. 

XT Voo: 4.0V to 6.0V 
loo: 5mA Max. at 5.SV 
IPO: 21µA Max. at 4V WDT 

disabled 
Fre : 4MHz Max. 

VPO: 3.0V to 6.0V 
IPO: 48µA Max. at 32 KHz, 

3.0V 
IPO: 13.5µA Max. at 3.0V 

WDT disabled 
Freq: 200 kHz Max. 

The shaded sections indicate oscillator selections which are tested for functionality, but not for MIN/MAX specifica
tions. It is recommended that the user select the device type that guarantees the specifications required. 
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16.1 DC CHARACTERISTICS: PIC16C65-04 (Commercial, Industrial, Automotive) 
PIC16C65-10 (Commercial, Industrial, Automotive) 
PIC16C65-20 (Commercial, Industrial, Automotive) 

Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40°C s TA s + 125°C for automotive, 

DC CHARACTERISTICS -40°C s TA s; + 85°C for industrial and 
o·c s TA s +70°C for commercial 

Operating voltage VDD = 4.0V to 6.0V 

Characteristic Sym Min Ty pt Max Units Conditions 

Supply Voltage Voo 4.0 - 6.0 v XT, RC and LP osc configuration 
4.5 - 5.5 v HS osc configuration 

RAM Data Retention VOR - 1.5 - v Device in SLEEP mode 
Voltage (Note 1) 

Voo start voltage to VPOR - Vss - v See section on power-on reset for details 
guarantee Power-On Reset 

Voo rise rate to guarantee Svoo 0.05* - - Vims See section on power-on reset for details 
Power-On Reset 

Supply Current (Note 2, 5) loo - 2.7 5 mA XT, RC, osc configuration (PIC16C65-04) 
Fosc = 4 MHz, Voo = 5.5V (Note 4) 

-
52.5 105 µA LP osc configuration (PIC16C65-04) 

Fosc = 32 KHz, Voo = 4.0V, WDT disabled 
-

13.5 30 mA HS osc configuration (PIC16C65-20) 
Fosc = 20 MHz, Voo = 5.5V 

Power Down Current (Note 3, 5) IPO - 10.5 42 µA Voo=4.0V, WDT enabled,-40"C to +85°C 
- 1.5 21 µA VDD=4.0V, WDT disabled,-0°C to +70°C 
- 1.5 24 µA Voo=4.0V, WDT disabled,-40"C to +85°C 
- 1.5 TBD µA V00=4.0V, WDT disabled,-40"C to +125°C 
- 15* 32* µA LP osc, VOD=2.5V, Sleep Mode, 

TMR1 External Clock=32KHz, Commercial 
- 19* 40* µA LP osc, Voo=2.5V, Sleep Mode, 

TMR1 External Clock=32KHz, Industrial 

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. 
Note 1: This is the limit 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 con
sumption. 
The test conditions for all IDD measurements in active operation mode are: 
OSC1 =external square wave, from rail to rail; all 1/0 pins tristated, pulled to VDD, 
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 VDD and Vss· 

4: For RC osc configuration, current through Rext is not included. The current through the resistor can be estimated by the for
mula Ir = VDD/2Rext (mA) with Rext in kOhm. 

5: Timer1 oscillator (when enabled) adds approximately 20µA to the specification. This value is from characterization and is 
for design guidance only. This is not tested. 
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16.2 DC CHARACTERISTICS: PIC16LC65-04 (Commercial, Industrial, Automotive) 

Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40°C :>TA:>+ 125"C for automotive, 

DC CHARACTERISTICS -40°C :>TA:>+ 85°C for industrial and 
o·c :>TA:> +70°C for commercial 

Operating voltage VDD = 3.0V to 6.0V 

Characteristic Sym Min Ty pt Max Units Conditions 

Supply Voltage Voo 3.0 - 6.0 v LP osc configuration 
3.0 - 6.0 v XT, RC osc configuration (DC - 4MHz) 

RAM Data Retention Voltage VDR 1.5* - - v Device in SLEEP mode 
(Note 1) 

Voo start voltage to guarantee VPOR - Vss - v See section on power-on reset for details 
Power-On Reset 

Voo rise rate to guarantee SVDD 0.05* - - Vims See section on power-on reset for details 
Power-On Reset 

Supply Current (Note 2, 5) IDD - 2.0 3.8 mA XT, RC osc configuration 
Fosc = 4 MHz, VDD = 3.0V (Note 4) 

- 22.5 48 µA LP OSC CONFIGURATION 
Fosc = 32 KHz, VDD = 3.0V, WOT disabled 

Power Down Current (Note 3, 5) IPD - 7.5 30 µA Voo=3.0V, WOT enabled,-40"C to +85°C 
- 0.9 13.5 µA VDD=3.0V, WOT disabled,O"C to +70°C 
- 0.9 18 µA Voo=3.0V, WOT disabled,-40"C to +85°C 
- 0.9 24 µA VDD=3.0V, WOT disabled,-40"C to+ 125°C 

These parameters are characterized but not tested. 
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: This is the limit 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 VO pin loading and 
switching rate, oscillator type, internal code execution pattern, and temperature also have an impact on the current con
sumption. 
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, 
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-impedance state and lied 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 for
mula Ir= Voo/2Rext (mA) with Rext in kOhm. 

5: Timer1 oscillator (when enabled) adds approximately 20µA to the specification. This value is from characterization and is for 
design guidance only. This is not tested. 
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16.3 DC CHARACTERISTICS: 

DC CHARACTERISTICS 

Characteristic Sym 

Input Low Voltage 
110 ports VIL 

with TTL buffer 
with Schmitt Trigger buffer 

MCLR, RA4/TOCKl,OSC1 (in RC 
mode) 
OSC1 (in XT, HS and LP) 
Input High Voltage 
1/0 ports VIH 

with TTL buffer 
with Schmitt Trigger buffer 

MCLR RA4/TOCKI, RC<7:4>, 
RD<7.4>, INT 
RE<2:0>, OSC1 (XT, HS and LP) 
PortB weak pull-up current IPURB 
Input Leakage Current (Notes 2, 3) 
1/0 ports llL 
MCLR, RA4/TOCKI 
OSC1 

Output Low Voltage 
110 ports VOL 

OSC2/CLKOUT 
(RC osc configuration) 
Output High Voltage 
1/0 ports (Note 3) VOH 

OSC2/CLKOUT 
(RC osc configuration) 
Capacitive Loading Specs on Out-
put Pins 
OSC2 pin Cosc2 

All 1/0 pins and OSC2 (in RC mode) oo 

SCL, SDA in 12C mode Cb 

PIC16C65-04 (Commercial, Industrial, Automotive) 
PIC16C65-10 (Commercial, Industrial, Automotive) 
PIC16C65-20 (Commercial, Industrial, Automotive) 
PIC16LC65-04 (Commercial, Industrial, Automotive) 
Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40"C STA s + 125"C for automotive, 

-40°C 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 Table 16-1 and 
Table 16-2 

Min Typ Max Units Conditions 

t 

Vss - 0.8V v 
Vss - 0.2VDD v 
Vss - 0.2VDD v 

Vss - 0.3VDD v Note1 

-
2.0 - VDD v 4.5V s VDD s 5.5V 

0.85Voq - Voo For entire Voo range 
0.85Voo - Voo v 

0.7 VDD - VDD v Note1 
50 200 t400 µA Voo = 5V, VPIN = Vss 

- - ±1 µA Vss s VPIN s Voo, Pin at hi-impedance 

- - ±5 µA Vss s VPIN s Voo 

- - ±5 µA Vss s VPIN s Voo, XT, HS and LP osc con 
figuration 

- - 0.6 v loL = 8.5mA, Voo-4.5V, -40°C to +85°C 
- - 0.6 v IOL = 7.0mA, VDD-4.5V, -40°C to +125°C 

- - 0.6 v loL = 1.6mA, Voo-4.5V, -40°C to +85°C 

- - 0.6 v IOL = 1.2mA, Voo-4.5V, -40°C to + 125°C 

Voo-0.7 - - v loH = -3.0mA, Voo;,,4.5V, -40°C to +85°C 
Voo-0.7 - - v IOH = -2.5mA, VDD=4.5V, -40°C to + 125°C 
VDD-0.7 - - v loH = -1.3mA, Voo=4.5V, -40°C to +85°C 
Voo-0.7 - - v IOH = -1.0mA, VDD=4.5V, -40°C to + 125°C 

15 pF In XT, HS and LP modes when external 
clock is used to drive OSC1. 

50 pF 
400 pF 

t Data 1n "Typ" column 1s at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 

Note 1: In RC oscillator configuration, the OSC1 pin is a Schmitt trigger input. It is not recommended that the PIC16C65 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 nor
mal operating conditions. Higher leakage current may be measured at different input voltages. 

3: Negative current is defined as coming out of the pin. 
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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 (12C specifications only) 

IT F Frequency I T Time 

Lowercase subscripts (pp) and their meanings: 

pp 
cc CCP1 OSG OSC1 

ck CLKOUT rd RD 

cs cs rw RDorWR 

di SDI SC SCK 

do SDO SS ~ 

dt Data in to TOCKI 

io 1/0 port t1 T1CKI 

me MCLR wr WR 

Uppercase letters and their meanings: 

s 
F Fall p Period 

H High R Rise 

I Invalid (Hi-impedence) v Valid 

L ow z High lmpedence 

12C only 
AA output access High High 

BUF Bus free Low Low 

Tcc:sr (12C specifications only) 

cc 
HD Hold SU Setup 

ST 

DAT DATA input hold STO STOP condition 

STA START condition 
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16.5 Timing Diagrams and Specifications 

FIGURE 16-1: EXTERNAL CLOCK TIMING 

Q4 Q1 Q2 Q3 Q4 Q1 

OSC1 

--------- 2 -----------11• 
CLKOUT 

TABLE 16-2: EXTERNAL CLOCK TIMING REQUIREMENTS 

Parameter Sym Characteristic Min Ty pt Max Units Conditions 
No. 

Fosc External CLKIN Frequency DC - 4 MHz XT and RC osc mode 
(Note 1) DC - 4 MHz HS osc mode (PIC16C65-04, 

PIC16LC65-04) 

DC - 20 MHz HS osc mode (PIC16C65-20) 

DC - 200 KHz LPosc mode 

Oscillator Frequency DC - 4 MHz RCoscmode 
(Note 1) 0.1 - 4 MHz XToscmode 

4 - 4 MHz HS osc mode (PIC16C65-04, 
PIC16LC65-04) 

4 - 10 MHz HS osc mode (PIC16C65-10) 

4 - 20 MHz HS osc mode (PIC16C65-20) 

5 - 200 KHz LP osc mode 

1 Tosc External CLKIN Period 250 - - ns XT and RC osc mode 
(Note 1) 250 - - ns HS osc mode (PIC16C65-04, 

PIC16LC65-04) 

100 - - ns HS osc mode (PIC16C65-10) 

50 - - ns HS osc mode (PIC16C65-20) 

50 - - µs LPoscmode 

Oscillator Period 250 - - ns RCoscmode 
(Note1) 250 - 10,000 ns XToscmode 

250 - 250 ns HS osc mode (PIC16C65-04, 
PIC16LC65-04) 

100 - 250 ns HS osc mode (PIC16C65-10) 

50 - 1,000 ns HS osc mode (PIC16C65-20) 

5 - - µs LP osc mode 

2 Tcv Instruction Cycle nme (Note 1) 200 - DC ns TCY=4/Fosc 

3 Tosl, Clock in (OSC1) High or Low nme 50 - - ns XToscillator 
TosH 2.5 - - µs LP oscillator 

10 - - ns HS oscillator 

4 TosR, Clock in (OSC1) Rise or Fall nme - - 25 ns XToscillator 
TosF - - 50 ns LP oscillator 

- - 15 ns HS oscillator 

t Data m "Typ" column is at 5V, 25"C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 

Note 1: Instruction cycle period (Tcv) equals four times the input oscillator time base period. All specified values are based on char
acterization 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 con
sumption. 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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FIGURE 16-2: LOAD CONDITIONS 

Load condition 1 
VDD/2 

Load condition 2 

~RL 
Pin TCL 

~ 
Pin TCL 

vss 
RL=464Q 
CL = 100 pF for and D, E port outputs when 

used as system bus 

50 pF for all pins except OSC2 
but including D, E outputs as ports 

25 pF for OSC2 output 
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FIGURE 16-3: CLKOUT AND UOTIMING 

OSC1 

CLKOUT 
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Note: Refer to Figure 16-2 for load conditions. 
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TABLE 16·3: CLKOUT AND UOTIMING REQUIREMENTS 

Parameter Sym Characteristic Min 
No. 

10 TosH2ckL OSCfito CLKoun- -
11 TosH2ckH OSC1 t to CLKOUTt -
12 TckR CLKOUT rise time -
13 TckF CLKOUT fall time· -
14 TckL2ioV CLKOUT .j. to Port out valid -

Q2 

15 TioV2ckH Port in valid before CLKOUT t 0.25TCY+25 

16 TckH2iol Port in hold after CLKOUT t 0 

17 TosH2ioV OSC1 t (01 cycle) to Port out valid -
18 TosH2iol OSC1t (02 cycle) to Port input invalid TBD 

(1/0 in hold time) 

19 TioV2osH Port input valid to OSC1 t (1/0 in setup TBD 
time) 

20 TioR Port output rise time -
21 TioF Port output fall time -

22tt Tinp INT pin high or low time 20 

23tt Trbp RB<7:4> change INT high or low time 20 

These parameters are characterized but not tested. 

Typt 

15 

15 

5 

5 

-
-
-
-

-

-

10 

10 

-
-

03 

I --..: :-----12 

-:-16 

new value 

Max Units Conditions 

30 ns Note 1 

30 ns Note 1 

15 ns Note 1 

15 ns Note 1 

0.5TCY+20 ns Note1 

- ns Note 1 

- ns Note1 

80-100 ns 

- ns 

- ns 

25 ns 

25 ns 

- 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. 

tt These parameters are asynchronous events not related to any internal clock edge. 
Note 1: Measurements are taken in RC Mode where CLKOUT output is 4 x Tosc 

DS30234A-page 2446 Preliminary © 1995 Microchip Technology Inc. 



PIC16C6X 

FIGURE 16-4: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP 
TIMER TIMING 

VDD 

MCLR 

:-30-; 

·~33~~· ~~~~~~~~~--'-~~~~~~___,,..,.._~~~~~~~~~-

. I 32 . 
PWRT 

Timeout 

·-· .--~~~~~~~~~~~~~~~T-~~~~~~~~~~ 
osc 

Timeout 

Internal 
RESET 

Watchdog 
Timer 

RESET 

1/0 Pins 

Note: Refer to Figure 16-2 for load condmons. 

TABLE 16-4: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP 
TIMER REQUIREMENTS 

Parameter Sym Characteristic Min Typt Max Units Conditions 
No. 

30 Tmcl MCLR Pulse Width (low) 100 - - ns VDD = SV, -40"C to +125"C 

31 Twdt Watchdog Timer Timeout Period 7• 18 33• ms VDD = sv, -40"C to + 12s·c 

(No Prescaler) 

32 Tosi Oscillation Start-up Timer Period 1024 Tosc ms Tosc = osc1 period 

33 Tpwrt Power up Timer Period 28* 72 132* ms Voo = SV, -40"C to +125"C 

34 TIOZ 1/0 High Impedance from MCLR 100 ns 
Low 

These parameters are characterized but not tested. 
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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FIGURE 16-5: · TIMERO AND TIMER1 CLOCK TIMINGS 

RA4fTOCKI I. . \ } 
---~I 11 1 1 
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I I I I I 
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I~ 47 ... 1..--48 _____.i 

TMRX 

Note: Refer to Figure 16-2 for load conditions. 

TABLE 16-5: TIMERO ANDTIMER1 CLOCK REQUIREMENTS 

Parameter Sym Characteristic Min 
No. 

40 TtOH TOCKI High Pulse Width No Prescaler 0.5 Tcv+20• 

With Prescaler 10* 

41 TtOL TOCKI Low Pulse Width No Prescaler 0.5 TCY +20* 

With Prescaler 10* 

42 TtOP TOCKI Period Ic:t..±AQ* 
N 

45 Tt1H T1CKI HighTime Synchronous, No Prescaler 0.5TCY+20 

Synchronous, With Prescaler 10* 

Asynchronous 2TCY 

46 Tt1L T1CKI LowTime Synchronous, No Prescaler 0.5Tcv +20* 

Synchronous, With Prescaler 10* 

Asynchronous 2TCY 

47 Tt1P T1CKI input Synchronous Ic:t..±AQ* 
period N 

Asynchronous 4TCY 

Ft1 Timer1 oscillator input frequency range DC 
(oscillator enabled by setting the T10SCEN bit) 

48 TCKEZ!mr1 Delay from external clock edge to timer increment 2Tosc . These parameters are characterized but not tested. 

Typt Max 

- -
- -
- -
- -
- -

- -
- -
- -
- -
- -
- -
- -

- -
- 200 

- 7Tosc 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

KHz 

-

I 
I 

Conditions 

N = prescale value 
(1, 2, 4, ... , 256) 

N = prescale value 
(1,2,4,8) 

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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FIGURE 16-6: CAPTURE/COMPARE/PWM TIMINGS (CCP1 AND CCP2) 

' 

RC1ff1CKO/CCP2 
and RC2/CCP1 
(Capture Mode) .~-----J,, ' 

'' 
,,~-----

:..__ 50 ------: :....-- 51 
'' '' -·· 

RC1ff1CKO/CCP2 
and RC2/CCP1 

(Compare or 
PWM Mode) 

I 
---~:: 
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Note: Refer to Figure 16-2 for load conditions. 
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\ 
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--..: ~ 54 

TABLE 16-6: CAPTURE/COMPARE/PWM REQUIREMENTS (CCP1 AND CCP2) 

Parameter Sym Characteristic Min Ty pt Max Units Conditions 
No. 

50 Teel CCP1 and CCP2 No Prescaler 0.5 TCY + 20 - - ns 
input low time With Prescaler 10 - - ns 

51 TccH CCP1 and CCP2 No Prescaler 0.5 Tcv + 20 - - ns 

input high time With Prescaler 10 - - ns 

52 TccP CCP1 and CCP2 input period 3TCY + 40* - - ns N = prescale value 
N (1,4, or 16) 

53 TccR CCP1 and CCP2 output rise time - 10 25 ns 

54 TccF CCP1 and CCP2 output 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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FIGURE 16-7: PARALLEL SLAVE PORT TIMING 
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;...- 65 
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---.: :- 63 

Note: Reier to Figure 16-2 for load conditions 

TABLE 16-7: PARALLEL SLAVE PORT REQUIREMENTS 

Parameter Sym Characteristic Min Typt Max Units Conditions 
No. 

62 TdtV2wrH Data in valid before WRt or CSt (setup time) 20 - - ns 

63 TwrH2dtl WRt or est to data-in invalid (hold time) 20 - - ns 

64 Trdl2dtV RTIJ. and csJ. to data-<>ut valid - - 40 ns 

65 TrdH2dtl RDt or CSJ. to data-<>ut 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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FIGURE 16-8: SPI MODE TIMING 
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Note: Refer to Figure 16-2 for load conditions 

TABLE 16-8: SPI MODE i:IEQUIREMENTS 

Parameter Sym Characteristic Min Typt Max Units Conditions 
No. 

70 Tssl2scH, SSJ. to SCKJ. or SCKt input Tcv - - ns 
Tssl2scl 

71 TscH SCK input high time (slave mode) Tcv+ 20 - - ns 

72 Tscl SCK input low time (slave mode) TCY+20 - - ns 

73 TdiV2scH, Setup time of SDI data input to SCK Tcv - - ns 
TdiV2scl e~e 

74 TscH2dil, Hold time of SDI data input to SCK 0.5TCY - - ns 
Tscl2dil edge 

75 TdoR SDO data output rise time - 10 25 ns 

76 TdoF SDO data output fall time - 10 25 ns 

77 TssH2doZ SSJ. to SDO output hi-impedence 10 - 50 ns 

78 TscR SCK output rise time (master mode) - 10 25 ns 

79 TscF SCK output fall time (master mode) - 10 25 ns 

80 TscH2doV, SDO data output valid after SCK - - 50 ns 
Tscl2doV edge 

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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FIGURE 16-9: 12C BUS START/STOP BITS TIMING 
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Condition Condition 

Note: Refer to Figure 16-2 for load conditions 

TABLE 16-9: 12C BUS START/STOP BITS REQUIREMENTS 

Parameter Sym Characteristic Min Typ Max Units Conditions 
No. 

90 Tsu:STA START condition 100KHZmode 4700 - - Only relevant for repeated 
ns 

Setup time 400 KHz mode 600 - - START condition 

91 THD:STA START condition 100KHzmode 4000 - - After this period the first clock 
ns 

Hold time 400KHzmode 600 - - pulse is generated 

92 Tsu:STO STOP condition 100KHZmode 4700 - -
Setup time 400KHzmode 600 

ns - -
93 THD:STO STOP condition 100KHzmode 4000 - -

ns 
Hold time 400KHzmode 600 - -
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FIGURE 16-10: 12C BUS DATA TIMING 
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Note: Refer to Figure 16-2 for load conditions 

TABLE 16-10: 12C BUS DATA REQUIREMENTS 

Parameter Sym Characteristic Min Max Units Conditions 
No. 

100 THIGH Clock high time 100 KHz mode 4.0 - µs PIC16C65 must operate at a 
minimum of 1.5 MHz 

400 KHz mode 0.6 - µs PIC16C65 must operate at a 
minimum of 10 MHz 

SSP Module 1.5TCY -
101 TLOW Clock low time 100KHzmode 4.7 - µs PIC16C65 must operate at a 

minimum of 1.5 MHz 

400 KHz mode 1.3 - µs PIC16C65 must operate at a 
minimum of 10 MHz 

SSP Module 1.5Tcv -
102 TR SDA and SCL rise 100 KHz mode - 1000 ns 

time 400 KHz mode 20+0.1 Cb 300 ns Cb is specified to be from 
10-400 pF 

103 TF SDA and SCL fall time 100KHzmode - 300 ns 

400KHzmode 20+0.1 Cb 300 ns Cb is specified to be from 
10-400 pF 

90 Tsu: STA START condition 100 KHz mode 4.7 - µs Only relevant for repeated 
setup time 400 KHz mode 0.6 - µs START condition 

91 THD:STA START condition hold 100 KHz mode 4.0 - µs After this period the first clock 
time 400KHzmode 0.6 - µs pulse is generated 

106 THD:OAT Data input hold time 100KHzmode 0 - ns 

400KHzmode 0 0.9 µs 

107 Tsu: OAT Data input setup time 100KHzmode 250 - ns Note2 

400KHz mode 100 - ns 

92 Tsu:STO STOP condition setup 100KHz mode 4.7 - µs 
time 400KHz mode 0.6 - µs 

109 TAA Output valid from 100 KHz mode - 3500 ns Note 1 
clock 400 KHz mode - - ns 

110 TBUF Bus free time 100 KHz mode 4.7 - µs 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 m1mmum 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 12C-bus device can be used in a standard-mode 12C-bus system, but the requirement tsu;DAT.2:250ns 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 
does stretch the LOW period of the SCL signal, it must output the next data bit to the SDA line TR 
max.+tsu;DAT =1000+250=1250ns (according to the standard-mode 12C bus specification) before the SCL line is released. 

© 1995 Microchip Technology Inc. Preliminary DS30234A-page 2-453 



PIC16C6X 

FIGURE 16-11: SCI MODULE: SYNCHRONOUS TRANSMISSION (MASTER/SLAVE) TIMING 
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Note: Refer to Figure 16-2 for load conditions 

TABLE 16-11: SERIAL PORT SYNCHRONOUS TRANSMISSION REQUIREMENTS 

Parameter Sym Characteristic Min Typt Max Units Conditions 
No. 

120 tckH2dtV :r!'.t:jQ ~M!I !MASI!;B s'li Sl.A\l!;l 
Clock high to data out valid - - 50 ns 

121 tckrf Clock out rise time and fall time (Master - - 25 ns 
Mode) 

122 tdtrf Data out rise time and fall time - - 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. 

FIGURE 16-12: SCI MODULE: SYNCHRONOUS RECEIVE (MASTER/SLAVE) TIMING 

RA5/TX/CK 
pin---~ . 

125 ;.. ..; 
RA~RX/DT -----~~---;-------------,;.~--------

pin -------'"'----;...----------~'---------

126 

Note: Refer to Figure 16-2 for load conditions 

TABLE 16-12: SERIAL PORT SYNCHRONOUS RECEIVE REQUIREMENTS 

Parameter Sym Characteristic Min Typt Max Units Conditions 
No. 

125 tdtV2ckl SYNQ BQV (MAST!;;B & SI.AV!;) 
Data hold before CK J. (OT hold time) 15 - - ns 

126 tckl2dtl Data hold after CK J. (OT hold time) 15 - - 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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17.0 DC AND AC 
CHARACTERISTICS GRAPHS 
AND TABLES FOR PIC16C65 

NOT AVAILABLE ATTHISTIME 
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NOTES: 
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18.0 ELECTRICAL CHARACTERISTICS FOR PIC16C64 
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 VDD and MCLR) ...................................................... -0.6V to VDD +0.6V 

Voltage on VDD with respect to Vss ............................................................................................................... 0 to +7.5 V 

Voltage on MCLR with respect to Vss (Note 2) ................................................................................................ 0 to +14 V 

Total power Dissipation (Note 1) ............................................................................................................................... 1.0 W 

Maximum Current out of Vss pin ............................................................................................................................ 300mA 

Maximum Current into VDD pin ............................................................................................................................... 250mA 

Input clamp current, llK (Vi<O or Vi> VDD) ........................................................................................................................... :±20mA 

Output clamp current, IOK (VO <0 orVO>VDD) .................................................................................................................... :±20mA 

Maximum Output Current sunk by any 1/0 pin .......................................................................................................... 25mA 

Maximum Output Current sourced by any 1/0 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 

Note 1: Power dissipation is calculated as follows: Pdis = VDD x {IDD - I loH} +I {(VDD-VOH) x IOH} + I;(Vol x loL) 

Note 2: Voltage spikes below Vss at the MCLR pin, inducing currents greater than 80mA, may cause latch-up. Thus, 
a series resistor of 50-100Q should be used when applying a "low'' level to the MCLR pin rather than pulling 
this pin directly to Vss. 

TABLE 18-1: CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS 
AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES) 

OSC PIC16C64-04 

RC Voo: 4.0V to 6.0V 
loo: 5mA Max. at 5.5V 
IPO: 21µA Max. at 4V WOT 

disabled 
Freq: 4MHz Max. 

XT Voo: 4.0V to 6.0V 

HS 

LP 

loo: 5mA Max. at 5.5V 
IPo: 21µA Max. at 4V WOT 

disabled 

Voo: 3.0V to 6.0V 
loo: 48µA Max. at 32 KHz, 3.0V 
IPO: 13.SµA Max. at 3.0V WOT 

disabled 
Freq: 200KHz Max. 

The shaded sections indicate oscillator selections which are tested for functionality, but not for MINIMAX specifica
tions. It is recommended that the user select the device type that guarantees the specifications required. 
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18.1 DC CHARACTERISTICS: PIC16C64-04 (Commercial, Industrial, Automotive) 
PIC16C64-10 (Commercial, Industrial, Automotive) 
PIC16C64-20 (Commercial, Industrial, Automotive) 

Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40'C ::; TA::;+ 125'C for automotive, 

DC CHARACTERISTICS -40'C ::; TA::;+ 85'C for industrial and 
o·c ::; TA::; +70'C for commercial 

Operating voltage VDD = 4.0V to 6.0V 

Characteristic Sym Min Ty pt Max Units Conditions 

Supply Voltage VDD 4.0 - 6.0 v XT, RC and LP osc configuration 
4.5 - 5.5 v HS osc configuration 

RAM Data Retention VDR - 1.5 - v Device in SLEEP mode 
Voltage (Note 1) 

VDD start voltage to VPOR - Vss - v See section on power-on reset for details 
guarantee Power-On Reset 

VDD rise rate to guarantee SVDD 0.05* - - Vims See section on power-on reset for details 
Power-On Reset 

Supply Current (Note 2, 5) IDD - 2.0 3.8 mA XT, RC, osc configuration (PIC16C64-04) 
Fosc = 4 MHz, VDD = 5.5V (Note 4) 

-
52.5 105 µA LP osc configuration (PIC16C64-04) 

Fosc = 32 KHz, VDD = 4.0V, WOT disabled 
-

13.5 30 mA HS osc configuration (PIC16C64-20) 
Fosc = 20 MHz, VDD = 5.5V 

Power Down Current (Note 3, 5) IPD - 10.5 42 µA VDD=4.0V, WOT enabled,-40"C to +85°C 
- 1.5 21 µA VDD=4.0V, WOT disabled,-0°C to +70°C 
- 1.5 24 µA VDD=4.0V, WOT disabled,-40°C to +85°C 

- 1.5 TBD µA VDD=4.0V, WOT disabled,-40°C to +125°C 
- 15* 32* µA LP osc, VDD=2.5V, Sleep Mode, 

TMR1 External Clock=32KHz, Commercial 

- 19* 40* µA LP osc, VDD=2.5V, Sleep Mode, 
TMR1 External Clock=32KHz, Industrial 

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. 
Note 1: This is the limlt 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 con
sumption. 
The test conditions for all I DD measurements in active operation mode are: 
OSC1=external square wave, from rail to rail; all 1/0 pins tristated, pulled to Voo, 
MCCR = 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-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 for
mula Ir= Voo/2Rext (mA) with Rext in kOhm. 

5: Timer1 oscillator (when enabled) adds approximately 20µA to the specification. This value is from characterization and is 
for design guidance only. This is not tested. 
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18.2 DC CHARACTERISTICS: PIC16LC64-04 (Commercial, Industrial, Automotive) 

Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40"C sTA s + 125"C for automotive, 

DC CHARACTERISTICS -40"C s TA s + 85"C for industrial and 
o·c <:;TA<:; +70"C for commercial 

Operating voltage Voo = 3.0V to 6.0V 

Characteristic Sym Min Typt Max Units Conditions 

Supply Voltage VDD 3.0 6.0 v LP osc configuration 
3.0 6.0 v XT, RC osc configuration (DC - 4MHz) 

RAM Data Retention Voltage \/DR 1.5* v Device ir. SLEEP mode 
(Note 1) 

Voo start voltage to guarantee VPOR - Vss - v See section on power-on reset for details 
Power-On Reset 

Voo rise rate to guarantee SVDD 0.05* - - Vims See section on power-on reset for details 
Power-On Reset 

Supply Current (Note 2, 5) IDD - 2.0 3.8 mA XT, RC osc configuration 
Fosc = 4 MHz, Voo = 3.0V (Note 4) 

- 22.5 48 µA LP OSC CONFIGURATION 
Fosc = 32 KHz, VDD = 3.0V, WOT disabled 

Power Down Current (Note 3, 5) IPD - 7.5 30 µA VDD=3.0V, WOT enabled,-40°C to +85°C 
- 0.9 13.5 µA VDD=3.0V, WOT disabled,0°C to +70°C 
- 0.9 18 µA VDD=3.0V, WOT disabled,-40°C to +85°C 
- 0.9 24 µA VDD=3.0V, WOT disabled,-40°C to +125°C 

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. 
Note 1: This is the limit 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 con
sumption. 
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, 
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-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 for
mula Ir= Voo/2Rext (mA) with Rext in kOhm. 

5: Timer1 oscillator (when enabled) adds approximately 20µA to the specification. This value is from characterization and is for 
design guidance only. This is not tested. 
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18.3 DC CHARACTERISTICS: 

DC CHARACTERISTICS 

Characteristic Sym 

Input Low Voltage 

1/0 ports VIL 
with TTL buffer 

with Schmitt Trigger buffer 
MCLR, RA4/TOCKl,OSC1 (in RC 
mode) 
OSC1 (in XT, HS and LP) 

Input High Voltage 

1/0 ports VIH 
with TTL buffer 
with Schmitt Trigger buffer 

MCLR RA4/TOCKI, RC<7:4>, 
RD<7.4>, INT 
RE<2:0>, OSC1 (XT, HS and LP) 
PortB weak pull-up current IPURB 

Input Leakage Current (Notes 2, 3) 
1/0 ports llL 
"fVIC"CR, RA4/TOCKI 

OSC1 

Output Low Voltage 
1/0 ports VOL 

OSC2/CLKOUT 
(RC osc configuration) 

Output High Voltage 

1/0 ports (Note 3) VOH 

OSC2/CLKOUT 

(RC osc configuration) 
Capacitive Loading Specs on Out-
put Pins 

OSC2pin Cosc2 

All 1/0 pins and OSC2 (in RC mode) C10 

SCL, SDA in 12C mode Cb 

PIC16C64-04 (Commercial, Industrial, Automotive) 
PIC16C64-10 (Commercial, Industrial, Automotive) 
PIC16C64-20 (Commercial, Industrial, Automotive) 
PIC16LC64-04 (Commercial, Industrial, Automotive) 
Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40°C 5 TA 5 + 125°C for automotive, 

-40°C 5 TA 5 + 85°C for industrial and 
o·c 5 TA 5 +70°C for commercial 

Operating voltage Voo range as described in DC spec Table 18-1 and 
Table 18-2 

Min Typ Max Units Conditions 

t 

Vss - o.sv v 
Vss - 0.2VDD v 
Vss - 0.2VDD v 

Vss - 0.3VDD v Note1 

-
2.0 - VDD v 4.5V $ VDD $ 5.5V 

0.85VDD - VDD For entire Voo range 

0.85VDD - VDD v 

0.7 VDD - VDD v Note1 
50 200 t400 µA VDD = 5V, VPIN = Vss 

- - ±1 µA Vss 5 VPIN 5 VDD, Pin at hi-impedance 

- - ±5 µA Vss $ VPIN $ VDD 

- - ±5 µA Vss $ VPIN $ VDD, XT, HS and LP osc con 
figuration 

- - 0.6 v loL = 8.5mA, Voo-4.5V, -40°C to +85°C 

- - 0.6 v IOL = 7.0mA, VDD-4.5V, -40°C to +125°C 

- - 0.6 v loL = 1.6mA, Voo-4.5V, -40°C to +85°C 

- - 0.6 v loL = 1.2mA, VDD-4.5V, -40°C to + 125°C 

VDD-0.7 - - v loH = -3.0mA, VDD=4.5V, -40°C to +85°C 
Voo-0.7 - - v IOH = -2.5mA, VDD=4.5V, -40°C to +125°C 
VDD-0.1 - - v loH = -1.3mA, VDD=4.5V, -40°C to +85°C 

VDD-0.7 - - v loH = -1.0mA, VDD=4.5V, -40°C to +125°C 

15 pF In XT, HS and LP modes when external 
clock is used to drive OSC1. 

50 pF 

400 pF .. 
" t Data in Typ column 1s at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 

tested. 
Note1: 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~ pin is strongly dependent on the applied voltage level. The specified levels represent nor

mal operating conditions. Higher leakage current may be measured at different input voltages. 
3: Negative current is defined as coming out of the pin. 
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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:sr (12C specifications only) 
2.TppS 4. Ts (12C specifications only) 

IT F Frequency I T Time 
Lowercase subscripts (pp) and their meanings: 

lpp 
cc CCP1 osc OSC1 

ck CLKOUT rd RD 
cs cs rw RD or WR 
di SDI SC SCK 
do SDO SS SS 
di Data in 10 TOCKI 
io 1/0 port t1 T1CKI 
me ~ wr WR 
Uppercase letters and their meanings: 

s 
F Fall p Period 
H High R Rise 
I Invalid (Hi-impedance) v Valid 
L Low z Hi-impedance 

12Conly 
AA output access High High 
BUF Bus free Low Low 

Tcc:sr (12C specifications only) 
cc 

HD Hold SU Setup 
ST 

DAT DATA input hold STO STOP condition 
STA START condition 
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18.5 Timing Diagrams and Specjficatjons 

FIGURE 18-1: EXTERNAL CLOCKTIMING 

04 01 02 03 04 01 

OSC1 

----------2----------
CLKOUT 

TABLE 18-2: EXTERNAL CLOCK TIMING REQUIREMENTS 

Parameter Sym Characteristic Min Typt Max Units Conditions 
No. 

Fosc External CLKIN Frequency DC - 4 MHz XT and RC osc mode 
(Note 1) DC - 4 MHz HS osc mode (PIC16C64-04, 

PIC16LC64·04) 
DC - 20 MHz HS osc mode (PIC16C64-20) 
DC - 200 KHz LPosc mode 

Oscillator Frequency DC - 4 MHz RCoscmode 
(Note 1) 0.1 - 4 MHz XToscmode 

4 - 4 MHz HS osc mode (PIC16C64-04, 
PIC16LC64-04) 

4 - 10 MHz HS osc mode (PIC16C64-10) 
4 - 20 MHz HS osc mode (PIC16C64-20) 
5 - 2.00 KHz LPoscmode 

1 Tosc External CLKIN Period 250 - - ns XT and RC osc mode 
(Note1) 250 - - ns HS osc mode (PIC16C64-04, 

PIC16LC64-04) 
100 - - ns HS osc mode (PIC16C64-10) 
50 - - ns HS osc mode (PIC16C64·20) 
50 - - µs LPosc mode 

Oscillator Period 250 - - ns RCoscmode 
(Note1) 250 - 10,000 ns XToscmode 

250 - 250 ns HS osc mode (PIC16C64-04, 
PIC16LC64-04) 

100 - 250 ns HS osc mode (PIC16C64-10) 
50 - 1,000 ns HS osc mode (PIC16C64-20) 
5 - - µs LPoscmode 

2 Tcv Instruction Cycle Time (Note 1) 200 - DC ns Tcv = 4/Fosc 
3 Tosl, Clock In (OSC1) High or Low Time 50 - - ns XT oscillator 

TosH 2.5 - - µs LP oscillator 
10 - - ns HS oscillator 

4 TosR, Clock In (OSC1) Rise or Fall Time - - 25 ns XToscillator 
TosF - - 50 ns LP oscillator 

- - 15 ns HS oscillator 
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: Instruction cycle period (Tcv) equals four times the input oscillator time base period. All spec~ied values are based on char

acterization data for that particular oscillator type under standard operating conditions with the device executing code. 
Exceeding these specrried limits may result in an unstable oscillator operation and/or higher than expected current con
sumption. 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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FIGURE 18-2: LOAD CONDITIONS 

Load condition 1 
VDD/2 

~AL 
Pin TCL 

vss 
RL =464Q 

Load condition 2 

~ 
Pin TCL 

vss 

CL= 100 pF for RA<4> and C, D, E port outputs when 
used as system bus 

© 1995 Microchip Technology Inc. 

50 pF for all pins except OSC2 and RA<4> 
but including C, D, E outputs as ports 

25 pF for OSC2 output 

Preliminary 

PIC16C6X 

• 
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FIGURE 18-3: CLKOUT AND l/OTIMING 

OSC1 

CLKOUT 

1/0 Pin 
(input) 

l/OPin 
(output) 

04 

:---: 10 

old value 

01 

-..'. :..- 20, 21 

Note: Refer to Figure 18-2 for load condrtions. 

. 
:19: : ... 1~ 
~ J 

TABLE 18-3: CLKOUT AND 1/0TIMING REQUIREMENTS 

These parame- Sym Characteristic Min 
ters are asyn-

chronous 
events not 

related to any 
internal clock 

edge. 

10 TosH2ckL oscn to CLKOUTJ -
11 TosH2ckH OSC1 t to CLKOUTt -
12 TckR CLKOUT rise time -
13 TckF CLKOUT fall time -
14 TckL2ioV CLKOUT i to Port out valid -

02 

15 TioV2ckH Port in valid before CLKOUT t 0.25 TCY+25 

16 TckH2iol Port in hold after CLKOUT t 0 

17 TosH2ioV OSC1 t (01 cycle) to Port out valid -
18 TosH2iol OSC1 t (02 cycle) to Port input invalid TBD 

(1/0 in hold time) 

19 TioV2osH Port input valid to OSC1 t (1/0 in setup TBD 
time) 

20 TioR Port output rise time -
21 TioF Port output fall time -

22tt Tinp INT pin high or low time 20 

23tt Trbp RB<7:4> change INT high or low time 20 

These parameters are characterized but not tested. 

03 

-. -12 

--:-16 

new value 

Ty pt Max Units Conditions 

15 30 ns Note 1 

15 30 ns Note 1 

5 15 ns Note 1 

5 15 ns Note 1 

- 0.5TCY+20 ns Note 1 

- - ns Note 1 

- - ns Note 1 

- 80-100 ns 

- - ns 

- - ns 

10 25 ns 

10 25 ns 

- - 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. 

tt These parameters are asynchronous events not related to any internal clock edge. 
Note 1: Measurements are taken in RC Mode where CLKOUT output is 4 x Tosc 
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FIGURE 18-4: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP 
TIMER TIMING 

VDD 

MCLR 

h :-.-30----: Internal 
POR 

PWRT 
Timeout 

_Jl~-----,------11,-----
:..._._33----~1-3-2~.~~~~~~~~~~~~~~),'<-~~~~~~~~~ 

·--· ~~~~~~~~~~~~~~~~~~~~~~~~~-osc 
Timeout 

Internal 
RESET 

Watchdog 
Timer 

RESET 

110 Pins 

Note: Refer to Figure 18-2 for load conditions. 

34----+ :.----

TABLE 18-4: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP 
TIMER REQUIREMENTS 

Parameter Sym Characteristic Min Ty pt Max Units Conditions 
No. 

30 Tm cl liilCIJ1 Pulse Width (low) 100 - - ns VDD = 5V, -40'C to +125'C 

31 Twdt Watchdog Timer Timeout Period 7• 18 33• ms VDD = 5V, -40'C to +125'C 

(No Prescaler) 

32 Tost Oscillation Start-up Timer Period 1024 Tosc ms Tosc = OSC1 period 

33 Tpwrt Power up Timer Period 2s· 72 132• ms VDD = 5V, -40'C to +125'C 

34 TIOZ 110 High Impedance from Mern 100 ns 
Low 

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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FIGURE 18-5: TIMERO AND TIMER1 CLOCK TIMINGS 

RA4/TOCKI l \ I ---~I II 11 

1~40-.I ~41-....I 
I I I 

I I.... 42 .-1 
I 
I 
I l \ ;~-

---~I II II 

RCO/T1CKI 

l~45___.I ~46_..., I 
I I I I I 
I I I I... 47 ... 1~48--...i 

TMRX 

Note: Refer to Figure 18-2 for load conditions. 

TABLE 1a:s: TIMERO ANDTIMER1 CLOCK REQUIREMENTS 
Parameter Sym Characteristic Min 

No. 

40 TtOH TOCKI High Pulse Width No Prescaler 0.5 Tcv + 20· 

With Prescaler 10· 

41 TtOL TOCKI Low Pulse Width No Prescaler 0.5 Tcv+20· 

With Prescaler 10· 

42 TtOP TOCKI Period kt...±.1Q* 
N 

45 Tt1H T1CKI High Time Synchronous, No Prescaler 0.5Tcv+20 

Synchronous, With Prescaler 10' 

Asynchronous 2Tcv 

46 Tt1L T1CKI Low Time Synchronous, No Prescaler 0.5Tcv + 20· 

Synchronous, With Prescaler 10· 

Asynchronous 2Tcv 

47 Tt1P T1CKI input Synchronous Tcv + 40* 
period N 

Asynchronous 4 Tcv 

Ft1 Timer1 oscillator input frequency range DC 
(oscillator enabled by setting the T1 OSCEN bit) 

48 TcKEZtmr1 Delay from external clock edge to timer increment 2Tosc . These parameters are characterized but not tested. 

Typt Max 

- -
- -
- -
- -
- -

- -
- -
- -
- -
- -
- -
- -

- -
- 200 

- 7Tosc 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

KHz 

-

I 
I 

Conditions 

N = prescale value 
(1, 2, 4, ... , 256) 

N = prescale value 
(1, 2, 4, 8) 

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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FIGURE 18-6: CAPTURE/COMPARE/PWM TIMINGS (CCP1) 

RC2/CCP1 
(Capture Mode) 

RC2/CCP1 
(Capture Mode) 

I I 

I I 
I 

I I I I 

:._______ 50 ______.: :.------ 51 ______..: : 

52 

\ 
:,~---

-: :-- 54 

I 
---~,: 

53 --.: :.-

Note; Refer to Figure 18-2 for load conditions. 

TABLE 18-6: CAPTURE/COMPARE/PWM REQUIREMENTS (CCP1) 

Parameter Sym Characteristic Min Ty pt Max 
No. 

50 Teel CCP1 No Prescaler o.5 Tcv+ 20 - -
inpU1 low time With Prescaler 10 - -

51 TccH CCP1 No Prescaler 0.5 Tcv +20 - -
inpU1 high time With Prescaler 10 - -

52 TccP CCP1 input period ~· - -

N 

53 TccR CCP1 oU1put rise time - 10 25 

54 TccF CCP1 outpU1 fall time - 10 25 

These parameters are characterized but not tested. 

PIC16C6X 

Units Conditions 

ns 

ns 

ns 

ns 

ns N = prescale value 
(1,4or16) 

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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FIGURE 18-7: PARALLEL SLAVE PORT TIMING 

\~~/ 

REO/RD 

RE1/WR : \__/:, 
---] ~ 65 

':i ~::,______-~ i )>---
~ 62~ l 
I : l 

RD<7:0> --+---<~ 
~ 

----: i..-:63 
Note: Refer to Figure 18-2 for load conditions 

TABLE 18-7: PARALLEL SLAVE PORT REQUIREMENTS 

Parameter Sym Characteristic Min Typt Max Units Conditions 
No. 

62 TdtV2wrH Data in valid before WR"i or ~i (setup time) 20 - - ns 

63 TwrH2dtl WR"i or ~i to data-In invalid (hold time) 20 - - ns 

64 TrdL2dtV mu and ~.j. to data-out valld - - 40 ns 

65 TrdH2dtl RJ:ii or ~.J. 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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FIGURE 18-8: SPI MODE TIMING 
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79-.: ~ 

'' 
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..... : :.._ 78 

PIC16C6X 

r?<-rc-h:~-,.. •r--~------,o y-----T/~--, r----~-~ 
SDO 

.: :+75, 76 

SDI 

~74 
' ' I 73 I 
'4-'-+o 

Note: Refer to Figure 18-2 for load conditions 

TABLE 18-8: SPI MODE REQUIREMENTS 

Parameter Sym Characteristic 
No. 

70 TssL2scH, sst to SCKt or SC Kt input 
TssL2scL 

71 TscH SCK input high time (slave mode) 

72 Tscl SCK input low time (slave mode) 

73 TdiV2scH, Setup time of SDI data input to SCK 
TdiV2scL edge 

74 TscH2diL, Hold time of SDI data input to SCK 
TscL2diL edge 

75 TdoR SDO data output rise time 

76 TdoF SDO data output fall time 

77 TssH2doZ S'SJ, to SDO output hi-impedance 

78 TscR SCK output rise time (master mode) 

79 TscF SCK output fall time (master mode) 

80 TscH2doV, SDO data output valid after SCK 
TscL2doV edge 

~----~~. -I 77 I 

,______,o>------

Min Typt Max Units Conditions 

Tcv - - ns 

Tcv+ 20 - - ns 

Tcv +20 - - ns 

Tcv - - ns 

0.5 Tcv - - ns 

- 10 25 ns 

- 10 25 ns 

10 - 50 ns 

- 10 25 ns 

- 10 25 ns 

- - 50 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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FIGURE 18-9: 12C BUS START/STOP BITS TIMING 

SCL 

SDA 

I 
I 

~"dt" 
:n: I 
I I 
I I 

'----,---/ 

START 
Condition 

Note: Refer to Figure 18-2 for load conditions 

:: 

TABLE 18-9: 12C BUS START/STOP BITS REQUIREMENTS 

Parameter Sym Characteristic Min Typ 
No. 

90 Tsu:sTA START condition 100 KHZ mode 4700 -
Setup time 400 KHz mode 600 -

91 THD:STA START condition 100KHzmode 4000 -
Hold time 400 KHz mode 600 -

92 Tsu:sTo STOP condition 100 KHZ mode 4700 -
Setup time 400 KHz mode 600 -

93 THD:STO STOP condition 100 KHz mode 4000 -
Hold time 400 KHz mode 600 -

DS30234A-page 2-470 Preliminary 
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Max 

-
-
-
-
-
-
-
-

I 

I 

~YC_93-
:1t: ,f I 

I I 

'----,---/ 

STOP 
Condition 

Units Conditions 

ns 
Only relevant for repeated 
START condition 

After this period the first clock 
ns pulse is generated 

ns 

ns 

© 1995 Microchip Technology Inc. 



PIC16C6X 

FIGURE 18-10: 12C BUS DATA TIMING 
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Note: Refer to Figure 18-2 for load conditions 

TABLE 18-10: 12C BUS DATA REQUIREMENTS 

Parameter Sym Characteristic Min Max Units Conditions 
No. 

100 THIGH Clock high time 100KHzmode 4.0 - µs PIC16C64 must operate at a 
minimum of 1.5 MHz 

400 KHz mode 0.6 - µs PIC16C64 must operate at a 
minimum of 10 MHz 

SSPModule 1.5 Tcv -
101 TLOW Clock low time 100 KHz mode 4.7 - µs PIC16C64 must operate at a 

minimum of 1.5 MHz 
400 KHz mode 1.3 - µs PIC16C64 must operate at a 

minimum of 10 MHz 
SSP Module 1.5TCY -

102 TR SDA and SCL rise 100 KHz mode - 1000 ns 
time 400 KHz mode 20+0.1 Cb 300 ns Cb is specified to be from 

10-400 pF 
103 TF SDA and SCL fall time 100KHzmode - 300 ns 

400 KHz mode 20+0.1 Cb 300 ns Cb is specnied to be from 
10-400 pF 

90 Tsu:sTA START condition 100KHzmode 4.7 - µs Only relevant for repeated 
setup time 400 KHz mode 0.6 - µs START condition 

91 THD:STA START condition hold 100 KHz mode 4.0 - µs After this period the first clock 
time 400 KHz mode 0.6 - µs pulse is generated 

106 THD:DAT Data input hold time 100KHzmode 0 - ns 
400 KHz mode 0 0.9 µs 

107 Tsu: DAT Data input setup time 100KHzmode 250 - ns Note2 
400 KHz mode 100 - ns 

92 Tsu:STo STOP condition setup 100KHzmode 4.7 - µs 
time 400 KHz mode 0.6 - µs 

109 TAA Output valid from 100 KHz mode - 3500 ns Note 1 
clock 400KHzmode - - ns 

110 TBUF Bus free time 100KHzmode 4.7 - µs 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. 300 ns) 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;DAT;a50ns 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 SCL signal, It must output the next data bit to the SDA line TR 
max.+tsu;DAT =1000+250=1250ns (according to the standard-mode 12C bus specification) before the SCL line is released. 

© 1995 Microchip Technology Inc. Preliminary DS30234A-page 2-471 

• 



PIC16C6X 

NOTES: 

DS30234A-page 2-472 Preliminary © 1995 Microchip Technology Inc. 



19.0 DC AND AC 
CHARACTERISTICS GRAPHS 
AND TABLES FOR PIC16C64 

NOT AVAILABLE AT THIS TIME 
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20.0 ELECTRICAL CHARACTERISTICS FOR PIC16C61 
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 'fJCLR') ...................................................... -0.6V to VDo +0.6V 

Voltage on Voo with respect to Vss ............................................................................................................... Oto +7.5 V 

Voltage on MCLR with respect to Vss (Note 2) ................................................................................................ 0 to +14 V 

Total power Dissipation (Note 1) ............................................................................................................................ BOOmW 

Maximum Current out of Vss pin ............................................................................................................................ 150mA 

Maximum Current into Voo pin ............................................................................................................................... 100mA 

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 1/0 pin .......................................................................................................... 25mA 

Maximum Output Current sourced by any 1/0 pin ..................................................................................................... 2(JmA 

Maximum Current sunk by PORTA ........................................................................................................................... BOmA 

Maximum Current sourced by PORTA ...................................................................................................................... 50mA 

Maximum Current sunk by PORTB ......................................................................................................................... 150mA 

Maximum Current sourced by PORTB .................................................................................................................... 100mA 

Note 1: Power dissipation is calculated as follows: Pdis = VDo x {loo - :L loH} + :L {(Voo-VoH) x !OH}+ :L(Vol x loL) 

Note 2: Voltage spikes below Vss at the 1VfCCR pin, inducing currents greaterthan BOmA, may cause latch-up. Thus, 
a series resistor of 50-1 oon should be used when applying a "low" level to the 1iifC['R pin rather than pulling 
this pin directly to Vss. 

TABLE 20-1: CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS 
AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES) 

OSC 16C61-04 

RC Voo: 4.0V to 6.0V 
loo: 3.3mA Max. at 5.5V 
IPO: 14µA Max. at 4VWOT dis 
Freq: 4MHz Max. 

XT Voo: 4.0V to 6.0V 
loo: 3.3mA Max. at 5.5V 
IPO: 14µA Max. at 4V WOT dis 

>------ Freq: 4MHz Max. 
HS 

LP Voo: 3.0Vto 6.0V 
loo: 32µA Max. at 32 KHz, 3.0V 
IPO: 9µA Max. at 3.0V WOT dis 
Freq: 200KHz Max. 

The shaded sections indicate oscillator selections which are tested for functionality, but not for MIN/MAX specifica
tions. It is recommended that the user select the device type that guarantees the specifications required. 
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20.1 DC CHARACTERISTICS: 

DC CHARACTERISTICS 

Characteristic S}t_m 

Supply Voltage VDD 

RAM Data Retention VDR 
Voltage (Note 1) 

Voo start voltage to VPOR 
guarantee Power-On Reset 

Voo rise rate to guarantee SVDD 
Power-On Reset 

Supply Current (Note 2) IDD 

Power Down Current (Note 3) IPD 

PIC16C61-04 (Commercial, Industrial, Automotive) 
PIC16C61-20 (Commercial, Industrial, Automotive) 

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 = 4.0V to 6.0V 

Min 1Yltl_ Max Units Conditions 

4.0 - 6.0 v XT, RC and LP osc configuration 
4.5 - 5.5 v HS osc configuration 

- 1.5 - v Device in SLEEP mode 

- Vss - v See section on power-on reset for details 

0.05* - - Vims See section on power-on reset for details 

- 1.8 3.3 mA Fosc = 4 MHz, VDD = 5.5V (Note 4) 

- 35 70 µA LP osc configuration (PIC16LC61-04) 
Fosc = 32 KHz, Voo = 4.0V, WOT disabled 

- 13.5 30 mA HS osc configuration (PIC16C61-20) 
Fosc = 20 MHz, VDD = 5.5V 

- 7 28 µA VDD=4.0V, WOT enabled,-40"C to +85°C 
- 1.0 14 µA Voo=4.0V, WOT disabled,-0°C to +70°C 
- 1.0 16 µA voo=4.0V, WOT disabled,-40°C to +85°C 
- 1.0 20 µA VDD=4.0V, WOT disabled,-40°C to +125°C 

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. 
Note 1: This is the limit 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 con
sumption. 
The test conditions for all I DD measurements in active operation mode are: 
OSC 1 =external square wave, from rail to rail; all 1/0 pins tristated, pulled to Voo, 
MCrn = 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 for
mula Ir= Voo/2Rext (mA) with Rext in kOhm. 
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20.2 DC CHARACTERISTICS: PIC16LC61·04 (Commercial, Industrial, Automotive) 

Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40'C ~TA~+ 125'C for automotive, 

DC CHARACTERISTICS -40'C ~TA~+ 85'C for industrial and 
o·c ~TA~ +70'C for commercial 

Operating voltage Voo = 3.0V to 6.0V 

Characteristic Sym Min Typt Max Units Conditions 

Supply Voltage VDD 3.0 - 6.0 v XT, RC, and LP osc configuration 

RAM Data Retention Voltage VDR - 1.5 - v Device in SLEEP mode 
(Note 1) 

Voo start voltage to guarantee VPOR - Vss - v See section on power-on reset for details 
Power-On Reset 

Voo rise rate to guarantee SVDD 0.05* - - Vims See section on power-on reset for details 
Power-On Reset 

Supply Current (Note 2) IDD - 1.4 2.5 mA Fosc = 4 MHz, VDD = 3.0V (Note 4) 

- 15 32 µA Fosc = 32 KHz, VDD = 3.0V, WOT disabled 
(Note 5) 

Power Down Current (Note 3) IPD - 5 20 µA Voo=3.0V, WOT enabled,-40°C to +85°C 
- 0.6 9 µA VDD=3.0V, WOT disabled,0°C to +70°C 
- 0.6 12 µA Voo=3.0V, WOT disabled,-40°C to +85°C 
- 0.6 16 µA VDD=3.0V, WOT disabled,-40°C to +125°C 

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. 
Note 1: This is the limit 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 con
sumption. 
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 VDD, 
1ii1aJi = 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-impedence state and tied to Voo and Vss. 

4: XT, RC OSC configuration. 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: LP OSC configuration. 
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20.3 DC CHARACTERISTICS: 

DC CHARACTERISTICS 

Characteristic Sym 

Input Low Voltage 
1/0 ports VIL 

with TIL buffer 
with Schmitt Trigger buffer 

MCLR, RA4/TOCKl,OSC1 (in RC 
mode) 
OSC1 (in XT, HS and LP) 
Input High Voltage 
1/0 ports VIH 

with TIL buffer 

with Schmitt Trigger buffer 
MCLR RA4/TOCKI 
OSC1 (XT, HS and LP) 
PortB weak pull-up current IPURB 
Input Leakage Current (Notes 2, 3) 
1/0 ports llL 
MCLR, RA4/TOCKI 
OSC1 

Output Low Voltage 
1/0 ports VOL 

OSC2/CLKOUT 
(RC osc configuration) 
Output High Voltage 
1/0 ports (Note 3) VOH 

OSC2/CLKOUT 
(RC osc configuration) 
Capacitive Loading Specs on Out-
put Pins 
OSC2pin Cosc2 

All 1/0 pins and OSC2 (in RC mode) Clo 

PIC16C61-04 (Commercial, Industrial, Automotive) 
PIC16C61-20 (Commercial, Industrial, Automotive) 
PIC16LC61-04 (Commercial, Industrial, Automotive) 
Standard Operating Conditions (unless otherwise stated) 
Operating temperature -4o·c s TA s + 125°C for automotive, 

-40°c :>TA:> + 85°C for industrial and 
o·c s TA s +70°C for commercial 

Operating voltage Voo range as described in DC spec Table 20-1 and 
Table 20-2 

Min Ty~ Max Units Conditions 

t 

Vss - o.0v v 
Vss - 0.2VDD v 
Vss - 0.2VDD v 

Vss - 0.3VDD v Note1 

-
0.36VDD - VDD v 4.5V :> VDD :> 5.5V 
0.45VDD - VDD For entire Voo range 
0.85 VDD - VDD v For entire Voo range 
0.85 VDD - VDD v 
0.7VDD - VDD v Note1 

50 2501 t400 µA VDD = 5V, VPIN = Vss 

- - ±1 µA Vss s VPIN :> Voo, Pin at hi-impedance 

- - ±5 µA Vss $ VPIN $ VDD 
- - ±5 µA Vss $ VPIN $ VDD, XT, HS and LP osc con 

figuration 

- - 0.6 v loL = 8.5mA, Voo-4.5V, -40°C to +85°C 

- - 0.6 v IOL = 7.0mA, VDD-4.5V, -40°C to +125°C 

- - 0.6 v loL = 1.6mA, voo-4.5V, -40°C to +85°C 

- - 0.6 v IOL = 1.2mA, VDD-4.5V, -40°C to + 125°C 

Voo-0.7 - - v loH = -3.0mA, VDD=4.5V, -40°C to +85°C 
Voo-0.7 - - v IOH = -2.5mA, VDD=4.5V, -40°C to +125°C 
Voo-0.7 - - v loH = -1.3mA, VDD=4.5V, -40°C to +85°C 
Voo-0.7 - - v loH = -1.0mA, VDD=4.5V, -40°C to + 125°C 

15 pF In XT, HS and LP modes when external 
clock is used to drive OSC1. 

50 pF 
t Data in "Typ" column 1s at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 

tested. 
Note 1: In RC oscillator configuration, the OSC1 pin is a Schmitt trigger input. It is not recommended that the PIC16C61 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 nor

mal operating conditions. Higher leakage current may be measured at different input voltages. 
3: Negative current is defined as coming out of the pin. 
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20.4 Timing Parameter Symbology 

The timing parameter symbols have been created following one of the following formats: 

1. TppS2ppS 3. Tcc:ST (J2c specifications only) 

2.TppS 4. Ts (J2C specifications only) 

IT F Frequency I T Time 

Lowercase subscripts (pp) and their meanings: 

pp 
cc CCP1 osc OSC1 

ck CLKOUT rd RD 

cs cs rw RD or WR 

di SDI SC SCK 

do SDO SS SS 
dt Data in to TOCK! 

io 1/0 port t1 T1CKI 

me MCLR wr WR 

Uppercase letters and their meanings: 

s 
F Fall p Period 

H High R Rise 

Invalid (Hi-impedance) v Valid 

L Low z Hi-impedance 

12C only 

AA output access High High 

BUF Bus free Low Low 

Tcc:sr (J2C specifications only) 

cc 
HD Hold SU Setup 

ST 
DAT DATA input hold STO STOP condition 

STA START condition 

© 1995 Microchip Technology Inc. DS30234A-page 2-479 



PIC16C6X 

20.5 Timing Diagrams and Specifications 

FIGURE 20-1: EXTERNAL CLOCKTIMING 

04 01 02 03 04 01 

OSC1 

:-1-----: 
2 ----------~ 

CLKOUT 

TABLE 20·2: EXTERNAL CLOCK TIMING REQUIREMENTS 

Parameter Sym Characteristic Min Typt Max Units Conditions 
No. 

Fos External CLKIN Frequency DC - 4 MHz XT and RC osc mode 
(Note1) DC - 4 MHz HS osc mode (PIC16C61-04, 

PIC16C61-04) 

DC - 20 MHz HS osc mode (PIC16C61-20) 

DC - 200 KHz LP osc mode 

Oscillator Frequency DC - 4 MHz RC oscmode 
(Note 1) 0.1 - 4 MHz XTosc mode 

1 - 4 MHz HS osc mode (PIC16C61-04, 

PIC16C61·04) 

1 - 20 MHz HS osc mode (PIC16C61-20) 

1 Tosc External CLKIN Period 250 - - ns XT and RC osc mode 
(Note 1) 250 - - ns HS osc mode (PIC16C61-04, 

PIC16C61-04) 

50 - - ns HS osc mode (PIC16C61-20) 

50 - - µs LP osc mode 

Oscillator Period 250 - - ns RC oscmode 
(Note1) 250 - 10,000 ns XTosc mode 

250 - 1,000 ns HS osc mode (PIC16C61-04, 

PIC16C61-04) 

50 - 1,000 ns HS osc mode (PIC16C61-20) 

5 - - µs LPoscmode 

2 Tcv Instruction Cycle Time (Note 1) 1.0 4/Fosc DC µs 
3 TosL, Clock in (OSC1) High or Low Time 50 - - ns XToscillator 

TosH 2.5 - - µs LP oscillator 

10 - - ns HS oscillator 

4 TosR, Clock in (OSC1) Rise or Fall Time 25 - - ns XToscillator 
TosF 50 - - ns LP oscillator 

15 - - ns HS oscillator 

t Data 1n "Typ" column 1s at 5V, 25"C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 

Note 1: Instruction cycle period (Tcv) equals four times the input oscillator time base period. All specified values are based on char
acterization 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 con
sumption. 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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FIGURE 20-2: LOAD CONDITIONS 

Load condition 1 

VDD/2 

~RL 
-- -- L;L 

Pin T 
Vss 

RL = 464n 

CL = 50 pF for all pins except OSC2 
25 pF for OSC2 output 

PIC16C6X 

Load condition 2 

~C-L 
Pin T 

Vss 
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FIGURE 20-3: CLKOUT AND l/OTIMING 

04 01 02 03 

\ I \ I \ ~! \~. 

CLKOUT 

l/OPin 
(input) 

l/OPin 
(output) 

old value 

:---: 10 

i_..,.• ,..,._ 13 

:-:14 

--: :-- 20, 21 

;19: :--1s-i 
~I 

Note: Refer to Figure 20-2 for load conditions. 

TABLE 20-3: CLKOUT AND l/OTIMING REQUIREMENTS 

Parameter Sym Characteristic Min 
No. 

10 TosH2ckL OSCITto CLKOUfT -
11 TosH2ckH OSC1 t to CLKOUTI -
12 TckR CLKOUT rise time -
13 TckF CLKOUT fall time -
14 TckL2ioV CLKOUT-!. to Port out valid -
15 TioV2ckH Port in valid before CLKOUT t 0.25 TCY+30 

16 TckH2iol Port in hold after CLKOUT t 0 

17 TosH2ioV OSC1 t (01 cycle) to Port out valid -
18 TosH2iol OSC1t (02 cycle) to Port input invalid TBD 

(1/0 in hold time) 

19 TioV2osH Port input valid to osc1t (1/0 in setup TBD 
time) 

20 TioR Port output rise time -
21 TioF Port output fall time -

22tt Tinp INT pin high or low time 20 

23tt Trbp RB<7:4> change INT high or low time 20 

These parameters are characterized but not tested. 

Ty pt 

15 

15 

5 

5 

-
-
-
-
-

-

10 

10 

-
-

' 11 . : .......... : 

Max 

30 

30 

15 

15 

0.5Tcv+20 

-
-

BO - 100 

-

-

25 

25 

-
-

new value 

Units Conditions 

ns Note 1 

ns Note 1 

ns Note 1 

ns Note 1 

ns Note 1 

ns Note 1 

ns Note 1 

ns 

ns 

ns 

ns 

ns 

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. 

tt These parameters are asynchronous events not related to any internal clock edges. 
Note 1: Measurements are taken in RC Mode where CLKOUT output is 4 x Tosc 
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FIGURE 20-4: RESET, WATCHDOG TIMER, OSCILLATOR START-UPTIMER AND POWER-UP 
TIMER TIMING 

Voo 

MCLR 

Internal 
POR 

_fl' :..._30~ 

---------------
PWRT 

Timeout 

,,.__33~· I 

' lr----3-2-.--------'---------')·'>----------~ 

osc 
Timeout 

·----r' -------~-------',S-··----------

Internal 
RESET 

Watchdog ----------------~---~---". 
Timer 

RESET 

1/0 Pins 

Note: Refer to Figure 20-2 for load conditions. 

34___., ~ 

TABLE 20-4: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP 
TIMER REQUIREMENTS 

Parameter Sym Characteristic Min Typt Max Units Conditions 
No. 

30 Tm cl 'MCrn Pulse Width (low) 200 - - ns VDD = 5V, -40'C to +125'C 

31 Twdt Watchdog Timer Timeout Period 7• 18 33• ms VDD = 5V, -40'C to +125'C 

(No Prescaler) 

32 Tost Oscillation Start-up Timer Period 1024 Tosc ms Tosc = OSC1 period 

33 Tpwrt Power up Tim er Period 28* 72 132* ms VDD = 5V, -40'Cto +125'C 

34 T1oz 1/0 High Impedance from MCLR 100 ns 
Low 

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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FIGURE 20-5: TIMERO CLOCK TIMINGS 

/, \ } 
___ ___, I I I I I 

RA4/TOCKI 

1~40-....I ~41~1 
I I I I I 
! . I.... 42 ... I 

I 

TMRO 

Note: Refer to Figure 20-2 for load conditions. 

TABLE 20-5: TIMERO ANDTIMER1 CLOCK REQUIREMENTS 

Parameter Sym Characteristic Min Typt Max Units Conditions 
No. 

40 TtOH TOCKI High Pulse Width No Prescaler 0.5 TCY + 20• - - ns 

With Prescaler 10· - - ns 

41 TtOL TOCKI Low Pulse Width No Prescaler o.s Tcv + 20· - - ns 

With Prescaler 10· - - ns 

42 TIOP TOCKI Period ~· - - ns N = prescale value 
N (2, 4, ... , 256) 

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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21.0 DC AND AC 
CHARACTERISTICS GRAPHS 
AND TABLES FOR PIC16C61 

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 VDo 
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 s is standard devi
ation. 

FIGURE 21-1: TYPICAL RC OSCILLATOR 
FREQUENCY vs 
TEMPERATURE 

Fosc 
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FIGURE 21-2: TYPICAL RC OSCILLATOR 
FREQUENCY vs Voo 
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FIGURE 21-3: TYPICAL RC OSCILLATOR 
FREQUENCY vs VDD 
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FIGURE 21-4: TYPICAL RC OSCILLATOR 
FREQUENCY vs Voo 
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FIGURE 21-5: TYPICAL IPD vs Voo 
WATCHDOG TIMER 
DISABLED 25°C 
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TABLE 21-1: RC OSCILLATOR 
FREQUENCIES 

Cext Rext 
Average 

Fosc @ sv, 25°C 

20pf 4.7K 4.52 MHz ±17.35% 
10k 2.47 MHz ±10.10% 
100k 290.86 KHz ±11.90% 

100pf 3.3k 1.92 MHz ±9.43% 
4.7k 1.48 MHz ±9.83% 
10k 788.77 KHz ±10.92% 
100k 88.11 KHz ±16.03% 

300pf 3.3k 726.89 KHz ±10.97% 
4.7k 573.95 KHz ±10.14% 
10k 307.31 KHz ±10.43% 
100k 33.82 KHz ±11.24% 

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 21-6: TYPICAL IPD vs VDD 
WATCHDOG TIMER 
ENABLED 25°C 
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FIGURE 21-7: MAXIMUM IPD vs VDD 
WATCHDOG DISABLED 

3.0 35 4.0 4.5 5.0 55 6.0 
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PIC16C6X 

FIGURE 21-8: MAXIMUM IPD vs VDD 
WATCHDOG ENABLED* 

15 _.,,.2J o·c 
f-"_.... / 70"C 

-:::::--- 85'C 
10 v ,' /....--j - ,. 
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*lpd, with watchdog timer enabled, has two compo
nents: 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 21-9: VTH (INPUT THRESHOLD VOLTAGE) OF 1/0 PINS vs Voo 

VTH (Input threshold voltage) of 1/0 

2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 
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FIGURE 21-10: VIH, VIL OF MCLR, TOCKI AND OSC1 (IN RC MODE) vs Voo 
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Note: These input pins have Schmitt trigger input buffer. 

FIGURE 21-11: VTH (INPUT THRESHOLD VOLTAGE) OF OSC1 INPUT (IN XT, HS, AND LP MODES) 
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FIGURE 21-12: TYPICAL loo vs FREQ (EXT CLOCK, 25°C) 
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FIGURE 21-13: MAXIMUM, loo VS FREQ (EXT CLOCK, -40° TO +85°C) 

10000000 1E+08 

~ 
o.ooo

1 ~~~~~~ll~~~~ll~§~~ill~!l!ll = z :..c.z :.£ 

t-a.o ~!::::~ ~ 
I- 5.0 I _...i.-:::;;..?" 
I- 4.o-F~-:71~94-l+tl+--+--++-l'-+lf+Hl-----11-HH-++1H+---+-+-+H-++H 
3.0~ 

0.00001 ~-~...._~~ ........... -~___.~__._,'-'-'-"-'-----'-~--'-'--'-...._..~___._..__.~"--'-'~ 
10000 

© 1995 Microchip Technology Inc. 

100000 1000000 
Freq. (Hz) 

10000000 100000000 

DS30234A-page 2-489 



PIC16C6X 

FIGURE 21-14: MAXIMUM loo vs FREQ WITH /JJD OFF (J;:XT CLOCK,-55° TO +125°C) 
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FIGURE 21-15: WDTTIMERTIME-OUT 
PERIOD vs Voo 
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FIGURE 21-16: TRANSCONDUCTANCE (GM) 
OF HS OSCILLATOR vsVoo 
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FIGURE 21-17: TRANSCONDUCTANCE (GM) 
OF LP OSCILLATOR vsVoo 
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FIGURE 21-18: TRANSCONDUCTANCE (GM) 
OF XT OSCILLATOR vs Voo 
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FIGURE 21-19: IOH vsVoH, VDD = 3V 
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TABLE 21-2: INPUT CAPACITANCE* 

Pin Name Typical Capacitance (pF) 

18L PDIP 18LSOIC 

RA port 5.0 4.3 

RB port 5.0 4.3 

'fVfC[R 17.0 17.0 

OSC1/CLKIN 4.0 3.5 

OSC2/CLKOUT 4.3 3.5 

TOCKI 3.2 2.8 

*All capacitance values are typical at 25°C. A part to 
part variation of ±25% (three standard deviations) 
should be taken into account. 
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22.0 PACKAGING INFORMATION 

For Package Dimensions, please refer to the Packaging Section of the 
Data Book. 
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22.1 Package Marking Information 

18-Lead PDIP 

MMMMMMMMMMMMM Do xxxxxxxxxxxxxxxx 
~ AABBCDE 

18-Lead SOIC 

MMMMMMMMMM 
xxxxxxxxxxxx 
xxxxxxxxxxxx 
o~AABBCDE 

18-Lead CERDIP Windowed 

D MMMMMM p ~ xxxxxxxx 
AABBCDE 

40-Lead PDIP 

MMMMMMMMMMMMMM 

D xxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxx 
l!f\. AABBCDE 

Q ·~· MICROCHIP 

Legend: MM ... M 
xx ... x 
AA 
BB 
c 

0 

Example 

PIC16C61-04/P 

Do . 
~ 9450CBA 

Example 

PIC16C61 
-20/50 

O ~ 9449CBA 

Example 

Example 

PIC16C61 
/JW 
9440CBT 

PIC16C65-04/P 

D - 9510CAA 
Q ~ MICROCHIP 

Microchip part number information 
Customer specific information* 
Year code (last 2 digits of calender year) 
Week code (week of January 1 is week '01 ') 

0 

Facility code of the plant at which wafer is manufactured. 
C = Chandler, Arizona, U.S.A. 
S =Tempe, Arizona, U.S.A. 
Mask revision number for microcontroller 
Mask revision number for EEPROM 
Assembly code of the plant or country of origin in which 
part was assembled. 

Note: In the event the full Microchip part number cannot 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 included in OTP price. 
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Package Marking Information (Cont'd) 

40-Lead CERDIP Windowed Example 

MMMMMMMMM PIC16C65/JW 

D ""' 0 xxxxxxxxxxx 
·~· xxxxxxxxxxx 

McRocHIP AABBCDE 
D~O 

44-Lead PLCC 

~ 
Mlc:IOOCHIP 

MMMMMMMM 
0 xxxxxxxxxx 

xxxxxxxxxx 
AABBCDE 

44-Lead MOFP 

0 

~ 
MMMMMMMM 
xxxxxxxx:xx 
xxxxxxxxxx 

AABBCDE 

Legend: MM ... M 
xx ... x 
AA 
BB 
c 

9450CAT 

Example 

~ 
Mlc:llOGCH ... 

PIC16C64 
0 -20/L 

9442CAN 

Example 

~ 
PICI6C64 
-04/PQ 

0 9444CAP 

Microchip part number information 
Customer specific information* 
Year code (last 2 digits of calender 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. 
S =Tempe, Arizona, U.S.A. 
Mask revision number for microcontroller 
Assembly code of the plant or country of origin in which 
part was assembled. 

Note: In the event the full Microchip part number cannot 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 included in OTP price. 
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NOTES: 
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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 (4K now as opposed to 512 before) and 
register file (192 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 compati
bility with PIC16C5x. 

5. OPTION and TRIS registers are made address
able. 

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. Reg
isters are reset differently. 

10. Wake up from SLEEP through interrupt is 
added. 

11. Two separate timers oscillator start-up timer 
(OSD and power-up timer (PWRD are included 
for more reliable power-up. These timers are 
invoked selectively 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 (RA4ffOCKI) now. 

14. FSR is made a full eight bit register. 

15. "In system programming" is made possible. The 
user can program PIC16CXXdevices using only 
five pins: Voo, Vss, VPP, 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 pro
tected, while the remainder is unprotected. 

© 1995 Microchip Technology Inc. 
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APPENDIX B: COMPATIBILITY 
To convert code written for PIC16C5X to PIC16CXX, 
the user should take the following steps: 

1. Remove any program memory page select oper
ations (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. 
Redefine 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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APPENDIX C: WHAT'S NEW 
The format of this data sheet has been changed to be 
consistent with other product families. This ensures that 
important topics are covered across all PIC16/17 fami
lies. Here is an overview list of new features: 

• Data Sheet Structure I Outline 

DS30234A-page 2-498 

APPENDIX D: WHAT'S CHANGED 
To make software more portable across the different 
PIC16/17 families, the name of several registers and 
control bits have been changed. This is so that control 
bits that do the ·same function, have the same name 
(regardless of processor family). Care must still be 
taken, since they may not be in the same special func
tion register. The following shows the register and bit 
names that have been changed: 

REGISTER NAME CHANGES - BIT NAME 
CHANGES 

OLD NAME NEW NAME 

RTE TOSE 

RTS TOCS 

i1lf\Js'Y'Nc TiSYNC 

© 1995 Microchip Technology Inc. 
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55 140-pin DIP, 44-pin PLCC, 44-pin QFP 

25 I 4K I 454 ITMRO,TMR1, I 2 I 2 I Yes I Yes I 11 I 33 I 2.5-6.0 I 58 140-pin DIP, 44-pin PLCC, 44-pin QFP 
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25 I BK I 454 ITMRO,TMR1, I 2 I 2 I Yes I Yes I 11 I 33 I 2.5-6.0 I 58 140-pin DIP, 44-pin PLCC, 44-pin QFP 
TMR2,TMR3 

• Please contact your local sales office for availability of these devices. 
Note 1: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high 1/0 

current capability. 
2: The PIC16CXX Timer1 has its own oscillator circuit and can operate asynchronously to the device. Timer1 can increment while the 
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3: PORTB has software-configurable weak pull-ups. 
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Peripherals Features 
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PIC16C61 20-nxTH=-1-35--1-= rrMR<f -·· 1-=r-=· -r=-1-.::...-1-=-1--1---s11:rr3:0:6.0T - 118-pin DIP, 18-pin SOIC 

PIC16C62' 20 I 2K I - I 128 I - ITMRO_, I 2 I SPl/12C I - I - I - I - I 10 I 22 I 2.5-6.0 I - 128-pin SDIP, 28-pin SOIC 

PIC16C63' 20 4K 

PIC16C64 20 2K 

PIC16C65 20 4K 

PIC16C620'I 20 512 

PIC16C621'1 20 1K 

PIC16C622 I 20 2K 

PIC16C71 I 20 1K 

PIC16C73 20 4K 

PIC16C74 20 4K 

PIC16C84 10 1K 

192 

128 

192 

80 

80 

128 

36 

192 

192 

36 

TMR1, TMR2 

- •TMRO, 
TMR1, TMR2 

- •TMRO, 
TMR1, TMR2 

- •TMRO, 
TMR1, TMR2 

- •TMRO 

- •TMRO 

- •TMRO 

- •TMRO 

- •TMRO, 
TMR1, TMR2 

- •TMRO, 
TMR1, TMR2 

64 ITMRO 

2 ISPl!l2C/• -
SCI 

1 I SP1;12c I Yes 

2 ISPl!l2C/I Yes 
SCI 

2 ISPl/12C/• -
SCI 

4 ch 

5 ch 

2 I SPl!l2C/I Yes I 8 ch 
SCI 

• Please contact your local sales office for availability of these devices. 

10 22 3.0-6.0 - •28-pin SDIP, 28-pin SOIC 

8 33 3.0-6.0 - •40-pin DIP, 44-pin PLCC, 44-pin QFP 

11 33 3.0-6.0 - •40-pin DIP, 44-pin PLCC, 44-pin QFP 

2 Yes 4 13 3.0-6.0 Yes 118-pin DIP, 18-pin SOIC, 20-pin SSOP 

2 Yes 4 13 3.0-6.0 Yes 118-pin DIP, 18-pin SOJC, 20-pin SSOP 

2 Yes 4 13 3.0-6.0 Yes 118-pin DIP, 18-pin SOIC, 20-pin SS_OP 

4 13 3.0-6.0 - •18-pin DIP, 18-pin SOIC 

11 22 3.0-6.0 - •28-pin SDIP, 28-pin SOIC 

12 33 3.0-6.0 - •40-pin DIP, 44-pin PLCC, 44-pin QFP 

4 13 I 2.0-6.0 - • 18-pin DIP, 18-pin SOIC 

Note 1: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high 1/0 current capability. 
2: The PIC16CXX Timer1 has its own oscillator circuit and can operate asynchronously to the device. Timer1 can increment while the device is in SLEEP mode. 

This allows a Real Time Clock to be implemented. 
3: PORTS has software-configurable weak pull-ups. 

~ 
m 
r 
m 
m 
~ 

.,, 
0 ... 
~ 
>< >< 
;! 
s: 
~ 
0 ,, 
c 
~ 
0 
m 
(/) 

""CJ -0 ..... 
0) 

0 
0) 

>< 



@ 

~ 
Ul 

s:: 
~-
::T 
"5" 

~ 
::T 
::> 
Q. 
0 

(Q 

'< 
5" 
r 

0 

~ w ... 
=!> 

~ 
<D 
I\) 

~ 

PIC16C54 20 512 - 25 TMRO 12 2.5-6.25 33 18-pin DIP, 18-pin SOIC, 20 pin SSOP 

PIC16C54A 20 512 - 25 TMRO 12 2.5-6.25 33 18-pin DIP, 18-pin SOIC, 20 pin SSOP 

PIC16CR54 20 - 512 25 TMRO 12 2.0-6.25 33 18-pin DIP, 18-pin SOIC, 20 pin SSOP 

PIC16C55 20 512 - 25 TMRO 20 2.5-6.25 33 28-pin DIP, 28-pin SOIC, 28 pin SSOP 

PIC16C56 20 1K - 25 TMRO 12 2.5-6.25 33 18-pin DIP, 18-pin SOIC, 20-pin SSOP 

PIC16C57 20 2K - 72 TMRO 20 2.5-6.25 33 28-pin DIP, 28-pin SOIC, 28 pin SSOP 

PIC16CR57A 20 - 2K 72 TMRO 20 2.0-6.25 33 28-pin DIP, 28-pin SOIC, 28 pin SSOP 

PIC16C58A 20 2K - 73 TMRO 12 2.5-6.25 33 18-pin DIP, 18-pin SOIC, 20 pin SSOP 

PIC16CR58A 20 - 2K 73 TMRO 12 2.0-6.25 33 18-pin DIP, 18-pin SOIC, 20 pin SSOP 

Note: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high 1/0 current 
capability. 
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E.1 Pin Compatibility 

Devices that have the same package type and VDo, Vss and MCLR pin locations are said to be pin compatible. This 
allows these different devices to operate in the same socket. Compatible devices may only requires minor software mod
ification to allow proper operation in the application socket (ex., PIC16C56 and PIC16C61 devices). Not all devices in 
the same package size are pin compatible; for example, the PIC16C62 is compatible with the PIC16C63, but not the 
PIC16C55. 

Pin compatibility does not mean that the devices offer the same features. As an example, the PIC16C54 is pin compat
ible with the PIC16C71, but does not have an AID converter, weak pull-ups on PORTB, or interrupts. 

TABLEE-4: PIN COMPATIBILE DEVICES 

Pin Compatible Devices Package 

PIC16C61, 18 pin 
PIC16C620, PIC16C621, PIC16C622, (20 pin) 
PIC16C71, PIC16C84, 
PIC16C54, PIC16C54A, PIC16CR54, 
PIC16C56, PIC16C58A, PIC16CR58A 

PIC16C62, PIC16C63, PIC16C73 28 pin 

PIC16C55, PIC16C57, PIC16CR57A 28 pin 

PIC17C42, PIC17C43, PIC17C44 40pin 

PIC16C64, PIC16C65, PIC16C7 4 40pin 
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ALU ............................................................................... 2-313 
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Assembler .................................................................... 2-438 

B 
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Baud Rate Formula.. . ................ 2-392 
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BF .................................................................................. 2-385 
Block Diagram 

Capture ................................................................. 2-370 
Compare .............................................................. 2-370 
Interrupt Logic ..................................................... 2-417 
On-chip Reset Circuit... ...................................... 2-410 
PIC16C74 ............................................................ 2-314 
PORTC ................................................................. 2-347 
PORTO (In 1/0 Port Mode) ............................... 2-348 
PORTO and PORTE as a Parallel Slave 
Port ........................................................................ 2-352 
PORTE (In 1/0 Port Mode) ................................ 2-349 
RA and RA Port Pins ......................................... 2-343 
RA4 Pin ................................................................ 2-343 
RB Port Pins ........................................................ 2-345 
RB Port Pins ........................................................ 2-345 
SCI Receive ......................................................... 2-398 
SCI Transmit ....................................................... 2-396 
Simplified PWM .................................................. 2-371 
SSP (12C Mode) .................................................. 2-384 
SSP (SPI Mode) ................................................. 2-377 
TIMER0 ................................................................ 2-357 
TIMER2 ................................................................ 2-367 
TMRO/WDT Prescaler ........................................ 2-360 
TMRl .................................................................... 2-364 
Watchdog Timer ................................................. 2-420 

BAG .............................................................................. 2-393 
BRGH ................................................................ 2-392, 2-393 
Brown-out Protection Circuit... .................................. 2-415 

c 
C Compiler (MP-C) .......................................... 2-435, 2-438 
Capacitor Selection For The Timer1 Oscillator ..... 2-365 
Capture 

Capture Mode ..................................................... 2-369 
CCP1CON ........................................................... 2-369 
CCPllF ................................................................. 2-369 
CCPR1 ................................................................. 2-369 
CCPR1H 

CCPR1 L ....................................................... 2-369 
Prescaler .............................................................. 2-370 

Capture/Compare/PWM/Module 
Capture/Compare/PWM Module ...................... 2-369 
CCP1 and CCP2 Overview ............................... 2-355 
CCP1CON ................................................ 2-326, 2-412 
CCP2CON ................................................ 2-326, 2-412 
CCPR1H ................................................... 2-326, 2-412 
CCPRlL .................................................... 2-326, 2-412 
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CCPR2H ................................................... 2-326, 2-412 
CCPR2L. ................................................... 2-326, 2-412 

Carry ............................................................................. 2-313 
CLKIN ..................................................... 2-317, 2-319, 2-321 
CLKOUT ................................................ 2-317, 2-319, 2-321 
Clocking Scheme ....................................................... 2-322 
Code Protection .......................................................... 2-422 
Code protection .......................................................... 2-405 
Compare 

Compare Mode ................................................... 2-370 
Software Interrupt Mode ................................... 2-370 
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Special Trigger Output of CCP1 ...................... 2-370 
Timer1 Mode Selection ..................................... 2-370 

Compatibility, upward ................................................ 2-307 
Computed GOTO ....................................................... 2-340 
Configuration Fuses ................................................... 2-405 
CS ................................................................................. 2-352 

D 
DC Characteristics ............................... 2-440, 2-458, 2-4 76 
Development Support ................................................ 2-435 
Development Systems .............................................. 2-438 
Development Tools .................................................... 2-435 
Digit Carry .................................................................... 2-313 
Dynamic Data Exchange (DOE) .............................. 2-435 

E 
Electrical Characteristics .................... 2-439, 2-457, 2-475 
External Power-on Reset Circuit.. ........................... 2-415 

F 
Family Of Devices ...................................................... 2-308 
Features ....................................................................... 2-308 
FSR. .................................. 2-326, 2-327, 2-328, 2-341, 2-412 
Fuzzy Logic Dev. System .............................. 2-435, 2-438 

G 
GIE ..................................................................... 2-416, 2-421 
GIE bit .......................................................................... 2-416 

I 
1/0 PORTS .................................................................. 2-343 
1/0 Programming Considerations ............................ 2-351 
12c 

Addressing 12C Devices .................................... 2-381 
Arbitration ............................................................ 2-383 
BF .............................................................. 2-385, 2-386 
CKP ...................................................................... 2-387 
Clock Synchronization ....................................... 2-383 
Combined Format .............................................. 2-382 
12C Overview ....................................................... 2-380 
Initiating and Terminating Data Transfer ....... 2-380 
Master-Receiver Sequence .............................. 2-382 
Master-Transmitter Sequence ......................... 2-382 
Multi-master ........................................................ 2-383 
START ................................................................. 2-380 
STOP ......................................................... 2-380, 2-381 
Transfer Acknowledge ...................................... 2-381 

IBF ................................................................................ 2-352 
IBOV ............................................................................. 2-352 
IDLE_MODE ............................................................... 2-389 
In-Circuit Serial Programming ....................... 2-405, 2-422 
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INDF ............................................ 2-326, 2-327, 2-328, 2-412 POR ................................................................... 2-410, 2-411 
Instruction Cycle ......................................................... 2-322 Oscillator Start-up Timer (OST) ............ 2-405, 2-410 
Instruction Flow/Pipelining ........................................ 2-322 Power Control Register (PCON) ..................... 2-411 
Instruction Set Summary ........................................... 2-423 Power-On Reset (POR) .............. 2-405, 2-410, 2-412 
INT lnterrupt.. .............................................................. 2-418 Power-Up-Timer (PWRT) ...................... 2-405, 2-410 
INTCON ..... 2-326, 2-327, 2-328, 2-331, 2-412, 2-416, 2-419 Time-out Sequence ........................................... 2-411 
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Interrupt Flag ............................................................... 2-416 PORT RB Interrupt.. ................................................... 2-419 
Interrupt On Change Feature ................................... 2-345 PORTA ...... 2-317, 2-319, 2-321, 2-326, 2-328, 2-343, 2-412 
Interrupts ........................................................... 2-405, 2-416 PORTS ........................... 2-317, 2-319, 2-321, 2-326, 2-328, 

L ........................................................ 2-345, 2-388, 2-412 

Loading of PC .............................................................. 2-340 

M 
MCLR. ................... 2-317, 2-319, 2-321, 2-409, 2-411, 2-412 
Memory Organization 

Data Memory ....................................................... 2-324 
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Power-Down Mode (SLEEP) .................................... 2-421 
PR2 .................................................................... 2-327, 2-413 
Prescaler ...................................................................... 2-359 

Memory Organization ........................................ 2-323 
Program Memory ................................................ 2-323 

PRO MATE Universal Programmer ............. 2-435, 2-437 
PSPIE ........................................................................... 2-352 

MPASM Assembler ......................................... 2-435, 2-438 PSPIF ........................................................................... 2-352 
MP-C C Compiler ........................................................ 2-438 
MPSIM Software Simulator ............................ 2-435, 2-438 

PSPMODE ........................................................ 2-349, 2-352 
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OPTION ........................... 2-327, 2-328, 2-330, 2-412, 2-418 PWM Mode .......................................................... 2-371 
OSC selection ............................................................. 2-405 PWM period ........................................................ 2-371 
OSC1 ..................................................... 2-317, 2-319, 2-321 R 
OSC2 ..................................................... 2-317, 2-319, 2-321 
Oscillator 

R/W bit... ...................................... 2-381, 2-385, 2-386, 2-387 
RBIE bit ........................................................................ 2-345 

HS .............................................................. 2-407, 2-411 
LP ............................................................... 2-407, 2-411 

Oscillator Configurations ........................................... 2-407 
Output of TMR2 .......................................................... 2-367 
Overview of timer modules ....................................... 2-355 

RBIF bit ............................................................. 2-345, 2-419 
RC Oscillator ......................................... 2-407, 2-408, 2-411 
RCREG ............................................................. 2-326, 2-412 
RCSTA ................................................... 2-326, 2-392, 2-412 
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PIC16C6X 

CONNECTING TO MICROCHIP BBS 

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 member
ship services, therefore you do not need CompuServe 
membership to join Microchip's BBS. 

There is no charge for connecting to the BBS, except 
for a toll charge to the CompuServe access number, 
where applicable. You do not need to be a Com
puServe member to take advantage of this connection 
(you never actually log in to CompuServe). 

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 
service allows multiple users at baud rates up to 14400 
bps. 

The following connect procedure applies in most loca
tions: 

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

2. Dial your local CompuServe access number. 

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

4. Type +, depress <ENTER..!> and Host Name : 

will appear. 

5. Type MCHIPBBS, depress < ENTER..! > and 
you will be connected 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 9600-14400 baud connection. After the system 
responds with Host Name:, type 

NETWORK, depress < ENTER..! > 
and follow CompuServe's directions. 

For voice information (or calling from overseas), you 
may call (614) 457-1550 for your local CompuServe 
number. 
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PIC16C6X 

READER RESPONSE 

It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip prod
uct. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our documentation 
can better serve you, please FAX your comments to the Technical Publications Manager at (602) 786-7578. 

Please list the following information, and use this outline to provide us with your comments about this Data Sheet. 

To: Technical Publications Manager Total Pages Sent 

RE: Reader Response 

Company ~-----------------------------
Address ~------------------------------~ 
City I State I ZIP I Country ________________________ _ 

Telephone: ( ___ ) ___ _ FAX: ( __ ) __ _ 

Application (optional): 

Would you like a reply? __ Y __ N 

Device: PIC16C6X Literature Number: DS30234A 

Questions: 

1. What are the best features of this document? 

2. How does this document meet your hardware and software development needs? 

3. Do you find the organization of this data sheet easy to follow? If not, why? 

4. What additions to the data sheet do you think would enhance the structure and subject? 

5. What deletions from the data sheet could be made without affecting the overall usefullness? 

6. Is there any incorrect or misleading information (what and where)? 

7. How would you improve this document? 

8. How would you improve our software, systems, and silicon products? 

© 1995 Microchip Technology Inc. DS30234A-page 2-511 
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PIC16C6X 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 T TT c Pattern: I 
1 

Package: 

~Temperature 
Range: 

i 
J Frequency '-------------ll Range: 

Device: 

Examples: 

3-Digit Pattern Code for OTP (blank otherwise) 

L PLCC 
P PDIP 
SO SOIC (Gull Wing, 300 mil body) 

PO MQFP (Metric PQFP) 
JW Windowed CERDIP 

O'C to +70'C (T for tape/reel) 
I --40'C to +85'C (S for tape/reel) 
E --40"C to +125'C 

04 200 KHz (PIC16C6X-04) 
04 4MHz 
20 20 MHz 
PIC16C6X :Voo range 4.0V to 6.0V 
PIC16C6XT:Voo range 4.0V to 6.0V (Tape and Reel) 
PIC16LC6X :Voo range 3.0V to 6.0V 

PIC16LC6XT:Voo range 3.0V to 6.0V(Tape and Reel) 

a) PIC16C61 - 04/P 301 
b) PIC16LC64 - 041/SO 

Commercial temp., PDIP package, 4 MHz, normal Vbo limits, OTP pattern #301 
Industrial temp., SOIC package, 4MHz, extended Vbo limits 

c) PIC16C65 - 10E/P Automotive temp., PDIP package, 10 MHz, normal \Ibo 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 ~ an errata sheet exists for a particular device, please contact one of the following: 

1. Your local Microchip sales office. 

2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 

3. The Microchip's Bulletin Board, via your local CompuServe number (CompuServe membership NOT required). 

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

For latest version information and upgrade kits for Microchip DevelopmentTools, please call 1-800-755-2345 or 1-602-786-7302. 
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MICROCHIP PIC16C62 
28-Pin EPROM-Based 8-Bit Microcontroller Product Brief 

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 - 200ns instruction cycle 

• 2048 x 14 on-chip EPROM program memory 
• 128 x 8 general purpose registers (SRAM) 
• Interrupt capability 
• 29 special function hardware registers 
• Eight levels deep hardware stack 
• Direct, indirect and relative addressing modes 

Peripheral Features 

• 22 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 12.5ns 
- Compare is 16-bit, max resolution 200ns 

PWM resolution is 1- to 10-bit. Maximum 
PWM frequency @: 8-bit resolution = 80 KHz 
10-bit resolution = 20 KHz 

• TMR 1: 16-bit timer/counter (time-base for cap
ture/compare). TMR1 can be incremented during 
sleep via external crystal/clock (for real-time 
clock) 

• TMR2: 8-bit timer/counter with 8-bit period regis
ter (time-base for PWM), prescaler and postscaler 

• TMRO: 8-bit timer/counter with 8-bit programma
ble prescaler 

• Synchronous serial port (SSP) with two modes of 
operation: 
- 3-wire SPI 
- i2C™/ACCESS.bus compatible 

Special Microcontroller Features 

• Power-on Reset (POR), Power-up Timer (PWRT) 
and Oscillator Start-up Timer (osn 

• Watchdog Timer (WDT) with its own on-chip RC 
oscillator for reliable operation 

• Programmable code-protection 
• Power saving SLEEP mode 
• EPROM fuse selectable oscillator options 
• Serial in-system programming (via two pins) 

12C is a trademark of Philips Corporation. 
ACCESS.bus is a trademark of ABIG. 

PACKAGE TYPES 

PDIP, SOIC, Windowed CERDIP 

MCIJWpp-
RAO-
RA!- 3 
RA2-
RA3-

AA41TOCKI- 6 
RAS/SS-

v .. -
OSC1/CLKIN -

OSC2/CLKOUT - 10 
RCOITOOSOIT1CKt - 11 

AC1rrooso- 12 
RC2JCCP1- 13 

AC31SCK'SCL - 14 

SSOP 

RC4/SCl/SDA - 1 
RC51SDO

AC61TX/CK
RC7/RXIDT-

,, 
0 .... 
O> 
0 
O> 
N 

,, 
~:== 6 0 

RBG'INT - 7 c;; 
::~== : 0 

2B 
27 
26 
25 
24 
23 
22 
21 
20 
19 
1B 

17 
16 
15 

27 
26 
25 
24 
23 
22 
21 
20 

-RB7 
-RB6 
-RBS 
-RB4 
-RB3 
-RB2 
-RBI 
-RBOIJNT 

-voo 
-vss 
-RC? 
-RC6 
-RCSISDO 
- AC41SDL'SDA 

-RC2/CCP1 
-RC1fTOOSO 
- ACOITOOSOIT1CKI 
- OSC2/CLKOUT 
- OSC1/CLKIN 

-vss 
-RAS/SS 
-AA41TOC:Kt 

19 -RA3 RB3- 10 0) 
Re•- 11 N 1s -RA2 
Res- 12 17 -RA! 
RB6- 13 16 -RAO 

RB7-~14'------'-"'5,- --1"C!JWPP 

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 

- <1µA typical standby current@ 3V 

© 1994 Microchip Technology Inc. Preliminary DS30414A-page 2-513 

• 



PIC16C62 

PIC16C62 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 TTr9-, 3-Digit Pattern Code for OTP (blank otherwise) 

Package: p = PDIP 
so ~ SOIC (Gui! Wing, 300 mil body) 
SS = SSOP (209 mil) 
JW = Windowed CERDIP Examples: 

a) PIC16C62 • 04/P 301 = ~T--••~ - = o·cto+1o·c Commercial temp., PDIP 
Range: I = -40"C to +ss·c package, 4 MHz, normal Voo 

E = -40"C to +125°C limits, OTP pattern #301 
b) PIC16LC62 • 041/SO = 

J Frequency 04 = 4MHz Industrial temp., SOIC pack-
l Range: 20 = 20MHz age, 4 MHz, extended Voo lim-

Its 
J Device: PIC16C62 :Voo range 4.0V to 6.0V c) PIC 16C62 • 20E/P = 

l 
PIC16C62T:(Tape and Reel) Automotive temp., PDIP pack-
PIC16LC62 :Voo range 2.SV to 6.0V age, 20 MHz, normal Voe lim-
PIC16LC62T:(Tape and Reel) its 

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. 

2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 

3. The Microchip's Bulletin Board, via your local CompuServe number (CompuServe membership NOT required). 

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

For latest version information and upgrade kits for Microchip DevelopmentTools, please call 1-800-755-2345 or 1-602-786-7302. 
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MICROCHIP PIC16C63 
28-Pin EPROM-Based 8-Bit Microcontroller Product Brief 

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 - 200ns instruction cycle 

• 4096 x 14 on-chip EPROM program memory 
• 192 x 8 general purpose registers (SRAM) 
• Interrupt capability 
• 42 special function hardware registers 
• Eight levels deep hardware stack 
• Direct, indirect and relative addressing modes 

Peripheral Fea\.ures 

• 22 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 12.Sns 

Compare is 16-bit, max resolution 200ns 
- PWM resolution is 1- to 10-bit. Maximum 

PWM frequency @: 8-bit resolution = 80 KHz 
10-bit resolution = 20 KHz 

• TMR1: 16-bit timer/counter (time-base for cap
ture/compare). TMR1 can be incremented during 
sleep via external crystal/clock (for real-time 
clock) 

• TMR2: 8-bit timer/counter with 8-bit period regis
ter (time-base for PWM), prescaler and postscaler 

• TMRO: 8-bit timer/counter with 8-bit programma
ble prescaler 

• 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 
- 12C™/ACCESS.bus compatible 

12C is a trademark of Philips Corporation. 
ACCESS.bus is a trademark of ABIG. 

PACKAGE TYPES 
-- "---------------~ 

PDIP, SOIC, Windowed CERDIP 

-RB7 
-RB6 
-RBS 

"'C -RB4 

0 -RB3 
-RB2 .... 
-RB1 

0) 

0 
-ABOllNT 

0) 
-voo 

11 c.> 
12 

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 

• Programmable code-protection 
• Power saving SLEEP mode 
• EPROM fuse selectable oscillator options 
• Serial in-system programming (via two pins) 

CMOS Technology 

• Low-power, high-speed CMOS EPROM technology 
• Fully static design 
• Wide-operating voltage range (3.0V to 6.0V) 
• Commercial, Industrial and Automotive Temp. 

Range 
• Low-power consumption 

< 2mA @ 5V, 4 MHz 
1 SµA typical @ 3V, 32 KHz 
<1µA typical standby current @ 3V 
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PIC16C62 

PIC16C62 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 

T' L1_m, 3-Digit Pattern Code for OTP (blank otherwise) 

Package: p = PDIP 
so = SOIC (Gull Wing, 300 mil bodyl 
SS = SSOP (209 mil) 
JW = Windowed CERDIP Examples: 

a) PIC16C62 - 04/P 301 = 
J Temperature - = o·c to +7o·c Commercial temp., PDIP I Range: I = -40'C to +as·c package, 4 MHz, normal Voo 

E = -40"C to +125°C limits, OTP pattern #301 
b) PIC16LC62 - 04USO = 

J Frequency 04 = 4MHz Industrial temp., SOIC pack-
I Range: 20 = 20MHz age, 4 MHz, extended Voo lim-

ijs 
J Device: PIC16C62 :Voo range 4.0V to 6.0V c) PIC16C62 - 20E/P = 

I 
PIC16C62T:(Tape and Reel) Automotive temp .. PDIP pack-
PIC16LC62 :Voo range 2.SV to 6.0V age, 20 MHz, normal Voo lim-
PIC16LC62T:(Tape and Reel) its 

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. 

2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 

3. The Microchip's Bulletin Board, via your local CompuServe number (CompuServe membership NOT required). 

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 PIC16C7X 
8-Bit CMOS Microcontrollers with Analog Converter 

Devices included in this Data Sheet: 

• PIC16C74 
• PIC16C73 
• PIC16C71 

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 - 20MHz clock input 

DC - 200ns instruction cycle 

Device Program Data Memory 
Memory 

PIC16C74/73 4K 192 
PIC16C71 1K 36 .. • Interrupt capablltty 

• Eight levels deep hardware stack 
• Direct, indirect and relative addressing modes 

Peripheral Features of all PIC16C7X 

Deviee 110 AID TMRO High Current 
Channel (sink/sourc!!}_ 

PIC16C74 33 8 Yes 25mA/25mA 
PIC16C73 22 5 Yes 25mA/25mA 
PIC16C71 13 4 Yes 25mA/25mA 

Peripheral Features of the PIC16C74/73 only 

• Two pins that can be configured as capture input, 
PWM output, or compare output 
- Capture is 16-bit, max resolution 12.5ns 
- Compare is 16-bit, max resolution 200ns 
- High resolution PWM 

• TMR1: 16-bit timer/counter (time-base for cap
ture/compare). TMR1 can be incremented during 
sleep via external crystaVclock (for real-time clock) 

• TMR2: 8-bit timer/counter with 8-bit period register 
(time-base for PWM), prescaler and postscaler 

• Serial Communications Interface (SCIVUSART 
• Synchronous serial port (SSP) with SPI and 

12CTM/ ACCESS.bus™ 

Peripheral Features of the PIC16C74 only 

• Parallel Slave Port(PSP): 8-bltwide, withextemal'Fm,WR'and 
~controls (microprocessor bus interface) 

Special Microcontroller Features 
• Power-on Reset (PORJ 

Power-up Timer (PWR'r) and Oscillator Start-up Timer 
cosn 
Watchdog Timer (WOT) with its own on-<:hip RC 
oscillator for reliable operation 

• Programmable code-protection 
Power saving SLEEP mode 
Fuse selectable oscillator options 

• Serial in-system programming (via two pins) 

© 1995 Microchip Technology Inc. 

PACKAGE TYPES 
PDIP, Windowed CERDIP 

-RB7 
-RBB 
-RBS 
-RB4 
-RB3 
-RB2 
-RB1 
-RBOllNT 
-vco 
-vss 
-RD7JPSP7 

Vss- - AD6/PSP6 
OSC1/CLKIN - - RD5JPSP5 

OSC21CLKOUT - - RD4JPSP4 
FICOIT10SOIT1CKI- -RC7/RXIDT 

RC1/T10SlfCCP2 - - RC6ff'X/CK 
RC2/CCP1 - - RC51SOO 

RC31SCKfSCL - - RC41SOVSDA 
RDOJPSPO - - RD3.'PSP3 
AD11PSP1 -o..:.;c.._ ___ ..::;_;-RD21PSP2 

PDIP, SOIC, Windowed CERDIP 

'EtRNPP ~ ..,___. RB7 
fW>/ANO ._.__. ..........., RB6 

RA1/AN1 ............... ...-.. RBS 

RA2/AN2 ............ .............. RB4 

RA3/AN31VR!r ............. ............. RB3 

RM/TOCKI ..........., .....__.. RB2 

RA51S'!iAN4 ....,__.. .,...___. RB1 
Vss ___,.. .....__.. ABO/INT 

OSC1/CLKIN ------. 4--- Yoo 
OSC21CLKOUT ~ .,...__ Yss 

RC<YT10SO/T1CKI ..__... .---.., RC7/RX/DT 
RC1fr10Sl/CCP2 ....--... ~ RC6'TX/CK 

RC2/CCP1 ...--.. .......__. RCS/SDO 

RC31SCK/SCL .--+ "'1...:-'------';;r- ,.___. RC4/SDl/SDA 

PDIP, SOIC, Windowed CERDIP 

RA21AN2 ............. 
RA3/AN3NPE.F.,.___.. 2 

RA4/TOCKI .,.___... 3 

uer:R'Jvpp _____.. 4 

Vss-----+
ASOJINT .......... 

RB1 ,,.__... 7 

..-... RA1/AN1 

............. RAO/ANO 

..--OSC1/CLKIN 

~ OSC2/CLKOUT 

-+--Voo 
..-...RB7 

-..R86 
_.RBS 

............... RB4 ,_ ___ _,--

CMOS Technology 
• Low-power, high-speed CMOS EPROM technology 

Fully static design 
Wide-operating voltage range - (3.0V to 6.0V for 
PIC16C74/PIC16C73/PIC16C71 )) 

• Commercial, Industrial, and Automotive Temp. Range 
Low-power consumption- < 2mA @ 5V, 4 MHz 

- 15mA typical @ 3V, 32 KHz 
- <1 mA typical standby current 
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PIC16C7X 

PACKAGE TYPES 
PLCC 

RA4frOCKl -
RA51AN41SS -
AEOIRO!ANS -
RE1!WRIAN6-
RE2it'S/AN7-

Voo
Vss

OSC1/CLKIN
OSC2/CLKOUT -

RCOi'T10S0fT1CKI -
NC 

0 

PIC16C74 

1111111111 
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1.0 GENERAL DESCRIPTION 
The PIC16C7X is a family of low-cost, high-perfor
mance, CMOS, fully-static, 8-bit microcontrollers. 

All PIC16/17 microcontrollers employ an advanced 
RISC-like architecture. The PIC16CXX has enhanced 
core features, eight-level deep stack, and multiple inter
nal 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 PIC16C74 device has 192 bytes of RAM and 33 
1/0 pins. In addition several peripheral features are 
available including: three timer/counters, two cap
ture/compare/PWM modules and two serial ports. The 
synchronous serial port can be configured as either a 
3-wire Serial Peripheral Interface (SPI) or the two-wire 
Inter-Integrated Circuit (12C"') bus. The Serial Commu
nications Interface (SCI) can be configured as either 
synchronous or asynchronous (USART). An 8-bit Par
allel Slave Port is provided. Also an 8-channel 
high-speed 8-bit AID is provided. The 8-bit resolution is 
ideally suited for applications requiring low-cost analog 
interface, e.g. thennostat control, pressure sensing, 
etc. 

The PIC16C73 device has 192 bytes of RAM and22 l/O 
pins. In addition several peripheral features are avail
able including: three timer/counters, two capture/com
pare/PWM modules and two serial ports. The 
synchronous serial port can be configured as either a 
3-wire Serial Peripheral Interface (SPI) or the two-wire 
Inter-Integrated Circuit (J2C) bus. The Serial Communi
cations Interface (SCI) can be configured as either 
synchronous or asynchronous (USART). Also a 
5-channel high-speed 8-bit AID is provided. The 8-bit 
resolution is ideally suited for applications requiring 
low-cost analog interface, e.g. thermostat control, 
pressure sensing, etc. 

The PIC167C71 device has 36 bytes of RAM and 13 1/0 
pins. In addition a timer/counter is available. Also a 
4-channel high-speed 8-bit AID is provided. The 8-bit 
resolution is ideally suited for applications requiring 
low-cost analog interface, e.g. thermostat control, pres
sure sensing, etc. 

The PIC16C7X family has special features to reduce 
external 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 oscil-
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lator 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 
lock-up. 

A UV-erasable CERDIP-packaged version is ideal for 
code development while the cost-effective One-Time 
Programmable (OTP) version is suitable for production 
in any volume. 

Table 1-1 shows the features of the PIC16C7X family. 

Table 1-2 shows information on which sections apply to 
the specific devices. 

Simplified block diagrams of the PIC16C74, PIC16C73 
and PIC16C71 are shown in Figure 3-1, Figure 3-2, 
and Figure 3-3 respectively. 

The PIC16C7X family fits perfectly in applications rang
ing from security, remote sensors, appliance control to 
automotive. 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 
PIC16C7X very versatile even in areas where no micro
controller use has been considered before (e.g. timer 
functions, serial communication, capture and compare, 
PWM functions and co-processor applications). 

1.1 Family and Upward Compatibility 

Those users familiar with the PIC16C5X family of 
microcontrollers will realize that this is an enhanced 
version of the PIC16C5X architecture. Please refer to 
Appendix A for a detailed list of enhancements. Code 
written for PIC16C5X can be easily ported to 
PIC16CXX family of devices (see Appendix B). 

1.2 Development Supcort 

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 
full-featured programmer. A "C" compiler and fuzzy 
logic support tools are also available. 
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TABLE 1-2: PIC16C7X FUNCTION SECTIONS 

FUNCTION SECTION 

PIC16C74 PIC16C73 PIC16C71 

1/0 Ports 5.0 5.0 5.0 

PORTA 5.1 5.1 5.1 

PORTB 5.2 5.2 5.2 

PORTC 5.3 5.3 -
PORTO 5.4 - -
PORTE 5.5 -

1/0 Programming 5.6 5.6 5.6 

Parallel Slave Port 5.7 - -
Timer Module Overview 6.0 6.0 6.0 • TimerO 7.0 7.0 7.0 

Timer1 8.0 8.0 -
Timer2 9.0 9.0 -
Capture/Compare/PWM 10.0 10.0 -

Synchronous Serial Port (SPl/l2C) 11.0 11.0 -

Serial Communications Interface (USARD 12.0 12.0 -
AID Converter 13.0 13.0 13.0 

CCP Special Trigger for AID 13.8 13.8 -
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2.0 PIC16C7X 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 in the PIC16C7X Product Selec
tion System section at the end of this data sheet. When 
placing orders, please use the "PIC16C7X Product 
Identification 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 pro
grams. 

The UV erasable version can be erased and repro
grammed to any of the configuration modes. 
Microchip's PICSTARl® and PRO MATE™ program
mers both support programming of the PIC16C7X. 
Third party programmers also are available, refer to the 
Third Party Guide for a list of sources. 

2.2 One-Time-Programmable COTPl 
Devices 

The availability of OTP devices is especially useful for 
customers who need the flexibility for frequent code 
updates and small volume applications. 

The OTP devices, packaged in plastic packages permit 
the user to program them once. In addition to the pro
gram memory, the configuration bits must also be pro
grammed. 
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2.3 Quick-Turnaround-Production CQTPl 
Devices 

Microchip offers a OTP Programming Service for fac
tory production orders. This service is made available 
for users who choose 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 pro
grammed by the factory. Certain code and prototype 
verification procedures do apply before production 
shipments are available. Please contact your local 
Microchip Technology sales office for more details. 

2.4 Serialized Quick-Turnaround 
Production CSQTpsM) Devices 

Microchip offers a unique programming service where 
a few user-defined locations in each device are pro
grammed with different serial numbers. The serial num
bers 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. 

OS30390A-page 2-523 

• 



PIC16C7X 

NOTES: 

DS30390A-page 2-524 © '1995 Microchip Technology Inc. 



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 using separate busses. This improves bandwidth 
over traditional von Neumann architecture where pro
gram and data are fetched from the same memory 
using the same bus. Separating program and data bus
ses further allows instructions to be sized differently 
than 8-bit wide data word. Instruction op-codes are 
14-bits 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 Example 3-1). Consequently, all 
instructions (35) execute in a single cycle (200ns @ 

20MHz) except for program branches. 

The PIC16C74 and PIC16C73 address 4K x 14 pro
gram memory and the PIC16C71 addresses 1 K x 14 of 
program memory. All program memory is internal. 

The PIC16CXX can directly or indirectly address its 
register files or data memory. All special function regis
ters including the program counter are mapped in the 
data memory. The PIC16CXX has an orthogonal (sym
metrical) instruction set that 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 
PIC16CXX simple yet efficient. In addition, the learning 
curve is reduced significantly. 

© 1995 Microchip Technology Inc. 
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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 
between 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 comple
ment 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 con
stant. 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 and diQlt borrow out bit, respec
tively, bit in subtraction. See the SUBLW and SUBWF 
instructions for examples. 

A simplified block diagram for the PIC16C74 is shown 
in Figure 3-1, its corresponding pin description is 
shown in Table 3-1, a simplified block diagram for the 
PIC16C73 is shown in Figure 3-2, its corresponding pin 
description is shown in Table 3-1, and a simplified block 
diagram for the PIC16C71 is shown in Figure 3-3, its 
corresponding pin description is shown in Table 3-1. 
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FIGURE 3-1: PIC16C74 BLOCK DIAGRAM 
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FIGURE 3-2: PIC16C73 BLOCK DIAGRAM 
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FIGURE 3-3: PIC16C71 BLOCK DIAGRAM 
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TABLE 3-1: PIC16C74 PINOUT DESCRIPTION 

Pin 

Name 
DIP PLCC MQFP VOiP Buffer 

Description 
No. No. No. Type Type 

OSC1/CLKIN 13 14 30 I ST/CMOS4 Oscillator crystal input/external clock source input. 

OSC2/CLKOUT 14 15 31 0 - Oscillator crystal output. Connects to crystal or resonator 
in crystal oscillator mode. In RC mode, OSC2 pin outputs 
CLKOUT which has 1/4 the frequency of OSC1, and 
denotes the instruction cycle rate. 

liilOmNPP 1 2 18 l/P ST Master clear (reset) input/programming voltage input. 
This pin is an active low reset to the device . 

PORTA is a bidirectional 1/0 port. 

RAO/ANO 2 3 19 1/0 TTL Analog input O 

RA1/AN1 3 4 20 1/0 TTL Analog input 1 

RA2/AN2 4 5 21 1/0 ITL Analog input 2 

RA3/AN3NREF 5 6 22 1/0 TTL Analog input 3NREF 

RA4/TOCKI s 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~ 7 8 24 1/0 ITL Analog input 4 can also be the slave select for the 
synchronous serial port. 

PORTS is a bidirectional 1/0 port. PortB can be software 
programmed for internal weak pull-up on all inputs. 

RBO/INT 33 36 8 1/0 TTUST1 RBO/INT can also be selected as an external inter-
rupt pin. 

RB1 34 37 9 1/0 TTL 

RB2 35 38 10 1/0 TTL 

RB3 3S 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 16 110 TTUST2 Interrupt on change pin. Serial programming clock. 

RB7 40 44 17 1/0 TTUST2 Interrupt on change pin. Serial programming data. 

PORTC is a bidirectional 1/0 port. 

RCO/T10SO/T1CKI 15 1S 32 1/0 ST RCO/T10SO/T1CKI can also be selected as a 
Tim er1 oscillator output/Timer1 clock input. 

RC1/T10Sl/CCP2 16 18 35 1/0 ST RC1/T10Sl/CCP2 can also be selected as a Timer1 
oscillator Input or Capture 2, input/Compare 2 out-
put/PWM 2 output. 

RC2/CCP1 17 19 3S 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 synchro-
nous serial clock input/output for both S Pl and 12C 
modes. 

RC4/SDl/SDA 23 25 42 1/0 ST RC4/SDl/SDA can also be selected as the SPI Data 
In (SPI mode) or data 1/0 (12c mode). 

RC5/SDO 24 2S 43 1/0 ST RC5/SDO can also be selected as the SPI Data Out 
(SPI mode). 

RCS/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 2S 29 1 1/0 ST RC7/RX/DT can also be selected as the Asynchro-
nous Receive or SCI Synchronous Data. 

Legend: I= input 0 = output 1/0 = input/output P = power 
- = Not used TTL =TTL input ST = Schmitt Trigger input 

Note 1: This buffer is a Schmitt Trigger input when configured as the external Interrupt. 
2: This buffer is a Schmitt Trigger input when used in serial programming mode. 
3: 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). 
4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise. 
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TABLE 3·1: PIC16C74 PINOUT DESCRIPTION (CONT.) 

Pin 

Name 
DIP PLCC MQFP. VOiP Buffer 

Description 
No. No. No. Type Type 

PORTO is a bidirectional 1/0 port or parallel slave or 
interfacing to a microprocessor bus. 

RDQ/PSPO 19 21 38 1/0 STITTL3 

RD1/PSP1 20 22 39 1/0 STITTL3 

RD2/PSP2 21 23 40 1/0 STITTL3 

RD3/PSP3 22 24 41 .1/0 STITTL3 

RD4/PSP4 27 30 2 1/0 STITTL3 

RD5/PSP5 28 31 3 1/0 STITTL3 

RD6/PSP6 29 32 4 1/0 STITTL3 

RD7/PSP7 30 33 5 1/0 STITTL3 

' PORTE is a bidirectional 1/0 port. 
REO/fm/ ANS 8 9 25 : 1/0 STITTL3 REOifID/AN5 read control for parallel slave port, or 

:, analog input 5. 
RE1/W1t/AN6 9 10 26 1/0 STITTL3 RE11WR"/AN6 write control for parallel slave port, or 

analog input 6. 
RE21CS"/ AN7 10 11 27 1/0 STITTL3 RE21CS"/AN7 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 1/0 pins. 
NC - 1,17,28, 12,13, - These pins are not internally connected. These pins 

40 33,34 should be left unconnected. 

Legend: I= Input O = output 1/0 = inpuVoutput P = power 
- = Not used TTL =TTL input ST = Schmitt Trigger input 

Note 1: This buffer is a Schmitt Trigger Input when configured as the external interrupt. 
2: This buffer is a Schmitt Trigger input when used in serial programming mode. 
3: This buffer is a Schmitt Trigger input when configured as general purpose 1/0 and a TTL input when used in the Paralle.1 

$lave Port mode (for interfacing to a microprocessor bus). 
4: This buffer Is a Schmitt Trigger Input wf\Eln configured in RC oscillator mode and a CMOS input otherwise. 
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TABLE 3-2: PIC16C73 PINOUT DESCRIPTION 

Pin 

Name 
DIP SOIC 1/0/P Buffer 

Description 
No. No. Type Type 

OSC1/CLKIN 9 9 I ST/CMOS3 Oscillator crystal input/external clock source input. 

OSC2/CLKOUT 10 10 0 - Oscillator crystal output. Connects to crystal or resonator in 
crystal oscillator mode. In RC mode, OSC2 pin outputs CLK-
OUT which has 1/41he frequency of OSC1, and denotes the 
instruction cycle rate. 

1.ifCERNPP 1 1 l/P ST Mas1er clear (rese1) input/programming voltage input. This pin 
is an active low rese1 to the device. 

PORTA is a bidirectional 1/0 port. 

RAO/ANO 2 2 1/0 TTL Analog input O 

RA1/AN1 3 3 1/0 TTL Analog input 1 • RA2/AN2 4 4 1/0 TTL Analog input 2 

RA3/AN3NREF 5 5 1/0 TTL Analog input 3NREF 

RA4/TOCKI s s 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 7 1/0 TTL Analog input 4 can also be the slave select for the syn-
chronous serial port. 

PORTB is a bidirectional 1/0 port. PortB can be software pro-
grammed for internal weak pull-up on all inputs. 

RBO/INT 21 21 1/0 TTUST1 RBO/INT can also be selected as an external interrupt pin. 

RB1 22 22 1/0 TTL 

RB2 23 23 1/0 TTL 

RB3 24 24 1/0 TTL 

RB4 25 25 1/0 TTL Interrupt on change pin. 

RBS 2S 26 1/0 TTL Interrupt on change pin. 

RBS 27 27 1/0 TTUST2 Interrupt on change pin. Serial programming clock. 

RB7 28 28 1/0 TTUST2 Interrupt on change pin. Serial programming data. 

PORTC is a bidirectional 1/0 port. 

RCO/T10SO/T1 CKI 11 11 1/0 ST RCO/T10SO/T1CKI can also be selected as a TlmerO 
oscillator output/Timer1 clock input. 

RC1/T10Sl/CCP2 12 12 1/0 ST RC1/T10Sl/CCP2 can also be selected as a TimerO 
oscillator input or Capture 2, input/Compare 2 out-
put/PWM 2 output. 

RC2/CCP1 13 13 1/0 ST RC2/CCP1 can also be selected as a capture1 
input/compare1 output/PWM 1 output. 

RC3/SCK/SCL 14 14 1/0 ST RC3/SCK/SCL can also be selected as the synchronous 
serial clock input/output for both SPI and 12c modes. 

RC4/SDl/SDA 15 15 1/0 ST RC4/SDl/SDA can also be selected as the SPI Data In 
(SPI mode) or data 1/0 (12c mode). 

RC5/SDO 16 16 1/0 ST RC5/SDO can also be selected as the SPI Data Out (SPI 
mode). 

RCS/TX/CK 17 17 1/0 ST RCS/TX/CK can also be selected as Asynchronous 
Transmit or SCI Synchronous Clock. 

RC7/RX/DT 18 18 1/0 ST RC7/RX/DT can also be selected as the Asynchronous 
Receive or SCI Synchronous Data. 

Vss 8, 19 8,19 p - Ground reference for logic and 1/0 pins. 

Voo 20 20 p - Positive supply for logic and 1/0 pins. 

Legend: I= input 0 = output 1/0 = input/output P = power 
- = Not used TTL =TTL input ST = Schmitt Trigger input 

Note1: This buffer a Schmitt Trigger input when configured as the external interrupt. 
2: This buffer a Schmitt Trigger input when used in serial programming mode. 
3: This buffer a Schmitt Trigger input when configured in RC oscillator mode and a CMOS Input otherwise. 
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TABLE3-3: PIC16C71 PINOUT DESCRIPTION 

Pin 

Name 
DIP SOIC l/O/P Buffer 

Description 
No. No. Type Type 

OSC1/CLKIN 16 16 I ST/CMOS3 Oscillator crystal input/external clock source Input. 

OSC2/CLKOUT 15 15 0 - Oscillator crystal output. Connects to crystal or resonator In crystal 
oscillator mode. In RC mode, OSC2 pin outputs CLKOUT which has 
1 /4 the frequency of OSC 1, and denotes the instruction cycle rate. 

~NPP 4 4 l/P ST Master clear (reset) input/programming voltage Input. This pin is an 
active low reset to the device. 
PORTA is a bidirectional 1/0 port. 

RAO/ANO 17 17 110 TTL Analog input o 
RA1/AN1 18 18 1/0 TTL Analog input 1 
RA2/AN2 1 1 1/0 m Analog Input 2 
AA3/AN3NREF 2 2 1/0 TTL Analog input 3/VREF 

RA4/TOCKI 3 3 l/O ST Can also be selected to be the clock input to the TMAO 
timer/counter. Output is open collector type. 

PORTS is a bidirectional 1/0 port. PortB can be software pro-
grammed for internal weak pull-up on all inputs. 

ABO/INT 6 6 1/0 TTL/ST1 ABO/INT can also be selected as an external Interrupt pin. 
RB1 7 7 1/0 TTL 
AB2 8 8 1/0 TTL 
RB3 9 9 1/0 TTL 
RB4 10 10 1/0 TTL Interrupt on change pin. 
ABS 11 11 1/0 TTL Interrupt on change pin. 
ABS 12 12 1/0 TTUST2 Interrupt on change pin. Serial programming clock. 
RB7 13 13 1/0 TTUST2 Interrupt on change pin. Serial programming data. 
Vss 5 5 p - ~round reference for logic and 1/0 pins. 
Voo 14 14 p - Positive supply for logic and 1/0 pins. 

Legend: I= input 0 = output 1/0 = Input/output P = power 
- = Not used TTL = ffi input ST = Schmitt Trigger input 

Note 1: This buffer Is a Schmitt Trigger input when configured as the external interrupt. 
2: This buffer is a Schmitt Trigger Input when used In serial programming mode. 
3: This buffer Isa Schmitt Trigger input when configured in RC oscillator mode and a CMOS Input otherwise. 
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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 program 
counter (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 3-4. 

FIGURE 3-4: CLOCK/INSTRUCTION CYCLE 

PIC16C7X 

3.2 Instruction Flow/Pipelining 

An "Instruction Cycle" consists of four O cycles (Q1, 02, 
03 and 04). The instruction fetch and execute are pipe
lined such that fetch takes one instruction cycle while 
decode and execute takes another instruction cycle. 
However, due to the pipelining, each instruction effec
tively 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 Q4 (destination 
write). 

01102103104 01 02103104 01102103104 

OSC1 

01 

02 

04 

PC 
(Program Counter) 1 

OSC2/CLKOUT 

(RC Mode) t----.,,Fet"'"c,...h "'INS""T"'(P""'C""°) -----, 

Execute INST (PC-1) 

EXAMPLE 3-1: INSTRUCTION PIPELINE FLOW 

1. MOVLW 
2.MOVWF 
3.CALL 
4. BSF 

55h 
PORTB 

L 

SUB_l 
PORTA, BIT3 

Fetch 1 l Execute 1 
L Fetch 2 Execute2 

Fetch 3 Execute 3 l 
Fetch 4 

: } Internal 
1 Phase 

Clacks 

\ Fetch SUB_ 1 J 
All instructions are single cycle, except for any program branches. These take two cycles since the fetched 
instruction is '11ushed' from the pipeline while the new instruction is being fetched and then executed. 
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NOTES: 
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4.0 MEMORY ORGANIZATION 

4.1 Program Memory Organization 

The PIC16C7X family has a 13-bit program counter 
capable of addressing an BK x 14 program memory 
space. For the PIC16C74 and PIC16C73 only the first 
4K x 14 (0000-0FFFh) are physically implemented, and 
for the PIC16C71 only the first 1Kx 14 (0000-03FFh) is 
physically implemented. Accessing a location above 
the physically implemented address will cause a wrap
around. The reset vector is at OOOOh and the interrupt 
vector is at 0004h (see Figure 4-1 and Figure 4-2). 

FIGURE 4-1: PIC16C74173 PROGRAM 
MEMORY MAP AND STACK 

PC <12:0> 

CALL, RETURN 
RETFIE, RETLW 

13 

Stack Level 1 

Stack Level 8 

Reset Vector 

Interrupt Vector 
i--~~~~~~~---< 

On-chip Program 
Memory (Page 0) 

On-chip Program 
Memory (Page 1) 
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OOOOh 

0004h 

0005h 

07FFh 

0800h 

OFFFh 

1000h 

1FFFh 

PIC16C7X 

FIGURE 4-2: PIC16C71 PROGRAM 
MEMORY MAP AND STACK 

PC <12:0> 

CALL, RETURN 
RETFIE, RETLW 

13 

Stack Level 1 

Stack Level 8 

Reset Vector OOOOh 

Interrupt Vector 

On-<:hip Program 
Memory 

4.2 Data Memory Organization 

The data memory (see Figure 4-3 and Figure 4-4) 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 reg
ister 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 lower locations of each Bank are 
reserved for the Special Function Registers. Above the 
Special Function Registers are General Purpose Reg
isters implemented as static RAM. Some Special Func
tion Registers are mapped in Bank 1. 

4.2.1 GENERAL PURPOSE REGISTER FILE 

The register file is accessed either directly, or indirectly 
through the file select register FSR (see Section 4.4). 

The general purpose register locations 8Ch-AFh of 
Bank 1 on the PIC16C71 are not physically imple
mented. These locations are mapped into 0Ch-2Fh of 
Banko. 
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FIGURE4-3: PIC16C74/PIC16C73 
REGISTER FILE MAP 

File 
address 

()() INDF1 INDF1 80 

01 TMRO OPTION B1 

02 PCL PCL 82 

03 STATUS STATUS 83 

04 FSR FSR 84 

05 PORTA TRISA B5 

06 PORTS TRISB 86 

07 PORTC TRISC S7 

OS PORTD2 TRISD2 SB 

09 PORTE2 TRISE2 S9 

OA PCLATH PCLATH SA 

OB INTCON INTCON SB 

oc PIR1 PIE1 BC 

OD PIR2 PIE2 BO 

OE TMR1L PCON BE 

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 CCP1CON 97 

1S RCSTA 98 

19 TXREG 99 

1A RCREG 9A 

18 CCPR2L 98 

1C CCPR2H 9C 

1D CCP2CON 90 

1E ADRES 9E 

1F ADCONO ADCON1 9F 

20 AO 

General General 
Purpose Purpose 
Register Register 

Banko Bank 1 

l!!l Unimplemented data memory locations; read as 'O's 

Note 1: Not a physical register. 
2: These registers are not physically implemented 

on the PIC16C73 and are read as 'O' 
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FIGURE4-4: PIC16C71 REGISTER FILE 
MAP 

File 

Address 
00 INDF1 INDF1 BO 

01 TMRo· OPTION B1 

02 PCL · PCL B2 

03 STATUS STATUS B3 

04 FSR FSA B4 

05 PORTA TRISA B5 

06 B6 

07 B7 

OS ADCONO ADCON1 SS 

09 A ORES ADRES S9 

OA PC LATH PCLATH BA 

OB INTCON INTCON BB 

oc SC 

General Mapped 
Purpose In page o 
Register 

2F AF 

30 BO 

7F FF 
Banko Bank 1 

li!lll Unimplemented data memory locations; reads as 'O's 

Note 1: Not a physical register. 
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4.2.2 SPECIAL FUNCTION REGISTERS: 

The Special Function Registers are registers used by 
the CPU and Peripheral functions for controlling the 
desired operation of the device (see Table 4-2 and 
Table 4-2). These registers are static RAM. 

The special registers can be classified into two sets. 
The special registers associated with the "core" func
tions are described in this section. Those related to the 
operation of the peripheral features are described in the 
section of that peripheral feature. 

TABLE 4-1: SPECIAL REGISTERS FOR THE PIC16C74 AND PIC16C73 

l I I I l l l Value on Value on all 
Address Name Bit7 Bit& Bits Bit4 Bit3 Bit2 Bit1 BitO Power-On other resets 

Reset (Note 2) 

Banko 

oot INDF Addressing this location uses contents of FSA to address data memory (not a physical register) 00000000 00000000 

01 TMRO TimerO xxxxxxxx uuuu uuuu 

02t PCL Program Counter's (PC's) Least Significant Byte 00000000 00000000 

03t STATUS IRP 
I 

RP1 
I 

RPO 
I 

TO 1 ]5[j 1 z 1 DC l c 00011xxx 000? ?uuu 

04t FSA Indirect data memory address pointer xxxxxxxx uuuuuuuu 

05 PORTA PORTA Data Latch when written: PORTA pins when read -xxxxxx --uu uuuu 

06 PORTB PORTB Data Latch when written: PORTB pins when read xxxxxxxx uuuu wuu 

07 PORTC PORTC Data Latch when written: PORTC pins when read xxxxxxxx uwuuuuu 

oatt PORTO PORTO Data Latch when written: PORTO pins when read xxxxxxxx UUUU l.K.IUU 

oott PORTE PORTE Data Latch when written: PORTE pins when read ----xxx ----uuu 

OAt PCLATH ~Write Bulfer for the uppers bits of the PC1 --00000 ---00000 

OBt INTCON INTE j ABIE j TOIF j INTF j RBIF OOOOOOOx ooooooou 

oc PIR1 PSPIF3 l ADIF J RCIFtt j TXIFtt J SSPIF l CCP1 IF l TMR21F l TMR1 IF 00000000 00000000 

OD PIR2 CCP21F ----0 ------0 

OE TMR1L Timer1 Least Significant Byte xxxxxxxx uuuuuuuu 
OF TMR1H Timer1 Most Significant Byte xxxx xxxx uuuuuuuu 

10 T1CON T1CKPS1IT1CKPSOIT10SCENI~ITMR1CSITMR10N --000000 --uu uuuu 

11 TMR2 Timer2 00000000 00000000 

12 T2CON !§\Thi!/& TOUTPS3 j TOUTPS2 j TOUTPS1j TOUTPSO j TMR20N j T2CKPS1I T2CKPSO -0000000 -0000000 

13 SSPBUF Synchronous Serial Port Receive Buller!Transmit Register xxxxxxxx uuuu uuuu 

14 SSPCON WCOL 1 SSPOV 1 SSPEN l CKP l SSPM3 l SSPM2 1 SSPM1 J SSPMO 00000000 00000000 

15 CCPR1L Capture/Compare/Duty Cycle Register (LSB) xxxxxxxx uuuu uuuu 

16 CCPR1H Capture/Compare/Duty Cycle Register (MSB) xxxx xxxx uuuu uuuu 

17 CCP1CON CCP1X I CCP1Y I CCP1M3 I CCP1M2 I CCP1M1 I CCP1MO -000000 -000000 

18 RCS TA SPEN _L RCS/9 J SREN l CREN FERR l OERR I RCD8 0000-00X 0000-00X 

19 TXREG SCI Transmit Data Register 00000000 00000000 

1A RC REG SCI Receive Data Register 00000000 00000000 

1B CCPR2L Capture/Compare/Duty Cycle Register 2 (LSB) xxxxxxxx uuuu uuuu 

1C CCPR2H Capture/Compare/Duty Cycle Register 2 (MSB) xxxxxxxx uuuu uuuu 
10 CCP2CON CCP2X l CCP2Y l CCP2M3 I CCP2M2 I CCP2M1 I CCP2MO xxOOOOOO xxOOOOOO 

1E AD RES /VD Result Register xxxxxxxx uuuu uuuu 
1F ADC ONO ADCS1 I ADCSO I CHS2 I CHS1 

I CHSO I GOIOONEI - I ADON 000000-0 000000-0 

Legend: x = unknown, u = unchanged, ? =value depends on condition, shaded locations are unimplemented and read as 'O' 

t: These registers can be addressed from either bank. 
tt: These registers or bits are not physically implemented on the PIC16C73 and are read as 'O'. 

Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8> whose con-

tents are transferred to the upper byte of the program counter. 
2: Other (non power-up) resets include external reset through~ or Watchdog Timer reset. 

3: This bit is reserved for the PIC1 6C73. 
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TABLE 4-1: SPECIAL REGISTERS FOR THE PIC16C74 AND PIC16C73 (CONT.) 

Address Name Bit7 Bit8 Bits Bit4 Bit3 Bit2 Bit1 BltO 

Bank 1 

sot INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 

81 OPTION mP0 INTEDG TOCS TOSE PSA PS2 PS1 PSO 

82t PCL Program Counter's (PC's) Least Significant Byte 

83t STATUS IRP RP1 RPO TO ~ z DC c 
84t FSR Indirect data memory address pointer 

85 TRISA PORTA Data Direction Register 

86 TRISB PORTB Data Direction Register 

87 TRISC PORTC Data Direction Register 

sett TRISD 

Value on Value on all 
Power-On other resets 

Reset (Nola 2) 

11111111 11111111 

0000 0000 00000000 

00011XXX 000? ?uuu 

xxxx xxxx uuuu uuuu 

-111111 -111111 

11111111 11111111 

11111111 11111111 

11111111 11111111 

0000-111 0000-111 

---00000 ---00000 

OOOOOOOx ooooooou 

00000000 00000000 

• -----0 ----0 

--0- ----u-

11111111 11111111 

0000 0000 0000 0000 

-00 0000 --00 0000 

0000-010 0000-010 

0000 0000 0000 0000 

--- -000 --- -000 

Legend: x = unknown, u = unchanged, ? =value depends on condition, shaded locations are unimplemented and read as 'O' 
t: These registers can be addressed from either bank. 
tt: These registers or bits are not physically implemented on the PIC16C73 and are read as 'O'. 

Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8> whose con
tents are transferred to the upper byte of the program counter. 

2: other (non power-up) resets include external reset through~ or Watchdog Timer reset. 
3: This bit is reserved for the PIC16C73. 
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TABLE 4-2: SPECIAL REGISTERS FOR THE PIC16C71 

Address Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 BitO 

Banko 

oot INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 

01 TMRO TimetO 

02t PCL Program Counter's (PC's) Least Significant Byte 

03t STATUS IRP RP1 RPO TO z DC c 
04t FSR Indirect data memory address pointer 

PORTA Data Latch when written: PORTA pins when read 

09t 

OAt PCLATH Write Buffer for the upper 5 bits of the PC 1 

OBt INTCON TOIE INTE RBIE TOIF INTF RBIF 

Bank 1 

INDF 
Bot (indirect Addressing this location uses contents of FSR to address data memory (not a physical register) 

address) 

81 OPTION "FIE!PlJ INTEDG TOCS TOSE PSA PS2 PS1 PSo 

a2t PCL Program Counter's (PC's) Least Significant Byte 

83t STATUS IRP RP1 RPO TO "PD" z DC c 
84t FSR Indirect data memory address pointer 

TRISA PORTA Data Direction Register 

SAt PCLATH Write Buffer for the upper 5 bits of the PC 1 

SBt INTCON INTE RBIE TOIF INTF RBIF 

Value on Value on all 
Power-On other resets 

Reset (Note 2) 

00000000 00000000 

xxxx xxxx uuuu uuuu 

00000000 00000000 

00011xxx 000? ?uuu 

xxxx xxxx uuuu uuuu 

·-XXXXX ···U UUUU 

xxxx xxxx uuuu uuuu 

00-0 0000 00-0 0000 

xxxx xxxx uuuu uuuu 

---0 0000 ---0 0000 

0000 OOOx 0000 ooou 

00000000 00000000 

11111111 11111111 

00000000 00000000 

00011xxx 000? ?uuu 

xxxxxxxx uuuu uuuu 

--11111 --11111 

11111111 11111111 

-----00 -----00 

xxxxxxxx uuuu uuuu 

---00000 ---00000 

OOOOOOOx ooooooou 

Legend: x = unknown, u =unchanged, ? =value depends on condition, shaded locations are unimplemented and read as 'O' 
t: These registers can be addressed from either bank. 

Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8> whose con
tents are transferred to the upper byte of the program counter. 

2: Other (non power-up) resets include external reset through reCR or Watchdog Timer reset. 
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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 bank select bits for 
data memory. 

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 or C bits, then the write to these three bits is dis
abled. These bits are set or cleared according to the 
logic. Furthermore, the TO and l5D bits are not writ
able. Therefore, the result of an instruction with the 
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 
OOOUU1 UU (where U = unchanged). 

FIGURE 4-5: STATUS REGISTER 

RfW R!W RfW R R RfW RfW RfW 

r IAP 1 RP1 APO] TO] l'O'] Z ] DC] C J 

It is recommended, therefore, that only BCF, BSF, 
SWAPP and MOVWF instructions are used to .alter the sta
tus registers because these instructions do not affect 
any status bit. For other instructions, not affecting any 
status bits, see the "Instruction Set Summary 

Register: STATUS W: 
Addrea: 03h or 83h A: 
POR value: 0001 1XXX U: 

it7 ,.! l blto m. I'!! are uniquely set or cleared 

Writable 
Readable 
Unlmplemen1ed, 
reed as 'O' 

--
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C: Canylborrow bit. 
For ADDWF and ADDLW Instructions. 
1 = A carry-out from the most significant bit of the ~suit occurred. 

Note that a subtraction Is executed by adding the two's 
complemen1 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. 
Nots: For borrow the polarity is reversed. 

DC: Digit canyibOOOW' bit. 
For ADDWF and ADDLW instructions. 
1 = A cany-out from the 4th low order bit of the result occurred. 
o = No cany-out from the 4th low order bit of the result. 
Note: For Borrow the polerlty Is reversed. 

Z: Zero bit. 
1 = The result of an arithmetic or logic operation is zero. 
o = The result of an arithmetic or. logic operation is not zero. 

PO: Power down bit. 
1 = After power-up or by a CLRWDT ocmmand. 
O = By execution of the SLEEP instruction. 

tti: Time-out bit. 
1 = After power-up and by the CLRWDT end SLEEP instruction. 
O = A watchdog timer time-out has occurred. 

RP<1 :O>: Register bank select bits for direct addressing. 

00 = Bank 0 (OOh - 7Fh) 
01 = Bank 1 (80h - FFh) 
10 =Bank 2 (100h- 17Fh) 
11 =Bonk 3 (180h - 1 FFh) 

Each bank is 128 bytes. 
Only the RPO bit Is used by the PIC16C7X. RP1 should be programmed as 'CY. 
Using the RP1 bit as a general purpose read/Write bit is not 
reocmmended, since this may affect upward compatibility with future 
products. 

IRP: Register bank select bits for indirect addressing. 
0 =Bank 0, 1 (OOh - FFh) 
1=Bank2,3 (100h -1FFh) 

The IRP bit is not used by the PIC16C7X. !RP should be programmed as 'O'. 
Use of the IRP btt as a general purpose read.IWrite 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 is a readable and writable regis
ter which contains various control bits to configure the 
TMRO/WDT prescaler, the external INT interrupt, 
TMRO, and the weak pull-ups on PORTS. 

FIGURE 4-6: OPTION REGISTER 

RN/ RN/ Rm RN/ RN/ Rm Rm Rm 
Register: 
Address: 

OPTION W: Writable 
81h A: Readable l "RE!l5U j 1NTEDG1 TOcslTosel PsA_(_ PS~ ps{ PSO J 

bit? bitO 
POR value: FFh U: Unimplemented. 

© 1995 Microchip Technology Inc. 

Read as 'O' 

L::so PRESCALER VALUE TMRORATE WOT RATE 
PS2 PS1 PSO 

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

0 0 
0 1 
1 0 
1 

PSA: Prescaler assignment bit 
1 = Prescaler assigned to the WOT 
O = Prescaler assigned to TMRO 

TOSE: TMRO source edge. 

1 : 2 
1 : 4 

:8 
1 : 16 
1 : 32 

: 64 
: 128 
: 256 

1 = Increment on high-to-low transition on RA4/TOCKI pin 
0 = Increment on low-to-high transition on RA4/TOCKI pin 

TOCS: TMRO clock source. 

1 = Transition on RA4/TOCKl pin 
O = Internal Instruction cycle clock (CLKOUT) 

INTEDG: Interrupt edge select. 

1 = Interrupt on rising edge of ABO/INT pin 
O = Interrupt on falling edge of ABO/INT pin 

RBfSU: PortB pull-up enable. 

1 = PortB pull-ups are disabled overriding any port latch value 
O = PortB pull-ups are enabled by individual port-latch values 

1 
2 
4 
8 
16 
32 
64 
128 

DS30390A-page 2-541 

• 



PIC16C7X 

4.2.2.3 INTCON REGISTER 

The INTCON Register is a readable and writable regis
ter which contains the various enable and flag bits for 
the TimerQ overflow, RB port change and external INT 
pin interrupts. Figure 4-7 shows the bits for the 
INTCON register for the PIC16C74 and PIC16C73. 
Figure 4-8 shows the INTCON register for the 
PIC16C71. 

FIGURE 4-7: INTCON REGISTER FOR PIC16C74 AND PIC16C73 ONLY 

RMI RMI RMI RMI RMI RMI RMI RMI 

l GIE lPEIE lTOIE llNTElRBIE JTotFJtNTF lRBIF J 
b it7 

Li 

to 
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Register: INTCON W: 
Address: OBh or BBh R: 
POR value: 0000 OOOxb U: 

Writable 
Readable 
Unimplemented, 
read as 'O' 

RBIF: RB port change interrupt flag. 
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. 

ABIE: RB port change interrupt enable bil 
1 =Enables RBIF interrupt 
O = Disables RBIF interrupt 

INTE.: I NT interrupt enable bil 
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 
O =Disables all peripheral interrupts 
GIE: Global interrupt enable. 
1 = Enables all un-masked interrupts 
O = Disables all interrupts 
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FIGURE 4-8: INTCON REGISTER FOR PIC16C71 ONLY 

R/W R/W R/W R/W R/W R/W R/W R/W 

[ GIE I ADIE I TOIE I INTE I ABIE J TOIF JiNTF I RBIF J 
it7 Li 

b w 

L_ 
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Register: INTCON W: Writable 
Address: OBh or 8Bh R: Readable 
POR value:OOOO OOOxb U: Unimplemented 

read as 'O' 

RBIF: RB port change interrupt flag. 
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 interrupi 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. 

ABIE: RB port change interrupt enable bit. 
1 =Enables RBIF interrupt 
0 = 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 

ADIE: AJD conversion interrupt enable bit. 

1 = Enable AJD interrupt 
o = Disable AJD interrupt 

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, implemented on the PIC16C74 and 
PIC16C73 only, contains the individual enable bits for 
the Peripheral interrupts (see Figure 4-9). 

FIGURE 4-9: PIE1 REGISTER FOR PIC16C74 AND PIC16C73 ONLY 

RfW RM/ RMI RMI RMI RM/ RM/ RM/ 

l PSPIE l ADIE l RCIE l TXIE l SSPIE l CCP11E l TMR21E l TMR1 IEJ 

w ["" 

t This bit is reserved on the PIC16C73 
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Register: PIE1 W: Writable 
Address: 8Ch R: Readable 
POR value: OOh U: Unimplemented, 

read as 'O' 

TMR11E: Timer1 interrupt enable bit. 

1 = Enables TM R 11 F interrupt. 
O = Disables TMR1 IF interrupt. 

TMR21E: Timer2 interrupt enable bit. 

1 = Enables TM R21 F interrupt. 
O = Disables TMR21F interrupt. 

CCP1 IE: CCP 1 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. 

TXIE: Serial communication interface transmit 
interrupt enable bit. 

1 = Enables TXIF interrupt. 
O = Disables TXIF interrupt. 

RCIE: Serial communication interface receive 
interrupt enable bit. 

1 =Enables RCIF interrupt. 
O = Disables RCIF interrupt. 

ADIE: A/D converter interrupt enable bit. 

1 = Enables ADIF interrupt. 
o =Disables ADIF interrupt. 

t PSPIE: Parallel slave port interrupt enable bit. 

1 = Enables PSPIF interrupt. 
0 = Disables PSPIF interrupt. 

© 1995 Microchip Technology Inc. 



4.2.2.5 PIR1 REGISTER 

This register, implemented on the PIC16C74 and 
PIC16C73 only, contains the individual flag bits for the 
Peripheral interrupts (see Figure 4-10). 

PIC16C7X 

FIGURE 4-10: PIR1 REGISTER FOR PIC16C74 AND PIC16C73 ONLY 

R/W R/W R R R/W R/W R/W R/W 

[ PSPIF I ADl1RCl1 TXl1 SSPIFI CCP11FI TMR21FI TMR11F 

bit7 bitO 

'----

t This bit is reserved on the PIC16C73 
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Register: PIR1 
Address: OCh 
POR value: OOh 

W: Writable 
R: Readable 
U: Unimplemented, 

read as 'O' 

TMR11F: 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. 
PWM Mode 

Unused 

SSPIF: Synchronous serial port. 

1 =A transmission/reception is completed. 
Must be cleared in software. 

O = Waiting to transmit/receive. 

TXIF: Serial communication interface transmit 
interrupt flag. 

1 = Transmit buffer is empty. 
O =Transmit buffer is full. 

RCIF: Serial communication interface receive 
interrupt flag. 

1 = Receive buffer is lull. 
O = Receive buffer is empty. 

ADIF: AID conversion complete interrupt flag. 
1 = An AID conversion has completed. 
O =An AID conversion has not completed. 

t 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 PIE2 REGISTER 

This register, implemented on the PIC16C74 and 
PIC16C73 only, contains the individual enable bit for 
the Peripheral Interrupts (see Figure 4-11). 

FIGURE 4-11: PIE2 REGISTER FOR PIC16C74 AND PIC16C73 ONLY 

u u u u u u u 

bit? 
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R/W 

CCP21E 

bi to 

Register: Pl E2 
Address: 8Dh 
POR value: OOh 

W: Writable 
R: Readable 
U: Unimplemented, 

read as'O' 

CCP21E: CCP2 interrupt enable bit 
1 = Enables CCP21F interrupt 
O = Disables CCP21 F interrupt 

Unimplemented, read as 'O'. 
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4.2.2.7 PIR2 REGISTER 

This register, implemented on the PIC16C74 and 
PIC16C73 only, contains the individual flag bit for the 
Peripheral interrupts (see Figure 4-12). 

PIC16C7X 

FIGURE 4-12: PIR2 REGISTER FOR PIC16C74 AND PIC16C73 ONLY 

u u u u u u u R/W 

I CCP21F I 
bit? 
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Register: PIR2 
Address: ODh 
POR value: OOh 

W: Writable 
R: Readable 
U: Unimplemented, 

read as 'O' 

CCP21F: Capture2/Compare2/PWM2 interrupt 

Cap tu re Mode 
1 = A nmer1 capture has occurred. 

Must be cleared by sortware. 
o = No nmer1 capture occurred. 

Compare Mode 
1 = A Timer1 compare match has occurred. 

Must be cleared by sortware. 
o = No nmer1 compare match occurred. 

PWMMode 
Unused 

Unimplemented, read as 'O'. 
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4.2.2.8 PCON REGISTER 

The Power Control (PCON) register, implemented on 
the PIC16C74 and PIC16C73only, contains a flag bitto 
allow differentiation between a Power-on Reset to an 
external J.ilCrn reset orWDT reset (see Figure 4-13). 

FIGURE 4-13: PCON REGISTER FOR PIC16C74 AND PIC16C73 ONLY 

u u u u u u PJW 

bit? 
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PJW 
Register: PCON W: Writable 
Address: 8Eh R: Readable 

bitO POR value: OOh U: Unimplemented, 
read as 10' 

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. 

~: 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'. 
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4.3 PCL and PCLATH 

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. 
PCLATH is a holding register for PC<15:8> where con
tents are transferred to the upper byte of the program 
counter. 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 4-14. 

FIGURE 4-14: LOADING OF PC IN 
DIFFERENT SITUATIONS 

PCH PCL 

12 8 7 0 

PC I I ll)l!>I wi!b EQL 

ti: ~ ALU result 

PC LATH 

PCH PCL 

12 11 10 8 7 0 

PC (OQIQ QALL 

l 11 
Opcode <10:0> 

PC LATH 

4.3.1 COMPUTED GOTO 

When doing a table read using a computed GOTO 
method, care should be exercised tt the table location 
crosses a PCL memory boundary (each 256 byte 
block). Refer to the application note "Table Using the 
PIC16CXX"(AN556). 

4.3.2 STACK 

The PIC16CXX has an 8 deep x 13-bit wide hardware 
stack (see Figure 4-1 and Figure 4-2). 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. PCLATH is not affected by a "PUSH" or a 
"POP" operation. 

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). 
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4.3.3 PROGRAM MEMORY PAGING 

The PIC16C74 and PIC16C73 have 4K 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 2K program memory page 
size. To allow CALL and GOTO instructions to address 
the entire 4K program memory address range, there 
must be another bit to spectty the program memory 
page. This paging bit comes from the PCLATH<3> bit 
(see Figure 4-14). When doing a CALL or GOTO instruc
tion, 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 exe
cuted, the entire 13-bit PC is pushed onto the stack. 
Therefore, manipulation of the PCLATH<3> is not 
required for the return instructions (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). 
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EXAMPLE 4-1: CALL OF A SUBROUTINE IN 
PAGE 1 FROM PAGE 0 

ORG OXSOO 
BSF PCLATH, 3 ; Select page 1 (800h-FFFh) 
CALL SUBl_Pl 

ORG OX900 
SUBl Pl : 

RETURN 

Call subroutine in 
page 1 (800h-FFFh) 

called subroutine 
page 1 (800h-FFFh) 

return to page 0 
(000h-7FFh) 

4.4 Indirect Addressing. INDF and FSR 
Registers 

The INDF register is not a physical register. Addressing 
the INDF register will cause indirect addressing. 

Indirect addressing is possible by using the INDF regis
ter. Any instruction using the INDF register actually 
accesses data pointed to by the file select register 
(FSR). Reading INDF itself indirectly will produce OOh. 

FIGURE 4-15: DIRECT/INDIRECT ADDRESSING 

Direct Addressing 

RP1 RPO 6 from opcode O 

II I I ~~, l.-'---,..--1 ~I 
'--v--.l 

'~-------4~-----· 00 01 

bank select location select ~ 

00 .-----..----

Data 
Memory 

10 

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 
8-bit FSR register and the IRP bit (STATUS<?>), as 
shown in Figure 4-15. However, IRP is not used in the 
PIC16C7X. 

A simple program to clear RAM location 20h-2Fh using 
indirect addressing is shown in Example 4-2. 

EXAMPLE 4-2: INDIRECT ADDRESSING 

NEXT 

CONTINUE: 

11 

movlw 
movf 

clrf 

inc 

btfss 

goto 

IRP 

Ox20 ;initialize pointer 
FSR ;to RAM 

INDF ;clear INDF register 

FSR ;inc pointer 

FSR,4 ;all done? 

NEXT ;no clear next 

;yes continue 

7 

Indirect Addressing 

FSR 00 

bank select 

J """00 """ ..._; 
00 

~4t-------~ 

7F 

Bank 0 Bank 1 Bank 2 Bank 3 

Note: For memory map detail see Figure 4·3. and Figure 4-4 
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5.0 VO PORTS 
The PIC16C74 has five ports, PORTA through PORTE, 
PIC16C73 has three ports, PORTA through PORTC, 
and PIC16C71 has two ports, PORTA and PORTB. 
These ports pins may be multiplexed with an alternate 
function tor the peripheral features on the device. 

5.1 PORTA and TRISA Registers 

PORTA is a 6-bit wide latch tor the PIC16C74 and 
P!C16C73 and is a 5-bit wide latch tor the PIC16C71. 
RA4 is a Schmitt trigger input and an open collector out
put. 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 out
put or input. 

A '1' in the TRISA register puts the corresponding out
put driver in a high impedance mode. A 'O' in the TRISA 
register puts the contents of the output latch on the 
selected pin(s). 

Reading PORTA register reads the status of the pins 
whereas writing to it will write to the port latch. All write 
operations are read-modify-write operations. So a write 
to a port implies that the port pins are first read, then 
this value is modified and written to the port data latch. 

Port RA4 is multiplexed with TMRO clock input. 

FIGURE 5-1: BLOCK DIAGRAM OF 
RA<3:0> (AND RA<5> ON THE 
PIC16C7 4/PIC16C73) PINS 

Data 
bus 
-~o---<D 

"WR 
PORT" 

"WR 
TRIS" 

To ND Converter 

a 

EN 

Note: 1/0 pins have protection diodes to Voo and Vss 
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Other PORTA pins are multiplexed with analog inputs 
and analog VREF input. The operation of these pins is 
selected by control bits in ADCON1 (AID control 
register1). 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 keap the pins configured as inputs when 
using them as analog inputs. 

EXAMPLE 5-1: INITIALIZING PORTA 
CLRF PORTA ;Initialize PORTA by setting 

; output data latches 

BSF STATUS, RPO ;Select Bankl 

MOVLW OxCF 

MOVWF TRISA 

;Value used to initialize 

;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 Q 

D a 

CK'-. Q 

TRIS Latch 

"RD 
TRISA" 

~ 

Vss 

Schmitt 
trigger 
input 
buffer 

Q D 

EN 

Note: 1/0 pin has protection diodes to Vss only. 
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TABLE 5-1: PORTA FUNCTIONS 

Name BitO Buffer Type Function 

RAO/ANO bltO TTL lnpuVoutput or analog input 

RA1/AN1 blt1 TTL lnpuVoutput or analog input 
RA2/AN2 blt2 TTL lnpuVoutput or analog input 

RA3/ AN3NREF blt3 TTL lnpuVoutput or analog inpuWREF 

RA4/TOCKI bit4 ST lnpuVoutput or external clock input forTMRO. 
Output is open collector type. 

RAS/ AN4/SS 1 bit5 TTL lnpuVoutput, slave select input for synchronous serial port, or analog 
input. 

Legend: TTL= TIL input, ST= Schmitt trigger input 

TABLE 5-2: SUMMARY OF PORTA REGISTERS 

Register 
Function Address Power-on Reset Value Name 

PORTA PORTA pins when read 05h --xx xxxx1 

PORTA data latch when written 
TRISA PORTA data direction register 85h --11 11111 

0 = output, 1 = input 
ADCON1 PORTA Analog or Digltal configuration 9Fh \14173) 0000 0000 

88h (71) 

Legend: x =unknown, - =unimplemented, read as a 'O'. For reset values of registers in other reset situations refer to Table 14-7. 
Note 1: The PIC1 6C71 does not have PORTA or TR ISA bit 5, read as 'O'. 
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5.2 PORTS and TRISB Registers 

PORTB is an 8-bit wide bidirectional port (file register 
address 06h). The corresponding data direction regis
ter is TRISB (address 86h). A '1' in the TRISB register 
puts the corresponding output driver in a high imped
ance mode. A 'O' in the TRISB register puts the contents 
of the output latch on the selected pin(s). 

EXAMPLE 5-2: INITIALIZING PORTS 
CLRF PORTE 

BSF STATUS, RPO 

MOVLW OxCF 

MOVWF TRISB 

Initialize PORTE data 

latches before setting 

the data direction 

register 

Select Bankl 

Value used to initialize 

data direction 

Set RB<3:0> as inputs 

RB<5:4> as outputs 

RBZZ<7:6> as inputs 

Each of the PORTB pins has a weak internal pull-up. A 
single control bit can turn on all the pull-ups. This is 
done by clearing the RBPU (OPTION<?>) bit. The 
weak pull-up is automatically turned off when the port 
pin is configured as an output. The pull-ups are dis
abled 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 con
figured 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>). 

This interrupt can wake the device up from SLEEP. The 
user, in the interrupt service routine, can clear the inter
rupt in one of two ways: 

a) Disable the interrupt by clearing RBIE 
(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 Control Handbool(). 
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The interrupt on change feature is recommended for 
wake-up on key depression operation and operations 
where PORTB is only used for the interrupt on change 
feature. Polling of PORTB is not recommended while 
using the interrupt on change feature. 

FIGURE 5-3: BLOCK DIAGRAM OF 
RB<7:4> PINS 

PORT/PERIPHERAL Select 

Peripheral data-out 

Data bus 

PERIPHERAL 

OE 

Peripheral input 

Notes: 1 . ~Y~ill'~:;da~~ilp~~~~?~\~~jects between 

2. Peripheral OE (output enable) is only activated 
if peripheral select is active. 

3. 110 pins have diode protection to VDD and Vss. 

FIGURE 5-4: BLOCK DIAGRAM OF 
RB<3:0> PINS 

Data bus 

"WR Port" 

"WR TRIS" 

"RD TRIS' 

'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. 

"AD Port" 
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TABLES-3: PORTB FUNCTIONS 

Name Bit Buffer Type Function 

RBO/INT bitO TTUSTt lnpuVoutput pin or external interrupt input. Internal software 
programmable 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 bits 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. Serial programming clock. 

RB7 bit7 TTUST:j: lnpuVoutput pin (with interrupt on change). Internal software programmable 
weak pull-up. Serial programming data. 

Legend: TIL =TTL input, ST= Schmitt Trigger 
t This buffer is a Schmitt trigger input when configured as the external interrupt. 
:I: 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 data latch when written 

TRISB PORTB data direction register 86h 
O =output, 1 = input 

OPTION Weak pull-up on/off control (mJ50 bit) 81h 

Power-on Reset Value 

xxxx xxxx 

1111 1111 

1111 1111 

Legend: x =unknown, - =unimplemented, read as a 'O'. For reset values of registers in other reset situations refer to Table 14-7. 
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5.3 PORTC and TRISC Registers 

PORTC is an 8-bit bidirectional port available in the 
PIC16C74 and PIC16C73 only. 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 5-3: 
CLRF PORTC 

INITIALIZING PORTC 
; Initialize PORTC data 

latches before setting 

the data direction 

register 

BSF STATUS, RPO ; Select Bankl 

MOVLW OxCF 

MOVWF TRISC 

TABLE 5-5: 

Name 

; Value used to initialize 

; data direction 

; Set RC<3: 0> as inputs 

RC<5:4> as outputs 

RC<7:6> as inputs 

PORTC FUNCTIONS 

Bit Buffer Type 

PIC16C7X 

FIGURE 5-5: PORTC BLOCK DIAGRAM 

PORT/PERIPHERAL Select 

Data bus 

PERIPHERAL 

OE 

Notes: 1 Port'Peripheral select signal selects between 
port data and peripheral output. 

"RD Port" 

2. Peripheral OE (output enable) is only activated 
if peripheral select 1s active. 

3. 1/0 pins have diode protection to Voo and Vss. 

Function 

RCO/T10SO/T1CKI bitO ST Input/output port pin or Timer1 oscillator output!Timer1 clock input 

RC1/T1 OSl/CCP2 bit1 ST Input/output port pin, Timer1 oscillator input, Capture 2 input/Compare 
2 output/PWM 2 output 

RC2/CCP1 M2 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/TX/CK bit6 ST Input/output port pin, SCI Asynchronous Transmit, or SCI 
Synchronous Clock 

RC7/RX/DT bit? ST Input/output port pin SCI Asynchronous Receive, or SCI Synchronous 
Data 

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 O?h xxxx xxxx 
PORTC data latch when written 

TRISC PORTC data direction register 87h 1111 1111 
O = output, 1 = input 

Legend: x =unknown, - =unimplemented, read as a 'O'. For reset values of registers in other reset sttuations refer to Table 14-7. 
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5.4 PORTO and TRISD Registers 

PORTO is an 8-bit port with Schmitt trigger input buffers 
available in the PIC16C74 only. Each pin is individually 
configurable as input or output. 

FIGURE 5-6: PORTO BLOCK DIAGRAM 
(IN VO PORT MODE) 

PORTO can be configured as an 8-bit wide micropro
cessor port (or parallel slave port} by setting control bit 
PSPMOOE (TRISE<4>). In this mode, the input buffers 
areTIL. 

Data Data Latch 
bus 
-~...--.D a 
"WR 
PORT" 

"WR 

CK'L Q 

TRIS Latch 

D Q 

_T_Rl_S_" +-•CK'L Q 

"RD 
TRIS" 

Schmitt 
Trigger 

l/Opin 

Note: 1/0 pins have protection diodes to Voo and Vss. 

TABLE 5-7: PORTO FUNCTIONS 

Name Bit Buffer Type Function 

ROOfPSPO bitO ST/TTL lnputfoutput port pin or parallel slave port bit 0 

R01fPSP1 bit1 ST/TTL lnputfoutput port pin or parallel slave port bit 1 

R02/PSP2 bit2 ST/TTL lnputfoutput port pin or parallel slave port bit 2 

R03fPSP3 bit3 STfTTL lnputfoutput port pin or parallel slave port bit 3 

R04/PSP4 bit4 STfTTL lnputfoutput port pin or parallel slave port bit 4 

R05/PSP5 bit5 ST/TTL lnputfoutput port pin or parallel slave port bit 5 

R06/PSP6 bit6 ST/TTL lnputfoutput port pin or parallel slave port bit 6 

R07/PSP7 bit7 STfTTL lnputfoutput port pin or parallel slave port bit 7 

Legend: ST= Schmitt Trigger Input when configured for general purpose 1/0, TTL= TTL input when configured for Parallel Slave 
Port (PSP). 

TABLE 5-8: SUMMARY OF PORTO REGISTERS 

Register Name Function Address Power-on Reset Value 

PORTO PORTO pins when read 08h )()()()( )()()()( 

PORTO data latch when written 

TRISO PORTO data direction register 88h 1111 1111 
0 = output, 1 = input 

Legend: x = unknown, -= unimplemented, read as a 'O'. For reset values of registers in other reset situations refer to Table 14-7. 
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5.5 PORTE and TRISE Register 

PORTE is available on the PIC16C74 and has three 
pins RED, RE1 and RE2, which are individually config
urable as inputs or outputs. These have Schmitt trigger 
input buffers. 

1/0 PORTE becomes control inputs for the micropro
cessor 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) and that ADCON1 is configured for digital 110. 
In this mode the input buffers are TTL. 

Figure 5-8 shows the TRISE register, which also con
trols the parallel slave port operation. 

PORTE pins are multiplexed with analog inputs. The 
operation of these pins is selected by control bits in 
ADCON1 (AID register 1). When selected as an analog 
input, these pins will read as 'O's. 

TRISE controls the direction of the RE 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. 

FIGURE 5-8: TRISE REGISTER 

R R RNI u RN/ 

PIC16C7X 

FIGURE 5-7: PORTE BLOCK DIAGRAM (IN 
VO PORT MODE) 

Data Data Latch 
bus 
---------< D Q >--------< 

"WR 
PORT" 

CK'l. 0 

TRIS Latch 

D Qf----.~ 

"WR 
_TR_l_s·-+--CK 'l_ a 

"RD 
TRIS" 

Schmitt rd 
Trigger 

>------<Q D 

EN 

l/Opin 

[ IBF J osF}sovJPsPMODEJ -J TR1sE2 J TRISE1 I TRISEo] 
Register: TRISE 
Address: 89h 
POR value: 07h 

W: Writable 
R: Readable 
U: Unimplemented, read as 'O' 

bi t7 bi to 

'--
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TRISEO: Direction control bit for port pin REO 

1 =Input 
0 =Output 

TRISE1: Direction control bit for port pin RE1 

1 =Input 
O =Output 

TRISE2: Direction control bit for port pin RE2 
1 =Input 
O =Output 

Unimplemented. 

Read as 'O' 

PSPMODE: Selects parallel slave port mode for ports 
RD and RE. 

1 = Parallel slave port mode. 
O = General purpose 1/0. 

IBOV: Input buffer overflow in microprocessor mode. 

1 = A write occurred when a previous input word has 
not been read. 
Must be cleared in software. 

O = No overflow has occurred. 

OBF: Output buffer full. 

1 = The output buffer still holds a previously written word. 
O = 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!Rl5/AN5 bitO ST/TTL Input/output port pin, Read control input in parallel slaveport mode, or 
analog input 

RD 
1 = Not a read operation 
0= Read operation. The system reads the PIC16C74 PORTO 

register (if chip selected) 

RE1/WR/AN6 bit1 ST/TTL Input/output port pin, Write control input in parallel slaveport 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 ST/TTL Input/output 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 when configured for general purpose 1/0, TTL= TTL input for Parallel Slave Port (PSP). 

TABLE 5-10: SUMMARY OF PORTE REGISTERS 

Register Name Function Address Power-on Reset Value 

PORTE PORTE pins when read 09h ---- -xxx 
PORTE data latch when written 

TRISE PORTE data direction control bits and 89h 0000 -111 
PORTO mode control 

ADCON1 PORTE Analog or Digital configuration 9Fh 0000 0000 

Legend: x =unknown, -=unimplemented, read as a 'O'. For reset values of registers in other reset situations refer to Table 14-7. 
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5.6 

5.6.1 

VO Programming Considerations 

BIDIRECTIONAL 1/0 PORTS 

Any instruction which writes, operates internally as a 
read followed by a write operation. 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 lo 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 (e.g., bit 
0) and it is defined as an input at this time, the input sig
nal 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. 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 
instructions (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 5-4 shows the effect of two sequential read 
modify write instructions (ex.BCF, BSF, etc.) on an 1/0 
PORT. 

FIGURE 5-9: SUCCESSIVE 1/0 OPERATION 

PIC16C7X 

EXAMPLE 5-4: READ MODIFY WRITE 
INSTRUCTIONS ON AN 
VO 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 PORTE, 7 ; Olpp pp pp llpppppp 
BCF PORTB, 6 ; !Opp pp pp llpppppp 
BSF STATUS,RPO 
BCF TRI SB, 7 ; !Opp pp pp llpp pppp 
BCF TRI SB, 6 ; !Opp pp pp lOpppppp 

;Note that the user may have expected the pin 
;values to be OOpp pppp. The 2nd BCF caused 
; RB? to be latched as the pin value (High). 

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. 

5.6.2 SUCCESSIVE OPERATIONS ON VO 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 
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 another instruction not 
accessing this 1/0 port. 

:ru1~1m1~:rul~lml~:rul~lml~:ru1~1m1~: Note: 

This example shows write to PORTS followed 
by a read from POATB. FC ~ FC ~ PC+1 ~ PC+2 ~ PC+3 

Instruction r MOVWF PORTB r MOVF PORTB. W r NOP NOP 
fetched ' Write to Read PORTB ' 

PORTB 

1 
: tPort pin 

' 1 sampled here 1 
TPD ~l ,,.__ I 

r 

Execute Execute 
MOVWF MOVF 
PORTB PORTB, W 

© 1995 Microchip Technology Inc. 

Execute 
NOP 

Note that: 
data setup time= (0.25 Tcv -TPo) 
where Tcv =instruction cycle and TPD =prop
agation delay of 01 cycle to output valid. 

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 asynchronously 
readable and writable by the external world through RD 
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 PORTO 
latch as an 8-bit latch. Setting PSPMOOE 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 func
tionality, the corresponding data direction bits of the 
TRISE register (TRISE<2:0>) must be configured as 
inputs (set) and the AID port configuration bits of the 
ADCON1 register (PCFG<2:0>) must be set such that 
RE<2:0> becomes digital 1/0. 

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 PORTO data latch and reads data 
from the port pin latch (note that they have the same 
address). In this mode the TRISO 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 
microprocessor, 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 pre
vious word has not been read by the CPU. It is a 
read/write bit and must be cleared by the CPU. 

When not in PSPMOOE, IBF and OBF bits are held 
clear. 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 interrupt flag must be cleared 
by the CPU and the interrupt can be disabled by clear
ing the interrupt enable bit PSPIE (PIE1<7>). 

FIGURE 5-10: PORTO AND PORTE AS A 
PARALLEL SLAVE PORT 

.. -- ------ - --- -- ---- -- ---- -- -- -- --. 
' ' 1 Data bus 1 

RDx pin 

lTL 

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 

PORTE Parallel slave port Read/Write/Chip Select 
signals 

09h ---- -xxx 

TRISE Control bits for PORTE peripheral 89h 0000 -111 

PIR1 Interrupt register (PSPIF bit) OCh 0000 0000 

PIE1 Interrupt Enable register (PSPIE bit) 8Ch 0000 0000 

Legend: x =unknown, - =unimplemented, read as a 'O'. 
Note: For reset values of registers in other reset situations refer to Table 14-7. 

DS30390A·page 2-560 © 1995 Microchip Technology Inc. 



PIC16C7X 

TABLE 5-12: REGISTERS ASSOCIATED WITH PARALLEL SLAVE PORT 

Address Name Bit 7 Bit& Bit 5 Bit4 Bit3 Bit2 Bit 1 BitO 

08h PORTD PORTD 

09h PORTE 

89h TRISE 

OCh PIR1 

8Ch PIE1 

9Fh ADCON1 

Legend: - = unimplemented locations, read as a 'O'. 
Note: Shaded boxes are not used by Parallel Slave Port module. 

II 
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NOTES: 
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6.0 OVERVIEW OF TIMER 
MODULES 

The PIC16C74 and PIC16C73 have three timer mod
ules. The PIC16C71 has one timer module. Each mod
ule can generate an interrupt to indicate that an event 
has occurred (i.e. timer overflow). Each of these mod
ules is explained in full detail in the following sections. 
The timer modules are: 

• TimerO (TMRO) module (see Section 7.0) 

• Timer1 (TMR1) module (see Section 8,0) 

• Timer2 (TMR2) module (see Section 9.0) 

For enhanced time-based functionality, two additional 
modules can be used with either of the TMR1 orTMR2 
modules. There are: 

• Capture/Compare/PWM1 (CCP1) module (see 
Section 10.0) 

• Capture/Compare/PWM2 (CCP2) module (see 
Section 10.0) 

6. 1 TimerO (TMRO) Overview 

The TMRO module (previously known as RTCC) 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. 

6.2 Timer1 (TMR1) 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 asynchro
nously to the device. Asynchronous operation allows 
TMR1 to operate during sleep, which is useful for appli
cations that require a real time clock as well as the 
power savings of sleep mode. 

© 1995 Microchip Technology Inc. 
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TMR1 also has a prescaler option which allows the 
TMR1 to increment at the following rates: 1 :1, 1 :2, 1 :4, 
1 :8. TM R1 can be used in conjunction with the Capture 
I Compare I PWM (CCP1 or CCP2) module. When 
used with the CCP1or CCP2 module, TMR1 is the time
base for 16-bit capture or the 16-bit compare. When 
using the TMR1 module with the CCP1 or CCP2 mod
ule, TMR1 must be synchronized to the device. 

6.3 Timer2 CTMR2) Overview 

T1mer2 (TMR2) is an 8-bit timer. TMR2 has both a pro
grammable 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 regis
ter (PR2) a programmable number of times before gen
erating an interrupt. The postscaler can be 
programmed from 1 :1 to 1 :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 up to 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 con
trol bits CCPxM3 - CCPxMO. 

PWM mode, compares TM R2 to a 10-bit duty cycle reg
ister as well as to an 8-bit period register (PR2). When 
the TMR2 = PR2, TMR2 is cleared 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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NOTES: 
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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 

• 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 TOCS bit 
(OPTION<5>). In timer mode, the TMRO module will 
increment every instruction cycle (without prescaler). If 
TMRO is written, the increment is inhibited for the fol
lowing two cycles (see Figure 7-2 and Figure 7-3). The 
user can work around this by writing an adjusted value 
to the TMRO module. 

Counter mode is selected by setting the TOCS 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 the TO source 
edge (TOSE) control bit (OPTION<4>). Clearing the 

FIGURE 7-1: TIMERO (TMRO) BLOCK DIAGRAM 

TOCKI 
pin 

~ 
TOSE 

Programmable 
Prescaler 

PIC16C7X 

TOSE bit selects the rising edge. Restrictions on the 
external clock input are discussed 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 the 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. 

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 clear
ing 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 inter
rupt timing. 

Data bus 

PS out s 
Sync with 
Internal TMRO 
clocks 

PSout 
~---~ 

(2 cycle delay) 

PS2,PS1,PSO PSA 
SetTOIF 

Interrupt on 
Overflow TOCS 

Note 1: Bits, TOSE, TOCS, PS2, PS1, PSO and PSA are located in the OPTION register. 
Note 2: The prescaler is shared with Watchdog Timer (refer to Figure 7-6 for detailed diagram) 

FIGURE 7-2: 

PC 

~~~r:~ 
Instruction 
Fetch 

TMRO 

Instruction 
Executed 

TIMERO (TMRO) TIMING: INTERNAL CLOCK/NO PRESCALE 

PC-1 PC PC+1 PC+2 PC+3 PC+4 Pc+s 

: MOVWFTMRO: MOVFTMRO,W :MOVFTMRO,W :MOVFTMRO,W :MOVFTMRO,W :MOVFTMRO.W: 

:::::r.c=x To+1 To+2 NTO NTO i'lTo x : NT0+1 x : 

t t t t t 
WriteTMRO ReadTMRO ReadTMRO ReadTMRO ReadTMRO 
executed reads NTO reads NTO reads NTO reads NTO + 1 

PC+6 

fJT0+2 
d ) 

t 
ReadTMRO 
reads NTO + 2 
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FIGURE 7-3: TIMERO (TMRO)TIMING: INTERNAL CLOCK/PRESCALE 1:2 

:a1lmlas1~:~\a2\as\a•:~\mlm\~:~\m\ml~:~lm\as\~:~1a2\m\a•:~\mlas1~:~\m\as\~: 

PC-1 PC ~ P¢+1 Pc+2 PG+3 PC+4 PC+s PC+s 

Instruction 
Fetch 

: MOVWFTMRO : MOVFTMRO,W : MOVFTMRO,W : MOVFTMRO,W : MOVFTMRO,W : MOVFTMRO,W : 

TMRO 

Instruction 
Execute 

TO T0+1 x 
t t 

WriteTMRO ReadTMAO 
executed reads NTO 

FIGURE 7-4: TIMERO (TMRO) INTERRUPT TIMING 

OSC1 

CLKOUT{3) : __ ~ 

NTO )(: f'IT0+1 

t t t t 
AeadTMAO AeadTMAO ReadTMRO ReadTMRO 
reads NTO reads NTO reads NTO reads NTO+ 1 

TMRO timer r: __ F_E_h_~~~-,_-Fc-;F~h'---~X~~,--OO_h __ ~X~-,--0-1h __ ~X~-,--0-2_h __ ~c 
tCD tCD TOIF bit • 

(INTCON<2>) c..: -----....._~ 

GIEbit 
(INTCON<7>) 

INSTRUCTION Flow 
PC '----P_c'----~X~---'-Pc~+1'--_ __,X~---'-PC-=--'-+1'--_ __,X~--0~004"-"-h'--_ _,X~--'ooo~s~h--~ 

Instruction 
fetched 

Instruction 
executed 

lnst(PC) lnst(PC+1) 

lnst(PC-1) lnst(PC) Dummy cycle 

Note 1:TOIF interrupt flag is sampled here (every 01). 
2: Interrupt latency= 4Tcy where Tcy =instruction cycle time. 
3: CLKOUT is available only in RC oscillator mode. 
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7.2 Using TMRO with External Clock 

When an external clock input is used for TMRO, it must 
meet certain requirements. The external clock require
ment is due to internal phase clock (Tosc) synchroni
zation. Also, there is a delay in the actual incrementing 
of TMRO after synchronization. 

7.2.1 EXTERNAL CLOCK SYNCHRONIZATION 

When no prescaler is used, the external clock input is 
the same as the prescaler output. The synchronization 
of TOCK! with the internal phase clocks is accom
plished by sampling the prescaler output on the 02 and 
04 cycles of the internal phase clocks (see Figure 7 -5). 
Therefore, it is necessary for TOCK! to be high for at 
least 2Tosc (and a small RC delay of 20ns) and low for 
at least 2Tosc (and a small RC delay of 20ns). Refer to 
the electrical specification of the desired device. 

When a prescaler is used, the external clock input is 
divided by the asynchronous ripple counter-type pres
caler so that the prescaler output is symmetrical. For 
the external clock to meet the sampling requirement, 
the ripple counter must be taken into account. There
fore, it is necessary for TOCK! to have a period of at 
least 4 Tosc (and a small RC delay of 40ns) divided by 
the prescaler value. The only requirement on TOCK! 
high and low time is that they do not violate the mini
mum pulse width requirement of 1 Ons. Refer to param
eters 40, 41 and 42 in the electrical specification of the 
desired device. 

7.2.2 TMRO INCREMENT DELAY 

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 mod
ule is actually incremented. Figure 7-5 shows the delay 
from the external clock edge to the timer incrementing. 

© 1995 Microchip Technology Inc. 
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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 exclusive between the 
TMRO module and the Watchdog Timer. Thus, a pres
caler 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 prescale ratio. 

When assigned to the TMRO module, all instructions 
writing to the TMRO module (e.g. CLRF l, 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 pres
caler is not readable or writable. 
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FIGURE 7-5: TIMEROTIMING WITH EXTERNAL CLOCK 

01 I 021 031 04 01 I 021 031 04 01 I 021 031 04 

EXT CLOCK INPUT OR 

PRESCALER OUT (NOTE 2) 1~~........,_---+-' 

EXT CLOCK/PRESCALER 
OUTPUT AFTER SAMPLING f----, 

INCREMENT TMRO (04) 1--------+---~ 

011 021031041 
Small pulse 
misses sampling 

(note3)~ 

TMRO ,__-----+----~~-+-----'~-+----+ ___ , 
Notes: 

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

2. External clock n no prescaler 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) 

~ 
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pin 

TOSE 
TOCS 

Watchdog 
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M SYNC 
0 u 2 
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8-bit Prescaler 

8 
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Time-out 

Note: TOSE, TOCS, PSA, PSO-PS2 are bits in the OPTION register. 

Data Bus 
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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. 

EXAMPLE 7-1: CHANGING PRESCALER 
(TMRO~WDT) 

BCF 
CLRF 
BSF 
CLRWDT 
MOVLW 
MOVWF 
BCF 

STATUS, RPO 
TMRO 
STATUS, RPO 

B'xxxxlxxx' 
OPTION 
STATUS, RPO 

;Bank 0 
;Clear TMRO & Prescaler 
;Bank 1 
;Clears WOT 
;Select new prescaler 
;value 
;Bank 0 

TABLE 7·1: SUMMARY OFTMRO REGISTERS 

Register Name Function 

TMRO Timer/counter register 

OPTION Configuration and prescaler assign-
men! bits forTMRO. See Figure 7-5. 

INTCON TMRO overflow interrupt flag and 
mask bits. See Figure 7-6 

Legend: x =unknown, - =unimplemented, reads as a 'O'. 
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To change prescaler from the WOT to the TMRO mod
ule use the sequence shown in Example 7-2. This pre
caution must be taken even if the WOT is disabled. 

EXAMPLE 7·2: CHANGING PRESCALER 
{WDT~TMRO) 

CLRWDT ;Clear WDT and 
;prescaler 

BSF STATUS, RPO 
MOVLW B 1 xxxxOxxx 1 Select TMRO, new 

prescale value and 

MOVWF 

BCF 

Address 

01h 

81h 

OBh 

OPTION 
STATUS, RPO 

clock source 

Power-on Reset Value 

xxxx xxxx 
1111 1111 

0000 OOOx 

Note: For reset values of registers in other reset situations refer to Table 14-8. 

TABLE 7-2: REGISTERS ASSOCIATED WITHTMRO 

Address Name Bit& BitS 

01h TMRO 

0Bh/8Bh INTCON TOIE 

81h OPTION TOCS 

85h TRISA 

Legend: - = Unimplemented locations, Read as 'O' 
Note: Shaded boxes are not used by TMRO module 

© 1995 Microchip Technology Inc. 
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NOTES: 
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8.0 TIMER1 (TMR1) MODULE 
TMR1 is a 16-bit timer/counter consisting of two 8-bit 
registers (TMR1 H and TM R1 L) which are readable and 
writable. TMR1 increments from OOOOh to FFFFh and 
rolls over to OOOOh. The TMR1 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 TMR1 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 
(T1CON<1>). 

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. 

TMR1 can be turned on or off using the control bit 
TMR10N (T1CON<0>). 

FIGURE 8-1: T1CON :TIMER CONTROL REGISTER 

u u R/W R/W R/W R/W R/W 

PIC16C7X 

TMR1 also has an internal "reset inpuf'. This reset can 
be generated by CCP1 or CCP2 (Capture/com
pare/PWM) module. See Section 10.059 for details. 
Figure 8-1 shows the Timer1 control register. 

When the TMR1 oscillator is enabled (T10SCEN is 
set), the RC1/T10Sl/CCP2 pin becomes an input. That 
is, the TRISC<1> value is ignored. The 
RCO/T1 OSO/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. 

R/W 

Register: 
Address: 

[ -] -] T1CKPS~ T 1CKPS01 T10SCEN1 TfS'71il"C] TMR1C~TMR10~ T1CON W: 
10h R: 
OOh U: 

Writable 
Readable 
Unimplemented, 
read as 'O' ~ [~ 

© 1.995 Microchip Technology Inc. 

PORvalue: 

TMR10N:Timer1 on bit. 

1 = Enables timer1 
0 = Stops timer1 

TMR1CS:Timer1 clock select. 
1 = External clock (RCO/TCKI pin) (rising edge) 
O = Internal clock (OSC/4) 

mYNC: Timer1 external clock input 
synchronization control. 
When TMR1 CS= 1 (Timer1 uses an external clock) 

1 = Do not synchronize external clock input 
0 = Synchronize external clock input 

When TMR1CS = 0 (Timer1 uses the internal clock). 
This bit is ignored. 

T1 OSCEN: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. 

T1 CKPSc1 :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 TMB1 Operation jn 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 TfSYliJC 
(T1 CON<2>) h~ no effect since the internal clock is 
always in sync. 

8.2 TMB1 Operation in Synchronized 
Counter Mode 

Counter mode is selected by setting the TMR1CS bit. 
In this mode the timer increments on fNery rising edge 
of clock input on pin RC1/T10Sl/CCP2 (when 
T1 OSCEN is set) or the RCO/T1 OSO/T1 CKI. 

If 'fiSYNC 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 fNen if external clock is present, since 
the synchronization circuit is shut off. The prescaler 
howfNer will continue to increment. 

FIGURE 8-2: TMB1 BLOCK DIAGRAM 

TMR11F 
Overflow 
Interrupt TMR1H TMR1L 

8.2.1 EXTERNAL CLOCK INPUT TIMING FOR 
SYNCHRONIZED COUNTER MODE 

When an external clock input is used for TMR1 in syn
chronized counter mode, it must meet certain require
ments. The external clock requirement is due to internal 
phase clock (Tosc) synchronization. Also, there is a 
delay in the actual incrementing of TMRO after synchro
nization. 

When the prescaler is 1 :1, the external clock input is the 
same as the prescaler output. The synchronization of 
T1 CKI with the internal phase clocks is accomplished 
by sampling the prescaler output on the 02 and 04 
cycles of the internal phase clocks. Therefore, it is nec
essary for T1CKI to be high for at least 2Tosc (and a 
small RC delay of 20ns) and low for at least 2Tosc (and 
a small RC delay of 20ns). Refer to Figure 17-5, Figure 
18-5 and Figure 19-5, parameters 45 and 46. 

When a prescaler other than 1 :1 is used, the external 
clock input is divided by the asynchronous ripple 
counter-type prescaler so that the prescaler, output is 
symmetrical. In order for the external clock to meet the 
sampling requirement, the ripple counter must be taken 
into account. Therefore, it is necessary for T1 CKI to 
have a period of at least 4Tosc (and a small RC delay 
of 40ns) divided by the prescaler value. The only 
requirement on T1CKI high and low time is that they do 
not violate the minimum pulse width requirements of 
10ns). Refer to Figure 17-5, parameters 45, 46, and 47, 
and Figure 19-5, 40, and 42. 

oi..-~~-S-4-nc_h_ro_ni_zed~~ 
clock Input 

~ ----- -. TMR10N 
on/off 

RCO/ 
T10SO/ 
T1CKI 

RC1/ 
T10SI/ 
CCP2 . ------ . 

OSC/4 
Internal 
Clock 

0 

Prescaler 
1, 2,4, 8 

}2 
TMR1CS T1CKPS<1:0> 

Synchronize 

Jdet 

Sleep input 

t When the T10SCEN bit is cleared, the inverter and feedback resistor are turned off. This eliminates power dtain. 
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8.3 TMR1 Operation in Asynchronous 
Counter Mode 

If the control bit T1 SYNC is set, the external clock input 
is not synchronized. The timer continues to increment 
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 TISVlilC is set, the timer will increment completely 
asynchronously. The input clock must meet a certain 
minimum high time and low time requirements, as 
specified in timing parameter. 

8.3.2 READING AND WRITING TIMER1 IN 
ASYNCHRONOUS COUNTER MODE 

Reading TMR1 H or TMR1 L while the timer is running 
from an 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. 

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. 

© 1995 Microchip Technology Inc. 
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EXAMPLE 8-1: READING A 16-BIT 
FREE-RUNNING TIMER 

All Interrupts are disabled 
MOVF TMRlH, W ;Read high byte 
MOVWF TMPH 
MOVF TMRlL, w ;Read low byte 
MOVWF TMPL 
MOVF TMRlH, w ; Read high byte 
SUBWF TMPH, w ;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, W 
MOVWF TMPH 
MOVF TMRlL, W 
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 
Onput) 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 
selection 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: 

OscType 

LP 

CAPACITOR SELECTION 
FOR THE TIMER1 
OSCILLATOR 

Freq C1 C2 

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.SV, C1 = C2 .. 30pf is recommended. 
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8.5 ResettingTimer1 using a CCPTrigger 
Q.u.ti2Yt 

If CCP1 or CCP2 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 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. 

8.6 ResQtting ofTimer1 Registers 

TMR1H and TMR1L registers are not reset on POR or 
any other reset except by the CCP1 special reset trig
ger. 

T1CON register is reset to OOh on Power-on Reset. In 
any other reset, the register is unaffected. 

8.7 TMR1 Prescaler 

The prescaler counter is cleared on writes to the 
TMR1H orTMR1L registers 

TABLE 8-2: REGISTERS ASSOCIATED WITHTMR1 AS A TIMER/COUNTER 

Address Name 

01 INTCON 

OC PIR1 

SC PIE1 

OE TMR1L Timer1 Least Significant Byte 

OF TMR1H nmer1 Most Significant Byte 

10 T1CON T1CKPS1 T1CKP.SO T10SCEN T11NSYNC TMR1CS TMR10N 

Legend: - = Unimplemented locations, Read as 'O' 
Note: Shaded boxes are not used by Timer1 module. 

t This bit is reserved on the PIC16C73. 
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9.0 TIMER2 (TMR2) MODULE 
Timer2 is an 8-bit timer with 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, and is cleared on any device 
reset. 

The input clock (OSC/4) has a prescale option of 1, 4 or 
16 (selected by control bits T2CKPS1, T2CKPSO, of 
register T2CON). 

Timer2 has an 8-bit period register PR2. Timer2 incre
ments from OOh until it matches PR2 and then resets to 
OOh on the next increment cycle. PR2 is a readable and 
writable register. The P R2 register is set to all 1 s during 
a reset. 

The overflow (or match) output of TMR2 goes through 
a 4-bit postscaler (which gives a 1 :1 to 1 :16 scaling) to 
generate a Timer2 interrupt (latched in TMR21F bit, 
PIR<1>). 

TMR2 can be shut off using TMR20N (T2CON<2>) 
control bit to minimize power consumption. 

Figure 9-2 shows the TMR2 control register. 

PIC16C7X 

9.1 TMR2 Prescaler and Postscaler 

The prescaler and postscaler counters 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, ~ reset, or Watchdog 
Timer reset). TMR2 will not clear when T2CON is writ
ten, only for a WOT, POR, and MCLR 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 

~"tiR~ffJ 
Prescaler 
1, 4, 16 

2 

• TMR2 output can be software selected by the SSP 
module as baud clock. 

OSC/4 

FIGURE 9-2: T2CON: TIMER2 CONTROL REGISTER 

u R/W R/W 

TOUTPS3 TOUTPS2 TOUTPS1 TOUTPSO TMR20N T2CKPS1 T2CKPSO 

bl7 bitO 

© 1995 Microchip Technology Inc. 

Register: T2CON W: 
Address: 12h R: 
POR value: OOh U: 

Writable 
Readable 
Unimplemented, read as 'O' 

T2CKPSc1 :Cl>: Timer2 clock prescaler select. 
00 = Prescaler is 1 
01 = Prescaler Is 4 
1x = Prescaler is 16 

TMR20N: Timer2 on/off control. 
1 =TMR21son 
0 = TMR21soff 

TOUTPSc3:0>: Timer2 output pcstscale select 

0000 = Postscaler Is 1 
0001 = Postscaler is 2 

1111 = Postscaler is 16 

Unimplemented. 
Read as 'O' 
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TABLE 9-1: REGISTERS ASSOCIATED WITHTIMER2 AS ATIMER/COUNTER 

Address Name 

OBh INTCON 

OCh PIR1 

8Ch PIE1 

11h TMR2 

12h T2CON TOUTPS2 TOUTPS1 

92h PR2 limer2 period Register. 

Legend: - = Unimplemented locations, read as 'O' 
Note: Shaded boxes are not used by Timer2 module. 

t This bit is reserved on the PIC16C73. 
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10.0 CAPTURE/COMPARE/PWM 
MODULE 

The PIC16C7)( has two Capture/Compare/PWM (CCP) 
modules consisting of a 16-bit register which can oper
ate as a 16-bit capture register, as a 16-bit compare 
register or as a PWM output. (Both the CCP1 and 
CCP2 modules are identical in operation, with the 
exception of the special trigger.) In the following sec
tions, the operation of a CCP module is described 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 moc:lule: 

Capture/compare/PWM register2 (CCPR2) is made up 
of two 8-bit sections: low byte, CCPR2L and high byte, 
CCPR2H. Both are readable and writable. The interac
tion of multiple CCP modules is discussed in applica
tion note AN594. 

FIGURE 10-1: CCP1CON/CCP2CON REGISTER 

u u R/W R/W R/W R/W R/W 

CCPxX CCPxY CCPxM3 CCPxM2 CCPxM1 

tit7 

© 1995 Microchip Technology Inc. 
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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 
(PIR1<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 corresponding TRIS bit. 

When the capture mode is changed, a false capture 
interrupt may be generated. The user should keep 
CCP1 IE clear to avoid false interrupts and should clear 
the CCP1 IF bit following any such change in operating 
mode. 

R/W 

CCPxMO 

bitO 

Register: CCP1 CON W: 
Address: 17h R: 
Register: CCP2CON U: 
Address: 1Dh 
POR value: OOh 

Writable 
Readable 
Unimplemented 

CCPxM <3:0>: CCPX mode select. 

0000 = capture/compare/PWM off 
(Resets CCPX 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) 

1010 =Compare mode, generate software 
interrupt on match (CCPxlF bit is set). 
CCPX pin Is unaffected 

1011 =Compare mode, trigger special event 
- CCP1 resets TMR1 

11XX = PWM mode 

CCPxX:CCPxY: Two low order bits. 

capture mode : Unused 

Compare mode : Unused 

fWM..mll!ll! : 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, read as 'O'. 

DS30390A-page 2-577 

• 



PIC16C7X 

10.1.1 PRESCALER 

There are four prescaler settings, 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 prescal
ers. 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 and CCP ON 

MOVWF CCPlCON Load CCPlCON with 
this value 

10.1.2 TMR1 MODE SELECTION 

TMR1 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 BLOCK 
DIAGRAM 

SetCCPxlF 
PIR<2> 

Q's CCPCONx<3:0> 
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CCPRxL 

TMR1L 

10.2 Compare Mocle 

In compare mode, the 16-bit CCPR1 register value is 
constantly compared against the TMR1, When a match 
occurs, the RQ2/CCP1 pin is: " 

Driven High 

• Driven Low 

• Remains Unchanged 

The action on the pin· is based on the control bits 
CCP1M <3:0> in register CCP1CON. At the same 
time, a compare interrupt is also generated. 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 inter
rupt is generated. 

10.2.3 SPECIAL lRIGGER 

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 TMR1. 
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 con
version (if the AID module is on) and resets Timer1. 
This allows AID conversions to be done at a constant 
(sampling) frequency without software overhead. 

FIGURE 10-3: COMPARE MODE 
OPERATION BLOCK 
DIAGRAM 

Special event t 

.i 
I-

SetCCPxlF 
PIR<2> 

TRISC<Y> CCPxCON<3:0> 
Output Enable Mode Select 

t For CCP1 (ff enabled). reset nmer1. 
For CCP2 (II enabled), reset Timer1 
and 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 out
put. This pin must be configured as an output through 
the TRISC<2> bit. The pin is multiplexed with the data 
latch. In PWM mode, the user writes the 8-bit 
duty-cycle value to the low byte of the CCPR1 register, 
namely CCPR1L. The high-byte, CCPR1H is used as 
the slave buffer to the low byte. The 8-bit data is trans
ferred from the master to the slave when the PWM1 
output is set (Le. at the beginning of the duty cycle). 
This double buffering is essential for glitchless PWM 
output. In PWM mode, CCPR1H 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 CCPx
CON<5:4> concantenated. 

The PWM output resolution is therefore programmable 
up to a maximum of 10-bit. 

PIC16C7X 

FIGURE 10-4: SIMPLIFIED PWM BLOCK 
DIAGRAM 

Outy cycle registers r- CCPxCON<5:4> 

CCPRxL 

CCPRxH (Slave) : 

Comparator 

TMR2 

PR2 

Clear Timer, 
CCPx pin and 
latch D.C. 

TRISC<Y> 

Note: 8-bit timer is concatenated with 2·bit internal Q clock 
or 2 bits of the prescaler to create 1 O·bit time base. 

TABLE 10-1: PWM FREQUENCY VS 
RESOLUTION AT20 MHZ 

Max 
Frequency 

Resolution 

(High 
TMR2 TMR2 TMR2 

Resolution 
Prescale=1 Prescale=4 Prescale=16 

Mode) 

10 bit 19.53 kHz 4.88 kHz 1.22 kHz 

9 bit 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 78.12 kHz 156.3 kHz 208.3 kHz 

Timer Prescaler (1,4, 16) 16 4 1 1 1 1 

PR2Value Ox FF Ox FF Ox FF Ox3F Ox1F Ox5F 

Resolution (High-resolution mode) 10-bit 10-bit 10-bit 8-bit 7-bit 6.5-bit 

Resolution (Standard-resolution mode)t 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 ASSOCIATEDWITHTIMER1 AND CAPTURE 

Address Name 

OB/S6 INTCON 

OC PIR1 

OD PIR2 

SC PIE1 

SD PIE2 

OE TMR1L 

OF TMR1H 

10 T1CON 

15 CCPR1L 

16 CCPR1H 

17 CCP1CON 

16 CCPR2L 

1C CCPR2H 

10 CCP2CON 

Legend: - =Unimplemented locations, Read as 'O' 
t This bit reserved on the PIC16C73. 

T10SCEN T1SYNC TMR1CS TMR10N 

CCP1M2 CCP1M1 CCP1MO 

CCP2M2 CCP2M1 CCP2MO 

Note: Shaded boxes are not used in this mode. 

TABLE 10-4: REGISTERS ASSOCIATEDWITHTIMER1 AND COMPARE 

Address Name 

06/86 INTCON 

QC PIR1 

OD PIR2 

SC PIE1 

SD PIE2 

OE TMR1L 

OF TMR1H 

10 T1CON 

15 CCPR1L 

16 CCPR1H 

17 CCP1CON 

18 CCPR2L 

1C CCPR2H 

10 CCP2CON 

nmer1 Capture Register (LSb) 

nmer1 Capture Register (MSb) 

BitO 

RBIF 

TMR11F 

CCP21F 

TMR11E 

CCP21E 

TMR10N 

CCP1MO 

CCP2M3. CCP2M2 CCP2M1 CCP2MO 

Legend: - = Unimplemented locations, Read as 'O' Note: Shaded boxes are not used in this mode. 
t This bit reserved on the PIC 16C73. 
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TABLE 10-5: REGISTERS ASSOCIATEDWITHTIMER2 AND PWM 

Address Name 

OB/BB INTCON 

oc PIR1 

OD PIR2 

BC PIE1 

BO PIE2 

11 TMR2 

92 PR2 

12 T2CON 

15 CCPR1L 1imer2 Duty Cycle Register 

16 CCPR1H 1imer2 Duty Cycle Register (Slave) 

17 CCP1CON CCP1X CCP1Y CCP1M3 CCP1M2 

1B CCPR2L 1imer2 Duty Cycle Register 

1C CCPR2H 1imer2 Duty Cycle Register (Slave) 

1D CCP2CON CCP2X CCP2Y CCP2M3 CCP2M2 

Legend: - = Unimplemented locations, Read as 'O' Note: Shaded boxes are not used in this mode. 
t This bit reserved on the PIG 16C73. 
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CCP1M1 CCP1MO 

CCP2M1 CCP2MO 
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NOTES: 
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11.0 SYNCHRONOUS SERIAL 
PORT (SSP) MODULE 

PIC16C7X 

The Synchronous Serial Port (SSP) module is a serial 
intertace useful for communicating with other periph
eral or microcontroller devices. These peripheral 
devices may be Serial EEPROMs, shift registers, dis
play drivers, AID converters, etc. The SSP module can 
operate in one of two modes: 

• Serial Peripheral lntertace (SPI) 

• Inter-Integrated Circuit (1 2C) 

FIGURE 11·1: SSPSTAT: SYNC SERIAL PORT STATUS REGISTER 

u u R R R R R R 

[ -I -ID/A I p I s I Rffl I UA I BF J Register: 
Address: 

W: Wrltable bit 
R: Readable bit 

bit7 bito 
POR value: 

SS PS TAT 
94h 
OOh U: Unimplemented, read as 'O' 

© 1995 Microchip Technology Inc. 

BF: Buffer full 

Receive {SPI and I~ 
1 =Receive complete, SSPBUF is full 
0 =Receive not complete, SSPBUF is empty 

Il:fill§m.iUl2c mode only) 
1 =Transmit in progress, SSPBUF is full 
o =Transmit complete, SSPBUF is empty 

UA: Update Address (10-blt 12C slave mode only) 
1 = Indicate that the user needs to update the address in the SSPADD 

register. See Section 11.2 for details. 
0 =Address does not need to be updated. 

RIW: Read/write bit information (12c mode only) 
This bit holds the Rffl bit information received following the last address 
match. This bit is only valid during the transmission. 
The user may use this bit in software to determine whether transmission 
or reception is in progress. 
1 =Read 
O=Write 

S: Start bit (12c mode only) 
This bit is cleared when the SSP module is disabled (SSPEN is cleared) 
1 = Indicates that a start bit has been detected last. This bit is O on 

reset. 
o = Start bit was not detected last 

P: Stop bit (1 2C mode only) 
This bit is cleared when the SSP module is disabled (SSPEN is cleared) 
1 = Indicates that a stop bit has been detected last. 
O = Stop bit was not detected last 

DIA: Data/Address bit (12C mode only) 
1 = Indicates that the last byte received was data 
O = Indicates that the last byte received was address 

Unimplemented, read as 'O'. 
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FIGURE 11-2: SSPCON: SYNC SERIAL PORT CONTROL REGISTER 

A/W A/W A/W A/W A/W A/W A/W A/W 

[ wco~ SSPOVlSSPENlcK~ SSPM1 SSPMjssPM1SSPM~ Addre5s: 14h R: Readable bit 

blt7 bitO 

[ 
Register: SSPCON I W: Writable bit J 
POR value: OOh U: Unimplemented, read as 'O' 

DS30390A-page 2-584 

SSPM<3:11>: 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 = SPI slave mode, clock= SCK pin. SS pin control disabled. SS 

can be used as 110 pin. 

011 O = 12C slave mode, 7-bit address 

0111 = 12C slave mode, 10-bit address 

1011 = 12C master mode support enabled (slave idle) 

1110 = 12C 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. 

Jnl~ 
SCK release control 
1 = Enable clock 
0 = 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 110 port pins. 

!nlZc modes: 
1 = Enables the serial port and configures SDA and SCL pins as serial 

port pins. 
0 = Disables serial port and configures these pins as.110 port pins. 

In both modes, when enabled, these pins must be properly config
ured as input or output. 

SSPOV: Receive overflow flag. 
In Sp! 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. Over
flow can only occur in slave mode. The user must read the SSP
BUF, 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. 
o = No overflow 

Jnl~ 
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. 
1 = the SSPBUF register is written while it is still transmitting the previ

ous 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 synchro
nously transmitted and received simultaneously. To 
accomplish communication, typically three pins are 
used: 

• Serial Data Out (SDO) 

• Serial Data In (SDI) 

• Serial Clock (SCK) 

RC5/SDO 

RC4/SDI 

RC3/SCK 

Additionally a fourth pin may be used when in a slave 
mode of operation: 

• Slave Select (SS) RAS/SS 

When initializing the SPI, several options need to be 
specified. This is done by programming the appropriate 
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, MSB first, 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 SSP
BUF completed successfully. When the application 
software is expecting to receive valid data, the SPP
BUF should be read before the next byte of data to 
transfer is written lo 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 transmission/reception has com
pleted. The SSPBUF can then be read (if data is mean
ingful) and/or the SSPBUF (SSPSR) can be written. If 
the interrupt method is not going to be used, then soft
ware 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 shaded 
instruction is only required if the received data is mean
ingful. 

© 1995 Microchip Technology Inc. 

PIC16C7X 

EXAMPLE 11-1: LOADING THE SSPBUF 

LOOPBSF 
BTFSS 

GOTO 
BCF 
MOVF 

MO'VF 

MOVWF 

(SSPSR) REGISTER 
STATUS, RPO 
SSPSTAT, BF 

LOOP 
STATUS, RPO 
SSPBUF, w 

TXDATA, w 

SSPBUF 

; Specify Bank 1 
;Has data been 
;received 
; (transmit 
; complete)? 
;No 
;Specify Bank 0 
;W reg ; contents 

SSPBUF 

1W reg = contents of 
; TXDATA 
;New data to xrnit. 

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) 

SOI bito 

SS Control 
Enable 

Internal 
data bus 

Shift 
clock 

,_____ Timer2 output 
2 

Prescaler 
4, 16, 64 TCY 
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To enable the serial port, the SSP enable bit (SSPEN) 
must be set. To reset or reconfigure SPI mode, clear 
SPEN, re-initialize SSPCON, and then set SSPEN. 
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 over
ridden by programming the corresponding data direc
tion (TRIS) register to the opposite value. An example 
would be in master mode where you are only sending 
data (to a display driver), then both SDI and SS could 
be used as general purpose outputs 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 pro
grammed to same Clock Polarity (CKP), then both con
trollers 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/SLAVE CONNECTION 

SPI Master SSPM<3:0> = ooxxb 

Serial Input Buffer 
(SSPBUF) 

MSb 

Shift Register 
(SSPSR) 

LSb 

I 

SDO 1 

SDI 

The master can initiate the data transfer at any time 
because it controls the SCK. The master determines 
when the slave (Processor 2) wishes to broadcast data 
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 
(programmed as an input). The SSPSR register will 
continue 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 activ
ity 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 interrupt flag (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 
Figure 11-5 and Figure 11-6 where the MSB is trans
mitted first. In master mode, the SPI clock rate (bit rate) 
is user programmable to be one of the following: 

• OSC I 4 (or Tcv) 

• 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 (see Table 17-7). 

In sleep mode, the slave can transmit and receive data 
and wake-up the device from sleep. 

SDI 

I 

1 SDO 

SPI Slave SSPM<3:0> = 01 oxb 

MSb 

Serial Input Buffer 
(SSPBUF) 

Shift Register 
(SSPSR) 

LSb 
I I 

Serial Clock 
SCK ~: ------1-:, SCK 

PROCESSOR 1 PROCESSOR2 
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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, 
transmission and reception 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 

PIC16C7X 

pull-down resisters may be desirable, depending on the 
application. 
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. 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 II II II II II II ,-, ,-, 
(CKP=O)____j H H y L_j y ~ u L__ 

SCK 
(CKP= 1) 

SDO 

: i i 
SDI~ 

: bit? : : 

SSPIF 
interruptflag -----------------

FIGURE 11-6: SPI MODE TIMING (SLAVE MODE WITH SS CONTROL) 

SCK 
(CKP = 0) ___ __, 

SCK 
(CKP= 1) 

SDO 

SDI 

SSPIF 

bit7 

TABLE 11-1: REGISTERS ASSOCIATED WITH SPI OPERATION 

Address Name 

OB/SB INTCON 

OC PIR1 

BC PIE1 

13 SSPBUF 

14 SSPCON 

94 SSPSTAT 

Legend: - = Unimplemented locations, Read as 'O' 
Note: Shaded boxes are not used by SSP module in SP! mode. 

t This bit is reserved on the PIC16C73. 
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11.2 J.2C™ Overview 

This section provides an overview of the Inter-IC (12C) 
bus, with Section 11.3 discussing the operation of the 
SSP module in 12C mode. The 12C bus is a two-wire 
serial interface developed by the Philips Corporation. 
The original specification, or standard mode, was for 
data transfers of up to 100 Kbps. An enhanced specifi
cation, 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 masler protocol 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, refer to the Philips' docu
ment "The J2C-bus and how to use it."The order num
ber 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 trans
fer, 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 trans
fer. 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. 

TABLE 11-2: 12C-BUS TERMINOLOGY 

Term 

Transmitter The device that sends the data to the bus 

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 num
ber of devices that may be attached to the 12C bus is 
limited only by the maximum bus loading specification 
of 400 pF. 

11.2.1 INITIATING ANDlERMINATING 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 con
ditions, 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 r----1 
--T\: \ ! r:-----~ : \ rr----
SDA! ·l 1 ~---~I 

! l I I ! I I I 

-t--h ! l r-----\) 1 rt-+---
., l c i \L_j/ L-YiDl SCLJSI i I l I !Pl 

L----..J : : : 1 L----_J 

Start Change Change Stop 
Condition of Data of Data Condition 

Allowed Allowed 

Description 

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 ensure 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-btt address format with a RiW bit (see Figure 11-8). 
The more complex is the 10-bit address with a RMI 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 

S Start Condition 
R/W - Read/Write pulse 
ACK - Acknowledge 

FIGURE 11-9: 12C 10-BIT ADDRESS 
FORMAT 

S - Start Condition 
RNJ • Read/Write Pulse 
ACK • Acknowledge 

FIGURE 11-11: A DATA TRANSFER 

r--1 

Slave 

soAt\JL:x=x== 
: I MSB acknowledgement 
1 l signal from receiver 
I I 
I I 
I I 
I I 

sc~--

PIC16C7X 

11.2.3 lRANSFER 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 btt {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 t\Lc:::x=xr-, 
Output by 1 1 • ~ 

Transmitter I •• L......J 
Data : : not acknowledge 

Output by I I ¢=7 
Receiver t l 

l I acknowledge 
SCL from -+--°} r-"\ r-"\ r:-\ r:-\ 

Master : I\_/ 1 \..._/ 2 \_ __ _! B '--' 9 \..... 

I I 1 t!l_: 
Start Clock pulse for 

Condition acknowledgement 

If the master is receiving the data (master-receiver), tt 
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 watt 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 tech
nique can also be implemented at the bit level. 
Figure 11-11 shows a data transfer waveform. 

r--1 

-==YTUri byte complete. acknowledgeme_nt : I 
interrupt with receiver signal from receiver 1 J 

I I 
clock line held low while : I 
interrupts are serviced 1 : 

l 1 2 3-.-8~ 
L__J ___ I 

start 
Condition Address R/W ACK Wait Data ACK 

Stop 
Condition 

State 

Figure 11-12 and Figure 11-13 show Master-transmitter and Master-receiver data transfer sequences. 
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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 

FIGURE 11-12: MASTER-TRANSMITTER SEQUENCE 

For 7-bit address: 

A master transmitter addresses a slave receiver with a 
7-bit address. The transfer direction is not changed. 

A = acknowledge (SDA low) 
From master to slave A = not acknowledge (SDA high) 

S = ST ART 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. 

lliiJ From master to slave 

D From slave to master 

A = acknowledge (SDA low) 
A = not acknowledge (SDA high) 
S = ST ART condition 
P = STOP condition 

FIGURE 11-14: COMBINED FORMAT 

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-bit address. 

For 10-bit address: 

A master transmitter addresses a slave receiver with a 
1 0-blt address. 

Transfer direction of data and acknowledgement bits depends on RiW bits. 

Combined Format: 

Combined format - A master add~esses a slave with a 10-bit address, then transmits 
data to this slave and reads data from this slave. 

IEil From master to slave 

D From slave to master 
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A= acknowledge (SDA low) 
A= not acknowledge (SDA high) 
S =START condition 
P = STOP condition 
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11.2.4 MUL Tl-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 
I -------------

DATA 1 +-....... ~-f-'--~+------~ 

SDA 

SCL 

I I 

ti 
I I 
l_ _ _J 

I 

o:o o nc 

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 condi
tion 

Care needs to be taken to ensure that these conditions 
do not occur. 
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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 tran
sition of this clock may not change the state of the SCL 
line, ij 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 

1- ,--------
1 ___ ·~-~ 
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11.3 ~ic 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/SDllSDA 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 mod
ule in 12C mode is shown in Figure 11-17. The SSP 
module functions are enabled by selling the SSP 
Enable (SSPEN) bit (SSPCON<5>). 

FIGURE 11-17: SSP BLOCK DIAGRAM 
(12C MODE) 

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 acces
sible 

• Address Register(SSPADD) 
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The SSPCON register allows control of the 12C opera· 
lion. Four mode selection bits (SSPCON<3:0>) allows 
one of the following 12C modes to be selected: 

• 12C Slave mode (?·bit address) 

• 12C Slave mode (10-bit address) 

• 12C Slave mode (?·bit address), with mas
ter-mode support enabled 

• 12C Slave mode (10-bit address), with mas-
ter-mode support enabled 

• 12C Master mode, support enabled slave is idle 

Selection of any 12C mode and with the SSPEN bit set, 
forces the SCL and SDA pins to be open collector, pro
vided 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 
START or STOP bit, specifies if the received byte was 
data or address, if the next byte is the completion of 
10-bil 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 shills the 
data in or out of the device. In receive operations, the 
SSPBUF and SSPSR create a doubled buffered 
receiver. 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 
received before the SSPBUF is read, a receiver over· 
flow has occurred and the SSPOV bit (SSPCON<6> is 
set. 

The SSPADD register holds the slave address. In 
1 O·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 (AC!<) pulse, and 
then load the SSPBUF with the received value in the 
SSPSR. 

There are certain conditions that will cause the SSP 
module not to give this ACK pulse. These are if either 
(or both): 

• The Buffer Full (BF) bit was set before the transfer 
was received. 

• The Overflow (SSPOV) 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 SS POV 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 parameter #100 and param
eter #101. 

PIC16C7X 

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 8-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 fall
ing edge of the eighth clock (SCL) pulse. If the 
addresses match, and the BF and SSPOV 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 gen
erated 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 first address byte specify 
if this is a 10-bit address. The RiW bit (bit 0) must spec
ify 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 0 A9 A8 O', where A9 and A8 are the 
two MSbs of the address. The sequence of events for 
10-bit address are as follows, with steps 7- 9 for 
slave-transmitter: 

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 

8. 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 
Transfer is Received 

BF SSPOV 

0 0 

0 
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SSPSR -+SPBUF 

Yes 

No 

Generate ACK 
Pulse 

Yes 

No 

No 

Set SSPIF bit 
(SSP Interrupt if 

Enabled) 

Yes 

Yes 

DS30390A-page 2-593 

• 



PIC16C7X 

11.3.1.2 RECEPTION 

When the R!ifJ bit of the address byte is clear and an 
address match occurs, the R!ifJ bit of the SSPSTAT 
register is cleared. The received address is loaded into 
the SSPBUF. 

When the address byte overflow condition exists then 
no acknowledge (Af)K} pulse is given. An overflow con
dition is defined as either the BF bit (SSPSTAT <0>) is 
set or the SS POV 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: 12CWAVEFORMS FOR RECEPTION (7-BIT ADDRESS) 

Receiving Address RIW=O 

SDA I ~'c--'--~~A~6,_A~S~~A4~,A~3~~A2=,~A1~~-+:~~~·~=~~,~~~;'.~=~~,~~~,·~~=~~~-,_;"'=~~J~-'-"""'~'~'=~~~~·~u~~ 

SCL 

SSPIF (PIR1 <3>) 

SSPIF (SSPSTAT <0>) 

SSPOV (SSPCON<6>) 

.AL Cleared in software 
L SSPBUF is read 

SSPOV is set ~ 
because SSPBUF is 

still full. ACK is not sent. 

Bus Master 
terr"linates 
tran~';fer 
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11.3.1.3 TRANSMISSION 

When the RiW bit of the address byte is set and an 
address match occurs, the RiW bit of the SSPSTAT 
register is set. The received address is loaded into the 
SSPBUF. The ACJ< pulse will be sent on the ninth bit 
and the SCL pin is held low. The transmit data must b~ 
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). 

PIC16C7X 

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. The SSPIF bit is set on the falling edge of 
the ninth clock pulse. 

As a slave-transmitter, the ACK pulse from the mas
ter-receiver is latched on the rising edge of the ninth 
SCL input pulse. If the SDA line was high (not PCR}, 
then the data transfer is complete. The slave then mon
itors 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: 12CWAVEFORMS FORmANSMISSION (7-BIT ADDRESS) 

Transmitting Data 

SDA 

SCL 

SSPIF (PJR1<3>) 

BF (SSPSTAT<O>) 

Cleared in software } Frorri SSPlF: interrupt 
SSPBUF is written in software service rou~1ne 

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 dis
abled. 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 

In master mode the SCL and SDA lines are manipu
lated by changing the corresponding TRISC<4:3> bit(s) 
to an output (cleared). The output level is always low, 
irrespective 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 to differentiate the 
source(s) of the interrupt. 

11.3.3 MUL Tl-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 S and 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 (set TRISC<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 
addressed an ACK pulse will be generated. If arbitra
tion 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/BBh INTCON 

OCh PIR1 

8Ch PIE1 

13h SSPBUF 

93h DSSPADD 

14h SSPCDN 

94h SSPSTAT 

Legend: - =Unimplemented locations, Read as 'O'. 
Note 1: Shaded boxes are not used by the SSP module in 12C mode. 

t This bit is reserved on the PIC16C73. 
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p R/W UA BF 
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FIGURE 11-20: OPERATION OF THE 12C MODULE IN IDLE_MODE, RCV_MODE OR XMIT_MODE 

IDLE_MODE (7-blt): 

if (Addr_match) Set interrupt; 

if(RiW= 1) { 

I 

Send ACK= O; 

set XMIT _MODE; 

else if (RIW = 0) set RCV _MODE; 

RCV_MODE: 

if ((SSPBUF=Full) OR (SSPOV = 1)) 

else 

{ SetSSPOV; 

Do not acknowledge; 

transfer SSPSR -+ SSPBUF; 

send ACR'. = O; 

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 ( ACR'. Received = 0) Go back to XMIT _MODE; 

IDLE_MODE (10-Blt): 
If (High_byte_addr_match AND (RiW = 0)) 

{ PRIOR_ADDR_MATCH =FALSE; 

Set interrupt; 

} 

if ((SSPBUF =Full) OR {(SSPOV = 1)) 

{ SetSSPOV; 

I 
else { 

Do not acknowledge; 

SetUA=1; 

Send ACR'. = O; 
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; 

Send ACR'. = O; 

while (SSPADD not updated) Hold SCL low; 
Clear LIA= O; 

Set RCV_MODE; 

else if (High_byte_addr_match AND (RiW = 1) 

{ if (PRIOR_ADDR_MATCH) 

{ send ACR'. = o; 
set XMIT _MODE; 

I 
else PRIOR_ADDR_MATCH = FALSE; 

I 
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NOTES: 
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12.0 SERIAL COMMUNICATION 
INTERFACE (SCI) MODULE 

The Serial Communication Interface (SCI) module, 
available in the PIC16C74 and PIC16C73 only, is one 
of the two serial 1/0 modules. The SCI can be config
ured as a full duplex asynchronous system that can 
communicate with peripheral devices such as CRT ter
minals and personal computers, or it can be configured 
as a half duplex synchronous system that can commu-

PIC16C7X 

nicate with peripheral devices such as AID or DIA inte
grated circuits, Serial EEPROMs etc. The SCI can be 
configured in the following modes: 

• Asynchronous (full duplex) 

• Synchronous - Master (half duplex) 

• Synchronous - Slave (half duplex) 

The SPEN (RCSTA<7>) bit has to be set in order to 
configure RC6 and RC? as the Serial Communication 
Interface. 

FIGURE 12-1: TXSTA:TRANSMIT STATUS AND CONTROL REGISTER 

R/W R/W R/W R/W U R/W R R/W 

IL~~-~~-~-~~-~-~~-~-~~-~-~~~ Address: 98h R: Readable 
11 CSRcj TXS/91 TXEN J SYNcj } BRGH J TRMTJ TXDS J lRegister: TXSTAlW:Writable 

bit7 ,-bitci- POR value: 02h U: Unimplemented, read as 'O' 

© 1995 Microchip Technology Inc. 

L TXD8: 9th bit of transmit data, can be the 
calculated parity 

TRMT: Transmit shift register (TSR) empty 
1 = TSR empty 
0 = TSR full 

BRGH: High baud mto select bit 
Asynchronous IT19.de;_ 
1 = High speed 
0 =Low speed 
Synchronous mode· 
Unused 

Unimplemented, read as 'O'. 

SYNC: SCI mode bit 
This bit selects between synchronous and 
asynchronous mode of operation. 
1 = Synchronous mode 
o = Asynchronous mode 

TXEN: Transmit Enable bit 
1 = Transmit enabled 
o = Transmit disabled 
SREN/CREN overrides TXEN in SYNC mode 

TX8/9: Transmit Data Length bit 
1 = Selects 9-bit transmission 
0 = Selects 8-bit transmission 

CSRC: Clock Source Select bit 
Synchronous mode· 
1 = Master Mode (Clock generated internally 

from BRG) 
O = Slave mode (Clock from external source) 
Asynchronous mode: 
Don't care. 
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FIGURE 12-2: RCSTA: RECEIVE STATUS AND CONTROL REGISTER 

R/W R/W R/W R/W u R R R 

l SPEN l RCB/9 l SREN l CREN l - l FERR I OERR I RCDB J 

r: 
Register: 
Address: 

RCSTA W: Writable 
1 Bh R: Readable 

bit7 

TABLE 12-1: BAUD RATE FORMULA 

SYNC BRGH:O (Low Speed) 

PORvalue: oooo~oox U: Unimplemented, read as.'O' 

RCOB: 9th bit of receive data, can be parity bit 

OERR: Overrun Error bit. 
1 = Overrun. cleared by clearing CREN 
O = No overrun error 

FERR: Framing Error bit. 
1 = Framing error. Updated by reading RCREG. 
O =No framing error 

Unimplemented, read as 'O'. 

CREN: Continuous Receive Enable bit 
Asynchronous mode· 
1 = Enables reception 
O = Disables reception 
Synchronous mode· 

1 = Enables continuous reception until GREN is 
cleared GREN overrides SREN. 

o = Disables continuous reception 

SREN: Single Receive Enable bil 
Synchronous mode: 
1 = Enable reception. 
o = Disables reception 
Note: This bit Is ignored in synchronous slave 
reception. 
SREN is cleared after reception is complete. 
Asynchronous mode· 

Don't care 

RC819: Receive Data Length bit 
1 = Selects 9-bit reception. 
O = Selects 8-blt reception. 

SPEN: Serial Port Enable bit 
1 =Configures RC7/RX/DT and RC6/TX/CK pins as 

serial port pins. 
o =Serial port disabled. 

BRGH:1 (High Speed) 

0 (Asynchronous) Baud Rate= Fosc/(64(X+1)) Baud Rate= Fosc/(16(X+ 1)) 
1 (Synchronous) Baud Rate = Fosc/(4(X+ 1 )) NA 

X = value in SPBRG (0 to 255) 

12.1 SCI Baud Rate Generator (BRG) 

The BRG 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 syn
chronous mode BRGH is ignored. Table 12-1 shows 
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the formula for computation of the baud rate for different 
SCI modes which only apply in master mode (internal 
clock). 

Given the desired baud rate and Fosc, the nearest inte
ger value for SPBRG can be calculated using the for
mula in Table 12-1. From this, the error in baud rate can 
be determined. 
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Example 12-1 shows the calculation of the baud rate 
error for the following conditions: 

Fosc = 16 MHz 

Desired Baud Rate = 9600 

BRGH =0 

SYNC=O 

EXAMPLE 12-1: CALCULATING BAUD 
RATE ERROR 

Desired Baud rate=Fosc I (64 (X • 1)) 

9600 = 16000000 /(64 (X + 1)) 

x L25.o42J = 25 

Calculated Baud Rate=16000000 I (64 (25 + 1)) 

9615 

Error !Calculated Baud Rate - Desjred Baud Ratel 
Desired Baud Rate 

(9615 - 9600) / 9600 

0.16% 

PIC16C7X 

II may be advantageous to use the high baud rate 
(BRGH = 1) even for slower baud clocks. This is 
because the Fosc/(16(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 output
ting the new baud rate. 

TABLE 12-2: REGISTERS ASSOCIATED WITH BAUD RATE GENERATOR 

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 +0.23 185 

19.2 19.53 +1.73 255 19.23 +0.16 207 19.23 +0.16 129 19.24 +0.23 92 
76.8 76.92 +0.16 64 76.92 +0.16 51 75.76 -1.36 32 77.82 +1.32 22 
96 96.15 +0.16 51 95.24 -0.79 41 96.15 +0.16 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 
Fosc = 5.0688MHZ 

SPBRG 
3.579545MHZ 

SPBRG 
1MHZ 

SPBRG 
32.768KHZ 

SPBRG 
RATE value value value value 

(K) KBAUD %ERROR (decimal) KB AUD %ERROR (decimal) KBAUD %ERROR (decimal) KBAUD %ERROR (decimal) 

0.3 NA NA NA 0.303 +1.14 26 
1.2 NA NA 1.202 +0.16 207 1.170 -2.48 6 
2.4 NA NA 2.404 +0.16 103 NA 
9.6 9.6 0 131 9.622 +0.23 92 9.615 •0.16 25 NA 
19.2 19.2 0 65 19.04 -0.83 46 19.24 +0.16 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 
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TABLE 12-4: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH=O) 

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 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 ;1:1.73 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 
Fosc = 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 
FOSC=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) 

9.6 9.615 +0.16 129 9.615 +0.16 103 9.615 +0.16 64 9.520 -0.83 46 
19.2 19.230 +0.16 64 19.230 +0.16 51 18.939 -1.36 32 19.454 +1.32 22 
38.4 37.878 -1.36 32 38.461 +0.16 25 39.062 +1.7 15 37.286 -2.90 11 
57.6 56.818 -1.36 21 58.823 +2.12 16 56.818 -1.36 10 55.930 -2.90 7 
115.2 113.636 -1.36 10 111.111 -3.55 8 125 +8.51 4 111.860 -2.90 3 
250 250 0 4 250 0 3 NA NA 
625 625 0 1 NA 625 0 0 NA 

1250 1250 0 0 NA NA - NA 

BAUD 
Fosc = 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) 

9.6 9.6 0 32 9.727 +1.32 22 8.928 -6.99 6 NA 
19.2 18.645 -2.94 16 18.643 -2.90 11 20.833 +8.51 2 NA 
38.4 39.6 +3.12 7 37.286 -2.90 5 31.25 -18.61 1 NA 
57.6 52.8 -8.33 5 55.930 -2.90 3 62.5 +8.51 0 NA 

115.2 105.6 -8.33 2 111.860 -2.90 1 NA NA 
250 NA 223.721 -10.51 0 NA NA 
625 NA NA - NA NA 
1250 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 high or a low 
level is present at the RX pin. If BRGH is clear (i.e., at 
the low baud rates), the sampling is done on the sev
enth, eighth and ninth falling edges of a 16x clock (see 
Figure 12-3). If BRGH is set (i.e., at the high baud 

rates), the sampling is done on the 3 clock edges pre
ceding the second rising edge after the first falling edge 
of a 4x clock (see Figure 12-4 and Figure 12-5). 

FIGURE 12·3: RX PIN SAMPLING SCHEME (BRGH=O) 

~----------------·----------------; - Baud elk for all but start bit r-
baud elk --~'-------------~: ------------~[ 

16xelk 

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_TA_R_T_B_IT __ ~/ ____ Bl_T_o __ ~X~ __ B_IT_1 __ _ 

First falling edge after RX pin goes low 

Ir Second rising edge 

4xclk 

2 3 4 2 3 4 2 

02, 04clk 

iii iii tit 
Samples Samples Samples 

FIGURE 12-5: RX PIN SAMPLING SCHEME (BRGH=1) 

RX pin A ____________ s_TA_R_T_B_l_T ____________ _,/eITT 
,- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -: - Baud elk for all but start M 

baud elk~'--\-------------"'-------------~ 
First falling edge after RX pin goes low 

4xclk 
__ ....,,.__,/ Second rising edge~--~ 

2 3 4 

02, Q4clk 

tit 
Samples 

© 1995 Microchip Technology Inc. DS30390A-page 2-603 

• 



PIC16C7X 

12.2 SCI Asynchronous Mode 

In this mode, the SCI used standard nonreturn-to-zero 
(NRZ) 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 rate generator can be 
used to derive standard baud rate frequencies from the 
oscillator. The SCI transmits and receives the LSB bit 
first. 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 hard
ware, 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 follow
ing important elements: 

• Baud Rate Generator 

• Sampling Circuit 
• Asynchronous Transmitter 

• Asynchronous Receiver 

12.2.1 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 TSR 
(occurs in one Tcv), theTXREG is empty and a inter
rupt 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 orily when new data is loaded into 
the TXFIEG. 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. 

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 (BRG) 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 TXB/9 
(TXSTA<6>) bit should be set and the ninth bit should 
be written to the TXDB(TXSTA<O>). 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 

INTERRUPT 

TXEN 

,-- ----- -------------~ 

' ' ' ' 
) SPBRG ) 
t ____________________ J 
BAUD RATE GENERATOR 
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Steps to follow when setting up a Asynchronous Trans
mission: 

• Initialize the SPBRG register for the appropri
ate baud rate. If a high speed baud rate is 
desired, set BRGH to 1. See Section 12.1600 
for details. 

• Enable the asynchronous serial port by con
figuring the bits SYNC= 0 and SPEN = 1. 

• If interrupts are desired, then the TXIE bit 
should be set. 

PIC16C7X 

• If 9-bit transmission is desired, then TX8/9 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 transmis
sion). 

FIGURE 12-7: ASYNCHRONOUS MASTERTRANSMISSION 

Write to TXREG 

BAG output 
(shift clock) 

TX(pin) 

TXIFbit 
(Transmit buffer 
reg. empty flag) 

t 

\._ StartBit /. Sito x Bit1 >d"L=>< Bit7/8 7stop8it 
WORD1------~-----

WORD1--+
Transmit Shift Reg TRMTbit 

(Transmit shift 
reg. empty flag) ----~ 

FIGURE 12-8: ASYNCHRONOUS MASTER TRANSMISSION (BACKTO BACK) 

Write to TXREG 

BAG output 
(shift clock) 

TX(pin) 
TXIFbit 

Start Bit 

(interrupt reg. flag) ---~ ~--~ 

BitO Sito Start Bit 
---------+t-o,__WQRD:>--~ 

TRMTbit 
(Transmit shift 
reg. empty flag) 

t 
WORD1-
Transmit Shift Reg. 

Note: This timing diagram shows two consecutive transmissions. 

woL2-
Transmit Shift Reg. 

TABLE 12-6: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION 

Address Name 

OCh PIR1 

18h RCSTA 

19h TXREG 

8Ch PIE1 

98h TX STA 

99h SPBRG Baud Rate Register 
t This bit is reserved on the PIC16C73. 
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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 CREN(RCSTA<4>). 

The heart of the receiver is the receive (serial) shift reg
ister (RSR). After sampling the stop bit, the received 
data in the 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. It is cleared 
when the RCREG has been read and is empty. The 
RCREG is a double buffered register, i.e. it is a two 

FIGURE 12-9: BLOCK DIAGRAM FOR SCI RECEIVE 

deep FIFO. It is possible for two bytes of data. to be 
received and transferred to the RCREG FIFO and a 
third byte begin sflifling to the RSR. On the detection of 
the stop bit of the third byte, if the RCREG is still full 
then the overrun error bit, OERR (RCSTA<1>) will be 
set. The word in the RSR 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 cleared and 
then set). If the OERR is set, transfers from the RSR to 
the RCREG are inhibited, so it is essential to clear the 
OERR if it is set. The framing error bit FERR 
(RCSTA<2>) is set if a stop bit is detected as a 0. The 
FERR and the 9th receive bit are buffered the same 
way as the receive data. Reading the RCREG, will load 
the RCDB and the FERR with new values, therefore it is 
essential for the user to read the RCSTA register before 
reading RCREG in order not to lose the old FERR and 
RCDB information. 

I- - - - - - - - - - - - - - - - - - - - -; 

i I SPBRG ~-----'.-~i~_'. _____ '._~I~_'. ___ _ 
64X/16X BAUD RATE CLK 

RX 

~- ---- -- --- ----------~ 
BAUD RATE GENERATOR 

PIN BUFFER 
AND CONTROL 

DATA 
RECOVERY 

FIGURE 12-10: ASYNCHRONOUS RECEPTION 
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Note: This timing diagram shows three words appearing on the RX input. The RCREG (receive buffer) is read after the third word, 
causing the OERR (overrun) bit to be set. 
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Steps to follow when setting up a Asynchronous 
Reception: 

• Initialize the SPBRG register for the appropri
ate baud rate. If a high speed baud rate is 
desired, set BRGH. See Section 12.1600 for 
details. 

• Enable the asynchronous serial port by con
figuring the SYNC= 0 and SPEN = 1. 

• If interrupts are desired, then the RCIE bit 
should be set. 

• If 9-bit reception is desired, then RXB/9-bit 
should be set. 

• Enable the reception by setting CREN. 

PIC16C7X 

• The RCIF bit will be set when reception is 
complete and an interrupt will be generated if 
the RCIE bit were set. 

• Read the RCSTA to get the ninth bit (tt 
enabled) and determine if any error occurred 
during reception. 

• Read the 8-bit received data by reading the 
RC REG. 

• If any error occurred, clear the error by clear
ing CREN. 

TABLE 12-7: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION 

Address Name 

OxOCh PIR1 

Ox18h RCS TA 

Ox1Ah RCREG 

Ox8Ch PIE1 

Ox98h TX STA 

Ox99h SPBRG 
t This bit is reserved on the PIC16C73. 
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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 vice 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 inter
rupt 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 cleared in 
software. It will reset only when new data is loaded into 
the TXREG. While TXIF indicates 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. 

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 12-11 ). 
The transmission can also be started by first loading 
the TXREG and then setting TXEN. This is advanta
geous when slow baud rates are selected, since the 
BRG is kept in reset when TXEN=CREN=SREN = 0. 
Setting the TXEN bit will start the BRG, 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 reset the transmit
ter. The OT and CK pins will revert to hi-impedance. II 
either CREN 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 (internal clock). The trans-
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milter logic however is not reset although it is discon
nected 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= O and the serial port will revert back to transmitting 
since the TXEN bit is still set. The OT line will immedi
ately switch from hi-impedance receive mode to trans
mit and start driving. To avoid this, TXEN should be 
cleared. 

In order to select 9-bil transmission, the TXS/9 
(TXSTA<6>) bit should be set and the ninth bit should 
be written to TXOS(TXSTA<O>). 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 writ
ten before writing the "new" TXDS, the "present" value 
of TXOS is loaded. 

Steps to follow when setting up a Synchronous Master 
Transmission: 

• Initialize the SPBRG register for the appropri
ate baud rate (see Section 12.1600 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 TXIE bit 
should be set. 

• If 9-bit transmission is desired, then TXS/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 TXDS. 

• Start transmission by loading data to the 
TXREG. 
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TABLE 12-8: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTERTRANSMISSION 

Address Name 

OCh PIR1 

18h RCS TA 

19h TXREG 

8Ch PIE1 

98h TX STA 

99h SPBRG 

Bit 7 Bit 6 

RC8/9 

TX6 

CSRC TX8/9 

Baud Rate Register 

Bit 5 

SREN 

TXS 

TXEN 

Bit4 

TXIF 

CREN 

TX4 

TXIE 

SYNC 

t This bit is reserved on the PIC 16C73. 

FIGURE 12-11: SYNCHRONOUS TRANSMISSION 

a1p9aop•1a1 a2p~04b1!a2p~04b1la2fi*•b11a9aop4/ 
I I I I 

CK pin I 
Write to I 
TXREG --51-+---t---' 1---r----\l---r------r----r---~---\<c----.,---1 

Write word1 Wr~e word2 

(lnter~;lf~g) -iJJ ~' -----SJ1--~-_:-1 1-I --+------4-----'151---+----I 
I I I I 

TRMT , , r--
1---+-~-+--~-t-~+----\)--t" 

Note: Sync master mode; SPBRG = 0. Continuous transmission of two 8 bit words 

FIGURE 12·12: SYNCHRONOUS TRANSMISSION (THROUGH TXEN) 

DT pin X Bit 0 X Bit 1 )@ill' _L:X Bit 6 X Bit 7 
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TXREG _J I~. -----------.S}-------+----
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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(RCSTA<5>) bit or 
the CREN(RCSTA<4>). Data is sampled on the OT pin 
on the falling edge of the clock. II 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 Regis
ter(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 RC REG 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 RCREG FIFO and a 
third byte to begin shifting into the RSR. On the clocking 
of the last bit of the third byte, tt the RCREG is still full 
then the overrun error bit, OERR (RCSTA<1>) is set. 
The word in the RSR 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 RSR to the RCREG are inhibited, so it is essential 
to clear the OERR tt it is set. The 9th receive bit is buff
ered the same way as the receive data. Reading the 

RC REG, will load the RCD8 with a new value, therefore 
it is essential for the user to read the RCSTA register 
before reading RCREG in order not to lose the old 
RCD8 information. 

Steps to follow when setting up a Synchronous Master 
Reception: 

• Initialize the SPBRG register for the appropri
ate 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. 

• CREN= SREN = 0 

• If interrupts are desired, then the RXI E bit 
should be set. 

• If 9-bit reception is desired, then RX8/9-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 
complete and an interrupt will be generated if 
the RCIE bit were set. 

• Read the RCSTA to get the ninth bit (tt 
enabled) and determine tt any error occurred 
during reception. 

• Read the 8-bit received data by reading the 
RC REG. 

• If any error occurred, clear the error by clear
ing CR EN. 

TABLE 12·9: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER RECEPTION 
Address Name 

OCh PIR1 

18h RCS TA 

19h PC REG 

8Ch PIE1 

98h TXSTA 

99h SPBRG 

t This bit is reserved on the PIC16C73. 

FIGURE 12-13: SYNCHRONOUS RECEPTION (MASTER MODE, SREN) 
' ' ' ' . ' ' ' ' 

a2la3la•la11a2\a~a1aja~a~a•la1la~a~a4a1l02la~a.la1la*~a•p1ia2p~a•p1la2la3la4\J1\02psp•p1l02psfi•laj~a~a•I 
I I I I t I I I I I I 

DTpin 

CK pin 

Write to 
SRENblt 

SRENblt 

CREN bit 'O' ·o< 
RCIF bit 

t (interrupt) 

Read 
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 mder
nally 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 
TXI F 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 GREN = SREN = O 

• If interrupts are desired, then the TXIE bit 
should be set. 

• If 9-bit transmission is desired, then TXS/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 TXDS. 

PIC16C7X 

• 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 (GREN) prior to the SLEEP 
instruction, then a word may be received during SLEEP. 
On completely receiving the word, the RSR will transfer 
the data to the RCREG and if the RCIE 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= 0. 

• If interrupts are desired, then the RCIE bit 
should be set. 

• If 9-bit reception is desired, then RXS/9-bit 
should be set. 

• To enable reception, set GREN = 1. 

• The RCIF bit will be set when reception is 
complete 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 reception. 

• Read the 8-bit received data by reading the 
RC REG. 

• If any error occurred, clear the error by clear
ing CR EN. 

TABLE 12-10: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE TRANSMISSION 

Address Name 

OCh PIR1 

18h RCS TA 

19h TXREG 

SCh PIE1 

98h TX STA 

99h SPBRG Baud Rate Register 

t This bit is reserved on the PIC16C73. 
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TABLE 12-11: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE RECEPTION 

Address Name 

OCh PIR1 

18h RCS TA 

1Ah RCREG 

8Ch PIE1 

98h TXSTA 

99h SPBRG 

t This bit is reserved on the PIC16C73. 
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13.0 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 (refer to Application Note AN546 for use of AID 
Converter). The AID module has eight analog inputs for 
the PIC16C74, five for the PIC16C73 and four for the 
PIC16C71, 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 succes
sive approximation. The analog reference voltage is 
software selectable to either the device's positive sup
ply voltage (VDD) or the voltage level on the 
RA3/AN3NREF pin. The AID converter has a unique 
feature of being able to operate while the device is in 
SLEEP mode. 

PIC16C7X 

The AID module has three registers. These registers 
are: 

• AID result register (ADRES) 

• AID control register 0 (ADCONO) 

• AID control register 1 (ADCON1) 

The ADCONO register, shown in Figure 13-1 and 
Figure 13-2, controls the operation of the AID module. 
The ADCON1 register, shown in Figure 13-3 and 
Figure 13-4, 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: ADCONO REGISTER FOR PIC16C74 AND PIC16C73 ONLY 

R/W R/W R/W R/W R/W R/W U R/W 

Register: 
Address: 

ADCONO W: Writable bit 
1 Fh R: Readable bit 

l ADCS~ADCsoJcHs2jcHS~ CHsojGo!OONrj-JADON J 
bit7 I bitO 

t Not available in PIC16C73 
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PORvalue: OOh U: Unimplemented, read as 'O' 

L ADON: A/Don bit 
1 = ND converter module is operating. 
O = AID converter module is shut off and consumes no oper

ating current. 

L........- Reserved. 

GO/DONE: ND conversion status bit. 
If ADON= 1 
1 = ND conversion is progress. Setting this bit starts an ND 

conversion. 
o = AID conversion not in progress I completed. This bit is 

automatically cleared by hardware when the ND conver
sion is completed. 

If ADON =0 
This bit is forced to zero. 

CHS <2:0>: Analog channel select. 
000 = channel 0 (RAO/ANO) 
001 = channel 1 (RA1/AN1) 
01 O = channel 2 (RA2/ AN2) 
011 = channel 3 (RA3/AN31VREF) 
100 = channel 4 (RA5/AN4) 
101 = channel 5 (REO/ANS)t 
110 = channel 6 (RE1/AN6 t 
111 = channel 7 (RE2/AN7) t 

ADCS<1 :0>: ND conversion clock select. 
oo = Fosc/2 
01 = Fosc/B 
10 = Fosc/32 
11 = FRc (clock is derived from an RC oscillator) 
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FIGURE 13-2: ADCONO REGISTER FOR PIC16C71 ONLY 

R/W R/W R/W R/W R/W R/W R/W R/W 

[ ADCSl ADCSo} Reserved I CHSl CHSO I GO!OOl'lE} ADIF I ADON J Register: ADCONO 
Address:1 Fh 

b to POR value: OOh 
it7 [bi 

W: Writable bit 
R: Readable bit 
U: Unimplemented, read as 'O' 

'---
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ADON: AID on bit 
1 = AID converter module is operating. 
O = AID converter module is shut off and consumes no oper-

ating current. 

ADIF: AID conversion complete interrupt flag bit. 
Set when conversion is completed. Reset in software. 

GO/DONE: AID conversion status bit. 
If ADON= 1 
1 = AID conversion is progress. Setting this bit starts an 

AID conversion. 
o = AID conversion not in progress I completed. This bit is 

automatically cleared by hardware when the AID 
conversion is completed. 

If ADON =0 
This bit is forced to zero. 

CHS <1 :0>: Analog channel select. 
00 = channel 0 (RAO/ANO) 
01 = channel 1 (RA1/AN1) 
10 = channel 2 (RA2/AN2) 
11 = channel 3 (RA3/AN3NREF) 

Reserved; can be used as a general purpose 
read/write bit, but not recommended for upward 
compatibility. 

ADCS<1 :0>: AID conversion clock select. 
00 = Fosc/2 
01 = Fosc/8 
10 = Fosc/32 
11 = FRC (clock is derived from an RC oscillator) 
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FIGURE 13-3: ADCON1 REGISTER FOR PIC16C74 AND PIC16C73 ONLY 

u u u u u R/W R/W R/W 

[-I-I-I-I - JPcrn2}cFG1JPcFGo J [Register: ADCON1W: Writable ] 
Address: 9Fh R: Readable 

bit? bitO PORvalue: OOh U: Unimplemented, read as 'O' 

PCFG<2:0>: ND 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 Rel 

000 A A A A A A A A VDD 

001 A A A A VREF A A A RA3 

010 A A A A A D D D VDD 
011 A A A A VREF D D D RA3 

100 A A D D A D D D VDD 
101 A A D D VREF 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 

FIGURE 13-4: ADCON1 REGISTER FOR PIC16C71 ONLY 

u u u u u u 

1-1 
bit? 

PCFG<1:0> RAO 

00 A 

01 A 

10 A 

11 D 

A = Analog input 

R/W R/W 

I PCFG1 I PCFGO I 
I I bltO 

Register: 
Address: 
POR value: 

ADCON1 W: Writable 
OBh R: Readable 
OOh U: Unimplemented, read as 'O' 

LL PCFG<1 :0>: ND port configuration bits. 

RA1 RA2 

A A 

A A 

A D 

D D 

RA3 

A 

VREF 
D 

D 

These bits configure the analog port pins to the 
various modes of operation. 

Ref 

VDD 
RA3 

VDD 
VDD 

D = Digital input/output depending on corresponding TRIS bit 
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The ADRES register contains the result of the AID con
version. When the AID conversion is completed, the 
result is loaded into the ADRES, the G0/1:50iiil:: bit 
(ADCON0<2>) is cleared, and the AID interrupt flag 
(ADI F) is set. The block diagrams of the AID module are 
shown in Figure 13·5 and Figure 13-6. 

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 TAD. To determine 
sample time see Section 13.1618. After this sample 
time has elapsed the AID conversion can be started. 
The following steps should be followed for doing an AID 
conversion: 

L Configure the AID module 

• Configure analog pins I voltage reference I 
and digital 1/0 (ADCON1) 

• Select AID input channel (ADCONO) 

• Select AID conversion clock (ADCONO) 

• Tum on AID module (ADCONO) 

2. Configure AID interrupt (if required) 

• Clear ADIF bit 

• Set ADIE bit 

• Set GIE bit 

3. Wait the required sampling time 

4. Start conversion 

• Set GO/DONE bit (ADCONO) 

5. Wait for AID conversion to complete, by either: 

• Polling for the GO/OOJill: 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 2TAD is required 
before next sampling starts. 

FIGURE 13·5: AID BLOCK DIAGRAM FOR PIC16C74 AND PIC16C73 ONLY 

Vin 

(Input voltage) 

PJD 
Converter 

VREF 

(Reference 
voltage) 

t Not available in PIC 16C73 
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Voo 

; ----- ~ I 000 or 
• o-:.-J 010 or 

100 

·--1w· 
PCFG<2:0> 

001 or 
011 or 
101 

CHS<2:0> 

. - ---_l J_ l _ ---. 
~RE2/AN7t 
""-- 11 0 ••• 1":"71 
~RE1/AN6t 

~REO/AN5t 
""-- 1 00 ••· 1":"71 
~RA5/AN4 

011 
RA3/AN3NREF 

010 
RA2/AN2 

001 
RA1/AN1 

000 
RAO/ANO 
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FIGURE 13-6: AID BLOCK DIAGRAM FOR PIC16C71 ONLY 

CHS<1:0> 

. ----- J_ j_ - - - -. 

A/D 
Converter 
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Vin 

(Input voltage) 

VREF 

(Reference 
voltage) 

Voe 

;-----: looor 
, o-;._J 1 O or 

11 

01 .. rr .. 
PCFG<1:0> 

11 
0 RA3/AN3NREF 

10 
RA2/AN2 

--0 
01 _f'7'I 

n--~~~·- ~ RA1/AN1 

00 
RAO/ANO 
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13.1 AID Sampling Requirements 

For the AID converter to meet its specified accuracy, 
the charge holding capacitor (CHOLD) must be allowed 
to fully charge to the input channel voltage level. The 
analog input model is shown in Figure 13-7. The source 
impedance (Rs) and the internal sampling switch (Rss) 
impedance directly affect the time required to charge 
the capacitor CHOLD. The sampling switch (Rss) imped
ance varies over the device voltage (Voe), see 
Figure 13-7. The maximum recommended imped
ance for analog sources is 10-KU After the analog 
input channel is selected (changed) this sampling must 
be done before the conversion can be 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 tor the AID to meet its specified 
resolution. 

EQUATION 13-1: AID SAMPLINGTIME 
EQUATION 

VREF =(VREF-VREF/512). (1 -e (-VCHOLD (RIC +Ass+ RSlj 

or 

t = -51.2 pF (11<n +Ass+ 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-KQ 

1 /2 LSb error 

Voe= 5V-; Rss = 7-KQ 

Temp (system Max.) = 50°C 

FIGURE 13-7: ANALOG INPUT MODEL 

!{Rs: RAx 

' ' 1 1 Cpin 

~-~~----: 5pF 

Legend Cpin = input capacitance 

VT = threshold voltage 

Voo 

VT=O.SV 

I leakage = leakage current at the pin due to 

DS30390A-page 2·618 

various junctions 
Ric =interconnect resistance 

SS = sampling switch 

C hold = sample/hold capacitance (from DAG) 

T = CHOLO (Ric+ Ass+ Rs) 

VHOLD =VAIN (1 -e -Vf) 

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) 

(0.05µsl°C)]t 

-CHOLD (RIC+ Rss + Rs) In (1/511) 

-51.2 pF (8-KQ + 10-KQ) In (0.0020) 
-51.2 pF (18-KQ) In (-0.0020) 

-0.921µs (-6.2364) 

5.724µs 

Sampling Time= 5µs + 5.724µs + [(50°C - 25°C) 

(0.05µs I °C)] 

10.724µs + 1.25µs 

11.974µs 

t The temperature coefficient is only required for 
temperatures > 25°C. 

Ric ~1K 

I leakage 

±500nA 

Sampling 

r __ S_wJ~I'!_- _, 

~-~~~ Chold 

= DAG capacitance 
51.2 pF 

Vss 

Voo~~t ~ 
2V~ 

5 6 7 8 9 1011 
Sarrpling SWitch 

(KW) 
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13.2 Selecting the AID Conversion Clock 

The AID conversion requires 10 TAD. The source of the 
AID conversion clock is software selected. The four 
possible options for TAD are: 

• 2Tosc 

• 8 Tosc 

• 32 Tosc 

• Internal RC oscillator 

For correct AID conversions, the AID conversion clock 
{TAD) must be selected to ensure a minimum TAD time 
of 1.6µs for the PIC16C74 and PIC16C73, and 2.0 µs 
for the PIC16C71. Table 13·1 and Table 13·2 show the 
resultant TAD times derived from the device operating 
frequencies and the AID clock source selected. 

PIC16C7X 

13.3 Configuring Analog Port Pins 

The use of the ADCON1, 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 
converted. 

The AID operation is independent of the state of the 
CHS<2:0> bits and the TRIS bits. 

TABLE 13-1: TAD VS. DEVICE OPERATING FREQUENCIES FOR PIC16C74/PIC16C73 ONLY 

AD Clock Source (TAD) 

Operation ADCS1:ADCSO 

2 Tosc oo 
8Tosc 01 

32 Tosc 10 

RC 11 

• The RC source has a typical TAD time of 4 µs. 
§ These values violate the minimum required TAD time. 

Device Frequency 

5MHz 

1.6µs 

6.4µs 

2-6µs• 

t For faster conversion times, the selection of another clock source Is recommended. 

TABLE 13-2: TAD VS. DEVICE OPERATING FREQUENCIES FOR PIC16C71 ONLY 

AD Clock Source (TAD) 

Operation ADCS1 :ADCSO 

2Tosc 00 

8Tosc 01 

32Tosc 10 

RC 11 

• The RC source has a typical TAD time of 4 µs. 
§ These values violate the minimum required TAD time. 
t For faster conversion times, the selection of another clock source is recommended. 
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13.4 ALP Conversions 

Example 13-2 and Example 13-3 show how to perform 
an AID conversion. The RA pins are configured as ana
log inputs. The analog reference (VREF) is the device 
VDD. The AID interrupt is enabled, and the AID conver
sion clock is TAC. The conversion is performed on the 
RAO channel. 

EXAMPLE 13-2: DOING AN AID CONVERSION 
(PIC16C7 4173) 

BSF STATUS., RPO ; Select Page 1 
;Configure A/D Inputs 
;Enable A/D interrupt 
; Select Page 0 

CLRF ADCONl 
BSF PIEl, ADIE 
BCF STATUS, RPO 
MOVLW OxCl 

MOVWF ADCONO 

;RC clock, A/D is on, 
; Ch 0 is selected 

BCF PIRl, ADIF ;Clear A/D Int Flag 
BSF INTCON, PEIE ; Enable Peripheral 
BSF INTCON, GIE ; Enable All Interrupts 

Ensure that the required sampling. time for the 
selected input channel_ has lapsed. Then the 
conversion may be started. 

BSF ADCONO, GO ; Start A/D Conversion 
The ADIF bit will be 
set and the GO/DONE bit 
cleared upon comple-
tion of the A/D conversion. 

EXAMPLE 13-3: DOING AN AID CONVERSION 
(PIC16C71) 

BSF STATUS, RPO ;Select Page 1 
CLRF ADCONl ;Configure A/D Inputs 
BCF STATUS, RPO ; Select Page 0 
MOVLW OxCl ;RC clock, A/D is on, 

; Ch O is selected 
MOVWF ADCONO 
BSF INTCON,ADIE ;Enable A/D Interrupt 

; Interrupts 
BSF INTCON, GIE ; Enable All Interrupts 

Ensure that the required sampling time for the 
selected input channel has lapsed. Then the 
conversion may be started. 

BSF AOCONO, GO ; Start A/D Conversion 
The ADIF bit will be 
set and the GO/DONE bit 
cleared upon comple"."' 
tion of the A/D conversion. 

Clearing the GO/C50fill:: bit during a conversion will 
abort the current conversion. The ADRES will NOT be 
updated with 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 AD RES register). Alter the AID con
version is aborted, the 2TAD wait is required before the 
next sampling is started. After this 2TAD wait, sampling 
is automatically started on the selected channel. 
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13.4.1 FASTER CONVERSION - LOWER 
RESOLUTION TRADE-OFF 

Not all applications require a result with 8-bits of reso
lution, 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 res
olution required, the sampling time is the same. To 
speed up the conversion, the clock source of the AID 
module may be switched so thatthe TAD time violates 
the minimum specified time (see parameter #130). 
Once the TAD time violates the minimum specified time, 
all the following AID result bits are not valid (see AID 
Conversion Timing in the Electrical Specifications sec
tion.) 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= 2TAD + N•TAD + (8 - N)(2 Tosc) 
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 13-4 shows a comparison of time 
required for a conversion with 4-bits of resolution, ver
sus the 8-bit resolution conversion. The example is for 
devices operating at 20 MHz and 16 MHz (The AID 
clock is programmed for 32 TOSC), and assumes that 
immediately alter 6 Tad, the AID clock is programmed 
for 2Tosc. 

The 2 Tosc violates the minimum TAD time since the 
last 4-bits will not be converted to correct values. 

EXAMPLE 13-4: 4-BIT VS. 8-BIT 
CONVERSION TIMES 

Freq. Resolution 

(MHz)* 4-bit 8-bit 

TAD 20 1.6µs 1.6 µs 

16 2.0µs 2.0µs 

Tosc 20 50 ns sons 

16 62.5 ns 62.5 ns 

2TAD+N•TAD+(8-N)(2Tosc) 20 10µs 16 µs 

16 12.5 µs 20µs 
*The PIC16C74/73 AID has a minimum TAD time of 1.6 µs, 

the PIC16C71 has a minimum TAD time of 2.0 µs. 
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13.5 AID 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> = 11 b). 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 GOll:iC'.mE 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 mod
ule will then be turned off, although the ADON bit will 
remain set. 

When the AID clock source is another clock option (not 
RC), a SLEEP instruction will cause the present con
version 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. 

© 1995 Microchip Technology Inc. 
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13.6 AID Accuracy/Error 

The overall accuracy of the AID is less than± 1 LSb for 
VDD = 5 V ± 10% and the analog VREF = VDD. This over
all 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 (VDD) is less then 
5.0V or when the analog reference (\/REF) is less then 
VDD. 

The maximum pin leakage current is± 5 µA. 

In systems where the device frequency is low, use of 
the AID RC clock derived from the device oscillator is 
preferred. At moderate to high frequencies, TAD should 
be derived from the device oscillator. TAD must not vio
late the minimum and should be :s;aµs for preferred 
operation. This is because TAD, when derived from 
Tosc 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 
alter 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. 
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13.7 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 
conversion is aborted. The value that is in the ADRES 
register is not modified for a power-on reset. The 
ADRES register will contain unknown data after a 
power-up reset. 
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13.8 Use of the CCP2 Trigger for PIC16C74 
and PIC16C73 only 

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 b and that the AID module is enabled (ADON is 
set). When the trigger occurs, the GOll50f\J'E bit will be 
set to start the AID conversion and the Timer1 counter 
will be reset to zero. Timer1 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). 

H 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 Timer1 counter. 
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13.9 Connection Considerations 

Since the analog inputs employ ESD protection, they 
have reversed biased diodes to Voo and Vss. This 
requires that the analog input must be between VDo 
and Vss. H the input voltage exceeds this range by 
greater than 0.6V (either direction), one of the diodes 
becomes forward biased and it may damage the device 
if the input current specification is exceeded. 

An external RC filter is sometimes added for anti-alias
ing of the input signal. The R component should be 
selected to ensure that the total source impedance is 
kept under the 10 Kn recommended specification. Any 
external components connected (via high impedance) 
to an analog input pin (capacitor, zener diode, etc.) 
should have very little leakage current at the pin. 

© 1995 Microchip Technology Inc. 
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13.10 Transfer Function 

The ideal transfer function of the AID converter is as fol
lows: The first transition occurs when the analog input 
voltage (VAIN) is 1 LSb (or Analog VREF I 256). This is 
shown in Figure 13-8. 

FIGURE 13-8: AID TRANSFER FUNCTION 

1! 
: :::::: ::: :::;4 

a 04h - - - - - - - .! - -· - -

03h 

02h 

01h 

OOhL-"'"-'-~~~~~~~~~~ 

.c.c .c .c .c 
ell .c .. 

~~ ~ ~ "' ~ 1l -' -' .,_ 
"' "' ... 

~ ff! ;: 0 
C\I e. 

Analog input voltage 
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FIGURE 13-9: FLOWCHART OF AID OPERATION 
ADON=O 

Start of AID 
Conversio!'l Delayed ____... 
1 Instruction Cycle 

SLEEP Yes AbortG'3'~vgrsion 
Instruction? _,.. ADIF = 0 

SLEEP 
Power down AID Stay in Sleep 

PowerdONn AID 

Wait2TAD 

TABLE 13-3: SUMMARY OF AID REGISTERS FOR PIC16C74 AND PIC16C73 ONLY 

Address 

OB/BB 
OC 
BC 
OD 
8D 
1E 
1F 
9F 
05 
85 
09 
89 

Name 

INTCON 
PIR1 
PIE1 
PIR2 
PIE2 
AD RES 
ADC ONO 
ADCON1 
PORTA 
TRISA 
PORTE 
TRISE PortE Data direction latch 

t This brt is reserved on the PIC16C73. 

TABLE 13-4: SUMMARY OF AID REGISTERS FOR PIC16C71 ONLY 

Address 

08/88 
09 
08 
88 

Name 

INTCON 
AD RES 
ADC ONO 
ADCON1 

05 PORTA 
85 TRISA 
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Bit7 

GIE 

Bit6 

ADIE 

BitS Bit 4 Bit 3 Bit 2 Bit 1 BitO 

ADIF ADON 
PCFG1 PCFGO 
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14.0 SPECIAL FEATURES OF THE 
CPU 

What sets apart a microcontroller from other proces
sors 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, 
minimize cost through elimination of external compo
nents, provide power saving operating modes and offer 
code protection. These are: 

1. OSC selection 

2. Reset 

• Power-On Reset (POR) 

• Power-Up Timer (PWRn 

• Oscillator Start-Up Timer (osn 

3. Interrupts 
4. Watchdog Timer (Won 

5. SLEEP 

6. Code protection 

7. ID locations 

8. In-circuit serial programming 

The PIC16CXX has a watchdog timer which can be 
shut off only through configuration bits. It runs off its 
own RC oscillator for added reliability. There are two 
timers that offer necessary delays on power-up. One is 

PIC16C7X 

the oscillator start-up timer (osn, intended to keep the 
chip in reset until the crystal oscillator is stable. The 
other is the power-up timer (PWRn, which provides a 
fixed delay of 72ms (nominal) on power up only, 
designed to keep the part in reset while the power sup
ply stabilizes. With these two timers on-chip, most 
applications need no external reset circuitry. 

The SLEEP mode is designed to offer a very low cur
rent 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 
aiso made available to allow the part to fit the appiica
tion. The RC oscillator option saves system cost while 
the LP crystal option saves power. A set of configura
tion bits are used to select various options. 

14.1 Configuration Bits 

The configuration bits 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 test/configuration memory space (2000h -
3FFFh), which can be accessed only during program
ming. 

FIGURE 14-1: CONFIGURATION WORD FOR PIC16C74 AND PIC16C73 ONLY 

© 1995 Microchip Technology Inc. 

Register: CONFIG 
Address: 2007h 

FOSC<1 :O>: OSC selection bits. 
11 : RC oscillator 
10: HS oscillator 
01 : XT oscillator 
00 : LP oscillator 

WDTE: WOT enable bits. 
1 = WOT enabled 
0 = WOT disabled 

PWRTE: Power-up timer enable bits. 
1 = power-up time enabled 
o = power-up timer disabled 

~~----------- CP<1:0>: Code protection bits. 
11: Code protection off 
10: Upper half of program memory 

code protected 
01: Upper 3/4th of program memory 

code protected 
00: All memory is code protected 

Unimplemented. 
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FIGURE 14-2: CONFIGURATION WORD FOR PIC16C71 ONLY 

Register: CONFIG 
Address: 2007h 

l -J -J -J -J -J -J -J -l - J CPojPwRTij wori:_lFosc1lFoscoJ 

bit13 I I bitO 

FOSC<1 :0>: OSC selection bits. 
11 : RC oscillator 
10 : HS oscillator 
01 : XT oscillator 
00 : LP oscillator 

~------ WDTE: WDT enable bits. 
1 = WDT enabled 
0 = WDT disabled 

PWRTE: Power-up timer enable bits. 
1 = power-up timer enabled 
0 = power-up timer disabled 

------------ CPO: Code protection btts. 
1 = Code protection off 
O = All memory is code protected but 

0-3Fh is writable. 

~~-~~-~~-~~~~------------- Unimplemented. 
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14.2 Oscillator Configurations 

14.2.1 OSCILLATOR lYPES 

The PIC16CXX can be operated in four different oscil
lator options. The user can program two configuration 
bits (FOSC1 and FOSCO) to select one of these four 
modes: 

• LP Low Power Crystal 

• XT CrystaVResonator 

• HS High Speed CrystallResonator 

• 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 14-3). 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 14-4. 

FIGURE 14-3: CRYSTALJCERAMIC 
RESONATOR OPERATION 
(HS,XTOR LP 
OSC CONFIGURATION) 

OSC1 

_rCl C]XTAL 

~ ~O--+--e----'SC2 
C2 ·Note1 

To internal 
logic 

SLEEP 

PIC16CXX 

See Table 14-1, Table 14-2, Table 14-3 and 
Table 14-4 for recommended values of C1 and C2. 

Note 1: A series resistor may be required for AT strip 
cut crystals. 

FIGURE 14-4: EXTERNAL CLOCK INPUT 
OPERATION (HS, XT OR LP 
OSC CONFIGURATION) 

Clock from 
ext. system 

OSC1 

Open OSC2 
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TABLE 14·1: CERAMIC RESONATORS 
PIC16C7 4/PIC16C73 

Ranges Tested: 

Mode Freq OSC1 OSC2 

XT 455kHZ 68-100 pF 68-100 pF 
2.0MHz 15-68pF 15-68pF 
4.0MHz 15 - 68 pF 15-68pF 

HS 8.0MHi 10-68 pF 10-68 pF 
16.0MHz 10- 22 pF 10-22 pF 

Note: Recommended values of C1 and C2 are identical to 
the ranges tested table. 
Higher capacitance increases the stability of oscilla-
tor but also increases the start-up lime. These val-
ues 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. 

Resonators Used: 

455kHz Panasonic EFO-A455K04B +/-.3% 

2.0MHz Murata Erie CSA2.00MG +/-.5% 

4.0MHz Murata Erie CSA4.00MG +/-.5% 

8.0MHz Murata Erie CSA8.00MT +/-.5% 

16.0MHz Murata Erie CSA16.00MX +/-.5% 
All resonators used did not have built-in capacitors. 

TABLE 14-2: CERAMIC RESONATORS 
PIC16C71 

Ranges Tested: 

Mode Freq OSC1 OSC2 

XT 455kHZ 68-100pF 68-100pF 
2.0MHz 15- 68 pF 15-68pF 
4.0MHz 15- 68 pF 15-68 pF 

HS 8.0MHz 10- 68 pF 10-68pF 
16.0MHz 10-22pF 10-22pF 

Note: Recommended values of C1 and C2 are identical to 
the ranges tested table. 
Higher capacitance increases the stability of oscilla-
tor but also increases the start-up time. These val-
ues 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. 

Resonators Used: 

455KHz Panasonic EFO-A455K04B +/-.3% 

2.0MHz Murata Erie CSA2.00MG +/-.5% 

4.0MHz Murata Erie CSA4.00MG +/-.5% 

8.0MHz Murata Erie CSA8.00MT +/-.5% 

16.0MHz Murata Erie CSA16.00MX +/-.5% 
All resonators used did not have built-in capacitors. 
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TABLE 14·3: CAPACITOR SELECTION 
FOR CRYSTAL OSCILLATOR 
FOR PIC16C74 AND PIC16C73 

Mode Freq OSC1 OSC2 

LP 32kHz§ 33-68pf 33 - 68 pF 
200kHz 15 - 47 pF 15-47pF 

XT 100kHz 47 - 100pF 47-100pF 
500 kHz 20- 68 pF 20-68 pF 

1MHz 15-68pF 15-68pF 
2MHz 15- 47 pF 15 - 47 pF 
4MHz 15 - 33 pF 15-33pF 

HS 8MHz 15-47pF 15-47pF 
20MHz 15-47pF 15-47pF 

Note: Higher capacitance increases the stability of oscil-
lator 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 specifica-
tion. Since each crystal has its own characteristics, 
the user should consult the crystal manufacturer for 
appropriate values of external components. 

§ For VDD > 4.SV, C1 = C2 ~ 30pf is recommended. 

TABLE 14·4: CAPACITOR SELECTION 
FOR CRYSTAL OSCILLATOR 
FOR PIC16C71 ONLY 

Mode Freq OSC1 OSC2 

LP 32kHz§ 33-68 pF 33- 68 pF 
200kHz 15 - 47 pF 15-47pF 

XT 100kHz 47-100pF 47-100 pF 
500kHz 20-68 pF 20- 68 pF 
1MHz 15-68pF 15-68pF 
2MHz 15-47pF 15-47pF 
4MHz 15-33pF 15-33pF 

HS 8MHz 15-47pF 15-47pF 
20MHz 15-47pF 15-47pF 

Note: Higher capacitance increases the stability of oscil-
lator 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 specifica-
tion. Since each crystal has its own characteristics, 
the user should consult the crystal manufacturer for 
appropriate values of external components. 

§ For VDD > 4.SV, C1 = C2 ~ 30pf is recommended. 

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. 
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Figure 14-5 shows implementation of a parallel reso
nant 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 par
allel oscillator requires. The 4.7 kn resistor provides the 
negative feedback for stability. The 1 O kn potentiome
ter biases the 74AS04 in the linear region. This could 
be used for external oscillator designs. 

FIGURE 14·5: EXTERNAL PARALLEL 
RESONANT CRYSTAL 
OSCILLATOR CIRCUIT 

+5V 

10k 

To Other 
Devices 

Figure 14-6 shows a series resonant oscillator circuit. 
This circuit is also designed to use the fundamental fre
quency of the crystal. The inverter performs a 
180-degree phase shift in a series resonant oscillator 
circuit. The 3300 resistors provide the negative feed
back to bias the inverters in their linear region. 

FIGURE 14-6: EXTERNAL SERIES 
RESONANT CRYSTAL 
OSCILLATOR CIRCUIT 

14.2.4 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 resis
tor (Rext) and capacitor (Cext) values, and the operat
ing temperature. In addition to this, the oscillator 
frequency will vary from unit to unit due to normal pro
cess parameter variation. Furthermore, the difference 
in lead frame capacitance between package types will 
also affect the oscillation frequency, especially for low 

© 1995 Microchip Technology Inc. 



Cext values. The user also needs to take into account 
variation due to tolerance of external R and C compo
nents used. Figure 14-7 shows how the R/C combina
tion is connected to the PIC16CXX. For Rext values 
below 2.2 kQ, the oscillator operation may become 
unstable, or stop completely. For very high Rext values 
(e.g. 1 MQ), the oscillator becomes sensitive to noise, 
humidity and leakage. Thus, we recommend to keep 
Rext between 3 kQ and 100 k.U 

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 
capacitances, such as PCB trace capacitance or pack
age lead frame capacitance. 

See characterization data for desired device for RC fre
quency variation from part to part due to normal pro
cess 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 characterization data for desired device for varia
tion 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 pur
poses or to synchronize other logic (see Figure 3-4 for 
waveform). 

FIGURE 14-7: RC OSCILLATOR MODE 

Voo 

Rext 

CextI 

Vss -=-
----I OSC2/CLKOUT 
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14.3 Reset 

The PIC16CXX differentiates between various kinds of 
reset: 

a) Power-on reset (POR) 

b) MCLR reset during normal operation 

c) ~reset during SLEEP 

d) 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 l50R and unchanged in any 
other reset. Most other registers are reset to a "reset 
state" on power-on reset (POR), on ~ or WOT 
reset during normal operation and on "M"CER reset dur
ing SLEEP. They are not affected by a WOT reset dur
ing 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 14-6. These bits are used in software to deter
mine the nature of reset. See Table 14-8 for a full 
description of reset states of all registers. 

A simplified block diagram of the on-chip reset circuit is 
shown in Figure 14-8. 
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14.4 Power-On Reset CPOID. 
Power-Up-Timer (PWRTl and 
Oscillator Start-up Timer (OSD 

14.4.1 POWER-ON RESET (POR) 

A Power-On Reset pulse is generated on-chip when 
Voo rise is detected On the range of 1.SV - 1.8V). To 
take advantage of the l50'FI, just tie ~ pin directly 
(or through a re$istor) to Voo. This will eliminate exter
nal RC components usually needed to create 
Power-Oil Reset. A maximum rise time for VOo is 
required. See Electrical Specifications for details. 

The l50R circuit does not produce internal reset when 
Voo declines. 

14.4.2 POWER-UP TIMER (PWRT) 

The Power-Up Timer provides a fixed 72ms nominal 
time-out on power-up only, from l50'FI. 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 bit, 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, temperature, and process variation. 
See DC parameters for details. 

FIGURE 14-8: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT 

~ 
Voe 

External 
Reset 

1 O bit Ripple counter 

1 O bit Ripple counter 

t This is a separate oscillator from 
the RC oscillator of the CLKIN pin. 
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R 
chip_Reset 

c:i 

Power Up and PWRTE 
~--- (Enabiii the PWRTtimer 

only Hit is Power_ Up and power_on timer 
fuse is enabled) 

t~----
w 

jPower_Up + Wake_Upl (XT +LP+ HS) 
Enable the OST if it is f:>Ower Up or Wake Up 
ram SLEEP and OSC type is-XT or LP or HS) 
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14.4.3 OSCILLATOR START-UP TIMER (OST) 

The Oscillator Start-Up Timer (OST) provides 1024 
oscillator cycle (from OSCt 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 time-out is invoked after POR has expired. Then 
OST is activated. The total time-out will vary based on 
oscillator configuration and PWRTE bit status. For 
example, in RC mode with PWRTE bit cleared (PWRT 
disabled), there will be no time-out at all. Figure 14-9, 
Figure 14-10, and Figure 14-11 depict time-out 
sequences on power up. 

TABLE 14-5: TIME-OUT IN VARIOUS 
SITUATIONS 

Oscillator Power-up Wake up 
Configuration PWRTE=1 PWRTE:O from 

SLEEP 

XT, HS, LP 72ms+ t024Tosc 1024 Tosc 
t024Tosc 

RC 72ms - -
Since the time-outs occur from the POR pulse, if MCLR 
is kept low long enough, the time-outs will expire. Then 
bringing ~ high will begin execution immediately 
(see Figure 14-10). This is useful for testing purposes 
or to synchronize more than one PIC16CXX device 
operating in parallel. 

PIC16C7X 

Table 14-7 shows the reset conditions for some special 
registers, while Table 14-8 shows the reset conditions 
for all the registers. 

14.4.5 POWER CONTROUSTATUS REGISTER 
(PCON) 

The power control/status register, PCON (address 8Eh) 
has only one bit. 

Bitt is l50l1 (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 subse
quent reset if l50l1 is cleared, it will indicate that a 
Power-On Reset must have occurred Voo may have 
gone too low). 

TABLE 14-6: STATUS BITS AND THEIR 
SIGNIFICANCE 

POR TO PD 

0 1 1 Power-on reset 

0 0 x Illegal, TO is set on l50l1 
0 x 0 Illegal, PD is set on POR 

1 0 1 WOT reset during normal opera-
!ion 

1 0 0 WOT timeout wakeup from 
SLEEP 

1 1 1 ~reset during normal oper-
at ion 

1 1 0 iiiiCCR reset during SLEEP or 
interrupt wake-up from SLEEP 

TABLE 14-7: RESET CONDITION FOR SPECIAL REGISTERS 
PCL STATUS PCON on 
Addr:02h Addr:03h PIC16C74 and 

PIC16C73 only 
Addr:8Eh 

Power-On Reset OOOh 0001 lxxx ---- --0-

~ reset during normal operation OOOh 0001 luuu ---- --u-

~reset during SLEEP OOOh 0001 Ouuu ---- --u-

WOT reset during normal operation OOOh 0000 luuu ---- --u-

WOT during SLEEP PC+ 1 uuuO Ouuu ---- --u-

Interrupt wake-up from SLEEP PC+ 1 (Nolet) uuul Ouuu ---- --u-

Legend: u = unchanged, x = unknown, - = unimplemented bit, read as 'O' 
Note t: 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 14-8: INITIALIZATION CONDITIONS FOR ALL REGISTERS 

MCLR Reset during: Wake up from SLEEP 
- normal operation through interrupt 

Register Device Power-on Reset -SLEEP Wake up from SLEEP 
WOT timeout during through WOT timeout 
normal operation 

w 7X xxxx xxxx uuuu uuuu uuuu uuuu 

INDF 7X - - -
TMRO 7X xxxx xxxx uuuu uuuu uuuu uuuu 

PCL 7X OOOOh OOOOh PC + 1 (2) 

STATUS 7X 0001 lxxx 000? ?uuu (3) uuu? ?uuu (3) 

FSR 7X xxxx xxxx uuuu uuuu uuuu uuuu 

71 ---u uuuu 
PORTA 

---u uuuu ---u uuuu 

Other7X --xx xxxx --uu uuuu --uu uuuu 

PORTB 7X xxxx xxxx uuuu uuuu uuuu uuuu 

PORTC 7X xxxx xxxx uuuu uuuu uuuu uuuu 

PORTO 74 xxxx xxxx uuuu uuuu uuuu uuuu 

PORTE 74 ---- -xxx ---- -uuu ---- -uuu 

PCLATH ' 7X ---0 0000 ---0 0000 ---u uuuu 

INTCON 7X 0000 OOOx 0000 OOOu uuuu uuuu(l) 

PIR1 7X 0000 0000 0000 0000 uuuu uuuu(l) 

PIR2 7X ---- ---0 ---- ---0 ---- ---u(2) 

TMR1L 7X xxxx xxxx uuuu uuuu uuuu uuuu 

TMR1H 7X xxxx xxxx uuuu uuuu uuuu uuuu 

T1CON 7X --00 0000 --uu uuuu --uu uuuu 

TMR2 7X 0000 0000 0000 0000 uuuu uuuu 

T2CON 7X -000 0000 -000 0000 -uuu uuuu 

SSPBUF 7X xxxx xxxx uuuu uuuu uuuu uuuu 

SSPCON 7X 0000 0000 0000 0000 uuuu uuuu 

CCPR1L 7X xxxx xxxx uuuu uuuu uuuu uuuu 

CCPR1H 7X xxxx xxxx uuuu uuuu uuuu uuuu 

CCP1CON 7X --00 0000 --00 0000 --uu uuuu 

RCS TA 7X 0000 -oox 0000 -OOx uuuu uuuu 

TX REG 7X 0000 0000 0000 0000 uuuu uuuu 

RCREG 7X 0000 0000 0000 0000 uuuu uuuu 

CCPR2L 7X xxxx xxxx uuuu uuuu uuuu uuuu 

CCPR2H 7X xxxx xxxx uuuu uuuu uuuu uuuu 

CCP2CON 7X 0000 0000 0000 0000 uuuu uuuu 

ADRES 7X xxxx xxxx uuuu uuuu uuu uuuu 

71 00-0 0000 
ADC ONO 

00-0 0000 uu-u uuuu 

Other7X 0000 00-0 0000 00-0 uuuu uu-u 

OPTION 7X 1111 1111 1111 1111 uuuu uuuu 

Legend: u =unchanged, x = unknown, - = unimplemented bit, read as 'O', ? =value depends on condition 
Note 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 14-7 for reset value for specific condition. 
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TABLE 14-8: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONT.) 

MCLR Reset during: Wake up from SLEEP 
- normal operation through interrupt 

Register Device Power-on Reset -SLEEP Wake up from SLEEP 
WOT timeout during through WOT timeout 
normal operation 

71 ---1 1111 
TRISA 

---1 1111 ---u uuuu 

Other7X --11 1111 --11 1111 --uu uuuu 

TRISB 7X 1111 1111 1111 1111 uuuu uuuu 

TRISC 7X 1111 1111 1111 1111 uuuu uuuu 

TRISD 74 1111 1111 1111 1111 uuuu uuuu 

TRISE 74 0000 -111 0000 -111 uuuu -uuu 

PIE1 7X 0000 0000 0000 0000 uuuu uuuu 

PIE2 7X ---- ---0 ---- ---0 ---- ---u 

PCON 7X ---- --0- ---- --u- ---- --u-

PR2 7X 1111 1111 1111 1111 1111 1111 

SSPADD 7X 0000 0000 0000 0000 uuuu uuuu 

SSPSTAT 7X --00 0000 --00 0000 --uu uuuu 

TX STA 7X 0000 -010 0000 -010 uuuu -uuu 

SPBRG 7X 0000 0000 0000 0000 uuuu uuuu 

71 ---- --00 ---- --00 ---- --uu 
ADCON1 

Other7X ---- -000 ---- -000 ---- -uuu 

Legend: u =unchanged, x = unknown, - = unimplemented bit, read as 'O', ? =value depends on condition 
Note 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 14-7 for reset value for specific condition. 
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FIGURE 14-9: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOTTIEDTO Voo): CASE 1 

Voo 

'' 

INTERNAL POR 

----~IPWRT----

PWRTTIME-OUT :.,._tosr----: ,____ _____ _ 
OST TIME-OUT 

INTERNAL RESET 

FIGURE 14-10: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOTTIEDTO Voo): CASE 2 

Voo 

MCLR 

INTERNAL POR 

PWRTTIME-OUT 

OST TIME-OUT 

INTERNAL RESET 

-----IPWRT----

:.,._tOST-..: 
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FIGURE 14-11: TIME-OUT SEQUENCE ON POWER-UP (MCLRTIEDTO VDD) 

Voo 

MCLR 

INTERNAL POR 

PWRTTIME-OUT 

OSTTIME-OUT 

INTERNAL RESET 
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FIGURE 14-12: EXTERNAL POWER-ON 
RESET CIRCUIT (FOR SLOW 
Voo POWER-UP) 

Voo 

Note: 

1. External power-on reset circuit is required 
only if Voo power-up slope is too slow. The 
diode D helps discharge the capacitor 
quickly when Voo 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 is SµA). A larger voltage drop will 
degrade VIH level on MCCR pin. 

3. R1=1oon to 1Kn will limit any currentflow
ing into "MCCR from external capacitor C in 
the event of "MCCR pin breakdown due to 
ESDor EOS. 
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FIGURE 14-13: BROWN-OUT PROTECTION 
CIRCUIT1 

Voo ---~----1 Voo 
33K 

PIC16CXX 

Note: 

1. This circuit will activate reset when Voo 
goes below (Vz + 0.7V) where Vz = Zener 
voltage. 

FIGURE 14-14: BROWN-OUT PROTECTION 
CIRCUIT2 

= 
Note: 

1. This brown-out circuit is less expensive, 
albeit less accurate. Transistor 01 turns 
off when Voo is below a certain level such 
that: 

R1 
=0.7V. Voo • -=R.,..1 +--=R"""2 
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14.5 Interrupts 

The PIC16C7X family has up to 12 sources of interrupt: 

Device: 

.., C') .... 
""' ""' ""' Interrupt sources: (,) (,) (,) 
co co co .... 0 

.... 
(,) (,) 

a: a: a: 
External interrupt RBO/INT x x x 
TM RO overflow interrupt x x x 
PORTB change interrupts (pins x x x 
RB<7:4>) 

AID interrupt x x x 
TMR1 overflow interrupt x x 
TMR2 matches period interrupt x x 
CCP1 interrupt x x 
CCP2 interrupt x x 
SCI asynchronous transmit and x x 
receive 

Synchronous serial port interrupt x x 
Parallel slave port read/write interrupt x 

The interrupt control register (INTCON) records individ
ual 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 dis
abled through their corresponding enable bits in 
INTCON register. GIE is cleared on reset. 

The "return from interrupt" instruction, RETFIE, exits 
interrupt routine as well as sets the GI E bit, which 
re-enable interrupts. 

The INT pin interrupt, the RB port change interrupt and 
the TMRO overflow interrupt flags are contained in the 
INTCON register. 

The peripheral interrupt flags are contained in the spe
cial register PIR1. The corresponding interrupt enable 
bits are contained in special register PIE1 and the 
peripheral interrupt enable bit is contained in special 
register INTCON. 

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 soft
ware before re-enabling interrupts to avoid recursive 
interrupts. 
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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 I NT pin or 
PORTS change interrupt, the interrupt latency will be 
three or four instruction cycles. The exact latency 
depends when the interrupt event occurs (see 
Figure 14-17). 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 poll
ing the interrupt flag bits. The interrupt flag 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 correspond
ing mask bit or the GIE bit. 
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FIGURE 14-15: INTERRUPT LOGIC FOR PIC16C74 AND PIC16C73 

TMR11F 
TMR11E 
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PSPIE 
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CCP11F 
CCP11E 

RCIF 
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CCP21F 
CCP21E 

ADIF 

FIGURE 14-16: INTERRUPT LOGIC FOR PIC16C71 

TOIF 
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~---Wakeup 
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FIGURE 14-17: INT PIN INTERRUPTTIMING 

OSC1 

INT pin 

INlFllag 

(ii in SLEEP mode) 

Interrupt 
to CPU 

(INTCON <1>) i--~-+---< Interrupt Latency (Note 2) 

GIE bit>---------+--------+---~ 
(INTCON <7>) 

INSTRUCTION FLOW 

(tt in SLEEP mode) 

Interrupt 
to CPU 

PC 1~--~PC~----1r~--PC~+~1---r'~--PC~+_1 __ _,~-~0~00~4h~--~~--~0~005~h----f 

Instruction { 
fetched 

Instruction { 
executed 

lnet(PC) Inst (PC+ 1) 

lnet(PC-1) lnst(PC) Dummy cycle 

Notes: 
1. INTF ftag Is sampled here (every 01) 
2. Interrupt latency= 3-4 Tcy where Tcy =instruction cycle time. 

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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14.5.1 INT INTERRUPT 

External interrupt on RSO/INT pin is edge triggered: 
either rising tt INTEDG bit (OPTION<6>) is set, or fall
ing, ii 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 soft
ware in the interrupt service routine before re-enabling 
this interrupt. The INT interrupt can wake up the pro
cessor from SLEEP, tt 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 mode. 

14.5.2 TMRO INTERRUPT 

An overtlow (FFh -t 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 PORTS INTCON CHANGE 

An input change on PORTS <7:4> sets the RSIF 
(INTCON<O>) bit. The interrupt can be enabled/dis
abled by setting/clearing the RSIE (INTCON<4>) bit. 
For operation of PORTS, see Section 5.2. 
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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 reg
isters during an interrupt e.g. W register and STATUS 
register. This will have to be implemented in software. 

Example 14-1 and Example 14-2 store and restore the 
STATUS and W registers. For PIC16C74 and 
PIC16C73, the register, W_TEMP, must be defined in 
both banks and must be defined at the same offset from 
the bank base address (i.e., if W_TEMP is defined at 
Ox20 in bank 0, it must also be defined at OxAO in bank 
1). For PIC16C74 and PIC16C73, the user register, 
STATUS_ TEMP, must be defined in bank 0. 

The example: 

• Stores W register 
• Stores STATUS register in bank 0 

• Executes ISR code 

• Restores STATUS (and bank select bit) register 

• Restores W register 
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EXAMPLE 14-1: SAVING STATUS ANDW REGISTERS IN RAM (PIC16C74 AND PIC16C73) 
MOVWF 

SWAPF 

BCF 

MOVWF 

SWAPF 

MOVWF 

SWAPF 

SWAPF 

W_TEMP 

STATUS,W 

STATUS,RPO 

STATUS_ TEMP 

{ISR) 

STATUS_TEMP,W 

STATUS 

W_TEMP,F 

W_TEMP,W 

; Copy W to TEMP register, could be bank one or zero 

; Swap status to be saved into W 

;Change to bank zero, regardless of current bank 

; Save status to bank zero STATUS_TEMP register 

;Swap STATUS_TEMP register into W {sets bank to 
; original state) 

;Move W into STATUS register 

; Swap W_TEMP 

; Swap W_TEMP into W 

EXAMPLE 14-2: SAVING STATUS ANDW REGISTERS IN RAM (PIC16C71) 
MOVWF 

SWAPF 

MOVWF 

SWAPF 

MOVWF 

SWAPF 

SWAPF 

W_TEMP 

STATUS,W 

STATUS_TEMP 

{ISR) 

STATUS_TEMP,W 

STATUS 

W_TEMP,F 

W_TEMP,W 

© 1995 Microchip Technology Inc. 

;Copy W to TEMP register 

;Swap status to be saved into W 

; Save status to STATUS_TEMP register 

;Swap STATUS_TEMP register into W 

;Move W into STATUS register 

; Swap W_TEMP 

; Swap W_TEMP into W 
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14. 7 Watchdog Timer (WOT) 

The watchdog timer is realized as a free running 
on-chip RC oscillator which does not require any ext er· 
nal components. This RC oscillator is separate from the 
RC oscillator of the CLKIN pin. That means that the 
WDT 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 oper
ation, a WDT time-out generates a device RESET. If the 
device is in SLEEP mode, a WDT timeout causes the 
device to wake-up and continue with normal operation. 
The WDT can be permanently disabled by program
ming the configuration fuse WDTE as a 'O' 
(Section 14.1). 

14.7.1 WDT PERIOD 

The WOT has a nominal time-out period of 18 ms, (with 
no prescaler). The lime-out periods vary with tempera
ture, VDD and process variations from part to part (see 
DC specs). If longer time-out periods are desired, a 
pre scaler 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 
2.3 seconds can be realized. 

The CLRWDT and SLEEP instructions clear the WDT 
and the postscaler, if assigned to the WDT, and prevent 
it from timing out and generating a device RESET con
dition. 

The TO bit in the STATUS register will be cleared upon 
a watchdog timer time-out. 

14.7.2 WDT 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 
time-out occurs. 

FIGURE 14-18: WATCHDOG TIMER BLOCK DIAGRAM 

From TMRO Clock Source 
(see Figure 7 -6) 

Watchdog 
Timer 1---+---l 

WDT 
Enable Bit 

PSA 

Postscaler 

B 

B - to -1 MUX PSO • PS2 

---To TMRO (see Figure 7-6) 

WT 
Time-out 

Note: TOSE, TOCS, PSA, PSO-PS2 are bits in the OPTION register. 

FIGURE 14-19: SUMMARY OF WATCHDOG TIMER REGISTERS 

Address Name 

2007h Config. bits 

81h OPTION 
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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 running, 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 current consumption in this mode, all 1/0 
pins should be either at VDD, or Vss, with no external 
circuitry drawing current from the 1/0 pin, power down 
the AID, disable external clocks. 1/0 pins that are 
hi-impedance inputs should be pulled high or low exter
nally to avoid switching currents caused by floating 
inputs. The TOCKI input should also be at VDD 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 WDT 
time-out does not drive MCrn 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 WDT was 
enabled) 

3. Interrupt from INT pin, RB port change, or some 
Peripheral Interrupts. 

The following peripheral interrupts can wake-up from 
SLEEP: 

PIC16C7X 

1. TM R 1 interrupt. Timer1 must be operating as 
an asynchronous counter. 

2. SSP (Start/S1op) bit detect interrupt. 

3. CCP capture mode interrupt. 

4. Parallel 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 exe
cution. The TO and PD bits in the STATUS register can 
be used to determine the cause of device reset. l50bit, 
which is set on power-up is cl.eared when SLEEP is 
invoked. TO bit is cleared if WDT 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 GIE bit. If the GIE bit is 
clear (disabled), the device continues execution at the 
instruction after the SLEEP instruction. If the GIE bit is 
set (enabled), the device executes the instruction after 
the SLEEP instruction and then branches to the inter
rupt 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 WDT is cleared when the device wakes-up from 
sleep, regardless of the source of wake-up. 

FIGURE 14-20: WAKE-UP FROM SLEEP THROUGH INTERRUPT 

OSC1 

CLKOUT(4) 

/NTFflag 
(INTCON <1>) +------+-------+---~ 

GIEbit 1-------+-------t-----,---,_-----t--, 
(INTCON <7>) Processor In : ~--+------t------1 

SLEEP [ 

INSTRUCTION 
FLOW PC PC PC+1 PC+2 0004h 0005h 

Instruction{ 
fetched Inst (PC)= SLEEP Inst (PC+ 1) lnst(PC+ 2) Inst (0004h) Inst (OOOSh) 

Instruction{ 
executed 

Inst (PC· 1) SLEEP Inst (PC+ 1) Dumm cle Dummy cycle Inst (0004h) 

Notes: 
1. XT, HS or LP oscillator mode assumed 
2. lost= 1024 lose (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 will continue in line. 
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 
programming the code protect bits. 

The PIC16C74and PIC16C73 each have two code pro
tect bits (CP<1:0>) and the PIC16C71 has one code 
protect bit (CP<O>). 

The PIC16C74 and PIC16C73 code protection scheme 
allows the user to selectively protect portions of the pro
gram memory. Refer to Figure 14-1 for code protection 
bit assignments for the PIC16C74 and PIC16C73. 
Once a segment has been code protected, those mem
ory locations cannot be further programmed. Unpro
tected segments can be read and reprogrammed. 

The PIC16C71 has one code protection bit, CPO (refer 
to Figure 14-2). When code protection is enabled, all 
locations 40h and above cannot be reprogrammed. 
The first 64 locations, 00h-3Fh, can be repro
grammed. 

The configuration word and ID locations are not code 
protected for all devices. 

14.10 ID 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 read
able and writable during program/verify. Only the 4 least 
significant bits of ID location are usable. 
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14.11 In-Circuit Serial Programming 

The PIC16CXX microcontrollers can be serially pro
grammed while in the end application circuit. This is 
simply done with two lines for clock and data, 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 
also allows the most recent firmware or a custom firm
ware to be programmed. 

The device is placed into a program/verify mode by 
holding the RB6 and RB7 pins low while raising the 
MCLR (VPP) pin from VIL to VIHH (see programming 
specification). RB6 becomes the programming clock 
and RB7 becomes the programming data. Both RB6 
and RB7 are Schmitt trigger inputs in this mode. 

After reset, to place the device into programming/verify 
mode, the program counter (PC). is at location OOh. A 
6-bit command is then supplied to the device. Depend
ing on the command, 14-bits of program data 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 
Programming Specifications (Literature #DS30228). 

A typical in-system serial programming connection is 
shown in Figure 14-21. 

FIGURE 14-21: TYPICAL IN-SYSTEM SERIAL 
PROGRAMMING 
CONNECTION 

External 
Connector 
Signals . 
r--

+5V 
OV 

Vpp ' 

CLK 

Datal/O 
._______ 

' 

To Normal 
Connections 

J 

To Normal 
Connections 

.. 

PIC16CXX 

voo 
vss 

MCLRNPP 

RB6 

RB7 

VDD 
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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 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~ care location (= 0 or 1) 
The assembler will generate code with x = 0. It is the 
recommended form of use for compatibility 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 Program Counter 

PCLATH Program 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 

[ J Options 

( ) Contents 

---+ Assigned to 

<> Register bit field 

E In the set of 

italics User defined term (font is courier) 
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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 pro
gram 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 instruc
tion 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 15-2 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 
hexadecimal number: 

Oxhh 

where h signifies a hexadecimal digit. 

FIGURE 15-1: GENERAL FORMAT FOR 
INSTRUCTIONS 

Byte-oriented file register operations 

13 8 7 6 

I OPCODE I d I 
d = 0 for destination W 
d = 1 for destination f 
f = 7-bit file register address 

Bit-oriented file register operations 

0 
f (FILE#) 

13 10 9 7 6 0 

I OPCODE I b (BIT#) I f (FILE#) I 
b = 3-bit bit address 
f = 7-blt file register address 

Literal and control operations 

13 8 7 0 

I OPCODE k (literal) I 
k = 8-bit immediate value 
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TABLE 15-2: PIC16CXX INSTRUCTION SET 

Mnemonic, Description Cycles 14-Bit Opcode Status Notes 
Operands msb lsb Affected 

ADDWF f,d AddWandf 1 00 0111 dfff ff ff C,DC,Z 1,2 
ANDWF f,d ANDWandf 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 f 1 00 1001 dfff ffff z 1,2 
DECF f,d Decrement! 1 00 0011 dff f ffff z 1,2 
DECFSZ f,d Decrement f, Skip if O 1(2) 00 1011 dfff ffff 1,2,3 
INCF f,d Increment! 1 00 1010 dfff ffff z 1,2 
INCFSZ f,d Increment f, Skip ii O 1(2) 00 1111 dfff ffff 1,2,3 
IORWF f,d Inclusive OR W and f 1 00 0100 dfff ff ff z 1,2 
MOVF f,d Movef 1 00 1000 dfff ff ff z 1,2 
MOVWF f MoveWtof 1 00 0000 lfff ffff 
NOP . No Operation 1 00 0000 OxxO 0000 
RLF f,d Rotate left through carry 1 00 1101 dfff ff ff c 1,2 
RRF f, d Rotate right f through carry 1 00 1100 dfff ffff c 1,2 
SUBWF f,d Subtract W from f 1 00 0010 dff f ffff C,DC,Z 1,2 
SWAPF f,d Swap nibbles in f 1 00 1110 dfff ffff 1,2 
XORWF f, d Exclusive OR W and f 1 00 0110 dfff ff ff z 1,2 

BIT-ORIENTED FILE REGISTER OPERATIONS 

BCF f, b BitClearf 1 01 OObb bf ff ffff 1,2 
BSF f,b Bit Sett 1 01 Olbb bf ff ff ff 1,2 
BTFSC f, b Bit Test f, Skip ii Clear 1 (2) 01 lObb bf ff ffff 3 
BTFSS f,b BitTest f, Skip if Set 1 (2) 01 llbb bf ff 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,J50 
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,J50 
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 
Note 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, ii 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'. 

Note 2: If this instruction is executed on the TMRO register (and, where applicable, d=1), the prescaler will be cleared 
if assigned to the TMRO. 

Note 3: If Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The sec
ond cycle is executed as a NOP. 
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15.1 Instruction Descriptions _ 

ADDLW 

Syntax: 

Operands: 

Operation: 

Add Literal to W 

[ label] ADDLW k 

Osks255 

(W)+k~W 

Status Affected: C, DC, Z 
Encoding: ~J -1-1-~J-1_11_x~-k-kk-k-~k-k_k_k~ 

Description: 

Words: 

Cycles: 

Example 

ADDWF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

The contents of the W register are 
added to the eight bit literal 'k' and the 
result is placed in the W register. 

ADDLW Oxl5 

Before Instruction 
W = Ox10 

After Instruction 
W = Ox25 

ADDW tof 

[label] ADDWF f,d 

Osfs127 
d E (0,1) 

{W) + {f) ~ (dest) 

C,DC,Z 

1 oo I 0111 I dfff ff ff 

Add the contents of the W register to 
register 'f'. If 'd' is 0 the result is 
stored in the W register. If 'd' is 1 the 
result is stored back in register 'I'. 

ADDWF FSR, 0 

Before Instruction 
W = Ox17 
FSR = OxC2 

After Instruction 
W = Ox09 
FSR = OxC2 
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ANDLW And Literal and W 

Syntax: [ label] ANDLW k 

Operands: Osks255 

Operation: (W) .AND. (k) ~ W 

Status Affected: Z 
Encoding: ~-1-1-~J-1_0_0_1-rJ_k_k_k_k_~l -k-kk-k~ 

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 eight btt literal 'k'. 
The result is placed in the W register. 

ANDLW Ox5F 

Before Instruction 
W = OxA3 

After Instruction 
W = Ox03 

AND Wwithf 

[label] ANDWF f,d 

Osfs127 
d E (0,1] 

(W) .AND. (f) ~ (dest) 

z 
oo I 0101 I dfff ff ff 

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 'f'. 

ANDWF FSR, 1 

Before Instruction 
W = Ox17 
FSR = OxC2 

After Instruction 
W = Ox17 
FSR = Ox02 
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BCF Bit Clearf 

Syntax: [label] BCF l,b 

Operands: O s I s 127 
0Sb$7 

Operation: o --t f <b> 

Status Affected: None 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

BSF 

Syntax: 

Operands: 

01 I OObb bfff 

Bit 'b' in register T is cleared. 

BCF FLAG_REG, 7 

Before Instruction 
FLAG_REG = OxC7 

After Instruction 
FLAG_REG = Ox47 

Bit Set f 

[label] BSF f,b 

0$f$127 
0Sb$7 

Operation: 1 --t kb> 

Status Affected: None 

Encoding: 01 Olbb bfff 

Description: 

Words: 

Cycles: 

Example 

Bit 'b' in register 1' is set. 

BSF FLAG_REG, 7 

Before Instruction 
FLAG_REG= OxOA 

After Instruction 
FLAG_REG= OxBA 
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ffff 

ff ff 

BTFSC BIT Test, skip if Clear 

Syntax: [label] BTFSC f,b 

Operands: 0 s f s 127 
0SbS7 

Operation: skip if (kb>) = 0 

Status Affected: None 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

01 i 1obb bf ff ff ff 

If bit 'b' in register 1' is 'O' then the next 
instruction is skipped. 
If bit 'b' is 'O' then the next instruction 
fetched during the current instruction 
execution is discarded, and a NOP is 
executed instead, making this a 2 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 
if FLAG<1>=1, 
PC=address 

TRUE 

FALSE 
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BTFSS Bit Test, skip if Set 

Syntax: [ label] BTFSS f,b 

Operands: 0 $ f $ 127 
0$b<7 

Operation: skip if (kb>)= 1 

Status Affected: None 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

CALL 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

01 I llbb bf ff ff ff 

If bit 'b' in register 'f' is '1' then the next 
instruction is skipped. 
If bit 'b' is '1', then the next instruction 
fetched during the current instruction 
execution, is discarded and a NOP is 
executed instead, making this a 2 cycle 
instruction. 

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 

Subroutine Call 

[ label] CALL k 

0$ k$2047 

(PC)+ 1 ~ TOS, 
k ~ PC<10:0>, 
(PCLATH<4:3>) ~ PC<12:11> 

None 

10 I Okkk I kkkk I kkkk 

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 upper bits of 
the PC are loaded from PCLATH. 
CALL is a two cycle instruction. 

1 

2 

HERE CALL THERE 

Before Instruction 
PC = 
HERE 

After Instruction 

Address 

PC = Address 
THERE 
TOS = Address 
HERE + 1 
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CLRF Clearf 

Syntax: [label] CLRF 

Operands: O $ f $127 

Operation: OOh ~ f 
1~Z 

Status Affected: Z 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

CLRW 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

00 0001 lfff ffff 

The contents of register 1' are cleared 
and the Z bit is set. 

CLRF FLAG_ REG 

Before Instruction 
FLAG_REG 

After Instruction 
FLAG_REG 
z 

Clear W Register 

[label] CLRW 

None 

OOh ~(W) 
1~Z 

z 

Ox SA 

OxOO 
1 

oo 0001 I oxxx xxxx 
W registered is cleared. Zero bit (Z) is 
set. 

CLRW 

Before Instruction 
W = Ox5A 

After Instruction 
w 
z 

OxOO 
1 
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CLRWDT 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

COMF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

Clear Watchdog Timer 

[ label] CLRWDT 

None 

OOh~WDT 

o ~ WOT prescaler, 
1 ~m 
1 ~PD 

TO,PO 
I oo 0000 0110 0100 

CLRWDT instruction resets the 
watchdog timer. It also resets the 
prescaler of the WDT. Status bits TI5 
and PO are set. 

CLRWDT 

Before Instruction 
WDT counter ? 

After Instruction 
WDT counter oxoo 
WDT prescale = O 
TO 
]51) 

Complement f 

[label] COMF f,d 

0SfS127 
d E [0,1.J 

(f) ~ (dest) 

z 
00 I 1001 dfff ffff 

The contents of register 1' are comple-
mented. If 'd' is o the result is stored in 
W. If 'd' is 1 the result is stored back in 
register 1'. 

COMF REGl,O 

Before Instruction 
REG1 

After Instruction 
REG1 
w 

Ox13 

Ox13 
Ox EC 
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DECF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

DECFSZ 

Syntax: 

Operands: 

Operation: 

Decrement f 

[label] DECF f,d 

0SfS127 
d E (0,1] 

(f)-1 ~ (dest) 

z 
1 oo I 0011 dfff ffff 

Decrement register 1'. If 'd' is O the 
result is stored in the W register. If 'd' 
is 1 the result is stored bacR in register 
1'. 

DECF CNT, 1 

Before Instruction 
CNT Ox01 
z 0 

After Instruction 
CNT OxOO 
z 1 

Decrement f, skip if O 

[label] DECFSZ l,d 

0SfS127 
d E [0,1] 

(I) - 1 ~ d; skip if result = 0 

Status Affected: None 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

oo 11011 I dfff I ffff 

The contents of register 'f' are decre
mented. If 'd' is 0 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 

Before Instruction 
PC address HERE 

After Instruction 
CNT CNT-1 
ttCNT 0, 
PC address CON-

TINUE 
HCNT * 0, 
PC address 

HERE+l 
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GOTO 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

INCF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

Unconditional Branch 

[ label] GOTO k 

O~k~2047 

k~ PC<10:0> 
(PCLATH<4:3>) ~ PC<12:11> 

None 

10 I lkkk I kkkk I kkkk 

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. 

1 

2 

GOTO THERE 

After Instruction 
PC = Address THERE 

lncrementf 

[label] INCF f,d 

O~f~127 

d E (0,1] 

(f) + 1 ~ (dest) 

z 
00 i 1010 dfff ffff 

The contents of register 1' 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 1'. 

1 

1 

INCF CNT, 1 

Before Instruction 
CNT 
z 

After Instruction 
CNT 
z 

Ox FF 
0 

OxOO 
1 
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INCFSZ 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Enc.oding: 

Description: 

Words: 

Cycles: 

Example 

IORLW 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

PIC16C7X 

Increment f, skip if 0 

[label] INCFSZ f,d 

O~f~127 
d E (0,1] 

(f) + 1 ~ (dest), skip if result= O 

None 

oo i 1111 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 'f. 
11 the result is 0, the next instruction, 
which is already fetched, is decre
mented. A NOP is executed instead 
making It a two cycle instruction. 

1 

1(2) 

HERE INCFSZ CNT, 1 
GOTO LOOP 

CONTINUE 

Before Instruction 
PC address HERE 

After Instruction 
CNT CNT+ 1 
ffCNT= 0, 
PC address CON-

TINUE 
i!CNT,o 0, 
PC address HERE 

+1 

Inclusive OR LHeral with W 

[label] IORLW k 

O~k~255 

(W) .OR. (k) ~ (W) 

z 
u i 1000 I kkkk kkkk 

The contents of the W register are 
OR'ed with the eight bit llteral 'k'. The 
result is placed in the W register. 

IORLW Ox35 

Before Instruction 
W = Ox9A 

After Instruction 
W = OxBF 
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IORWF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

MOVLW 

Syntax: 

Inclusive OR W with f 

[label] IORWF f,d 

O:S:f:S:127 
d E (0,1] 

(W) .OR. (f) -t (W) 

z 
I oo I 0100 I dfff ffff 

Inclusive OR theW register with regis
ter 'f'. If 'd' is o the result is placed in 
the W register. If 'd' is 1 the result is 
placed back in register 1'. 

IORWF RESULT, 0 

Before Instruction 
RESULT Ox13 
W Ox91 

After Instruction 
RESULT = Ox13 
W Ox93 

Move Literal to W 

[ label] MOVLW k 

Operands: O :s; k :s; 255 

Operation: k -t (W) 

Status Affected: None 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

11 OOXX kkkk kkkk 

The eight bit literal 'k' is loaded into W 
register. The don't cares will assem
ble as O's. 

MOVLW Ox SA 

After Instruction 
W = Ox5A 
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MOVF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

MOVWF 

Syntax: 

Movef 

[label] MOVF f,d 

O:S:f:S:127 
d E (0,1] 

(f) -t (des!) 

z 
00 j 1000 dfff ff ff 

The contents of register f is moved to 
destination d. If d=O, destination is W 
register. If d=t, 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 reg-
ister 

MoveWtof 

[label] MOVWF 

Operands: 0 :s; f :s; 127 

Operation: (W) -t (f) 

Status Affected: None 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

00 0000 lfff ff ff 

Move data from W register to register 
1'. 

1 

MOVWF OPTION 

Before Instruction 
OPTION 
w 

After Instruction 

Ox FF 
Ox4F 

OPTION Ox4F 
W Ox4F 
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NOP No Operation 

Syntax: [label] NOP 

Operands: None 

Operation: No operation 

Status Affected: None 

Encoding: 00 I 0000 OX.XO 0000 

Description: No operation. 

Words: 

Cycles: 

Example NOP 
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RETFIE 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

RETLW 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

PIC16C7X 

Return from Interrupt 

[label] RETFIE 

None 

TOS-t PC, 
1 -t GIE; 

None 

00 0000 0000 1001 

Return from Interrupt. Stack is popped 
and Top of Stack (TOS) is loaded in 
the PC. Interrupts are enabled by set
ting the Global Interrupt Enable (GIE) 
bit. GIE is the global interrupt enable 
bit (INTCON<7>). This is a two cycle 
instruction. 

1 

2 
RETFIE 

After Interrupt 
PC = TOS 
GIE = 1 

Return Literal to W 

[label] RETLW k 

Qs;;ks;;255 

k -t W; TOS -t PC; 

None 

11 I OlXX I kkkk I kkkk 

The W register is loaded with the eight 
bit llteral '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 
;W now has table value 

TABLE ADDWF PC 1W = offset 
REl'll'l kl 'Begin table 
REl'll'l k2 

.RE'l'lli kn ; Erxl of table 

Before Instruction 
W = Ox07 

After Instruction 
W = value of k7 
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RETURN 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

RLF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

Return from Subroutine 

[label] RETURN 

None 

TOS~ PC; 

None 

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 

Rotate Left f through Carry 

[ label] RLF f,d 

0$f$127 
de [0,1] 

See description below 

c 
1 oo i 1101 I dfff ffff 

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 regis
ter 'I'. 

~ register f l:J 

RLF REGl,0 

Before Instruction 
REGl 
c 

After Instruction 

11100110 

REGl 11100110 
w 11001100 
c 
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RRF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

SLEEP 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

Rotate Right f through Carry 

[label] RRF f,d 

0$1$127 
de [0,1] 

See description below 

c 
I oo 1 1100 1 dfff ffff 

The contents of register 'f are rotated 
one bit to the right lhrou!tl the Carry 
Flag. H 'd is 0 the result is placed in the 
W register. H 'd is 1 the result is placed 
back in register T. 

cfil:I register I 1--, 

RRF REGl,O 

Before Instruction 
REGl 11100110 
c 

Alter Instruction 
REGl 11100110 
w 01110011 
c 1 

[label] SLEEP 

None 

OOh~WDT, 

0 ~ WDT prescaler 
1 ~ro. 
0~151) 

TO, l5lJ 
1 oo I 0000 0110 0011 

The power down status bit (!50) 
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 14.8 for 
more details. 

SLEEP 
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SUBLW Subtract W from Literal SUBWF Subtract W from f 

Syntax: [/abs/) SUBLW k Syntax: [/abs/] SUBWF f,d 

Operands: O~k~255 Operands: 0~1~127 

Operation: k- (W)-+ (W) de [0,1) 

Status Affected: C,DC,Z Operation: f - (W)---+ (dest) 

Encoding: I 11 I 11ox I kkkk I kkkk I Status Affected: C,DC,Z 

Description: The W register is subtracted (2's Encoding: I 00 I 0010 1 dfff 1 f_f ff 1 

complement method) from the Description: Subtract (2's complement math-
eight bit literal 'k'. The result is odize W register from register 'I'. 
placed in the W register. If 'd' is O the result is stored in 

Words: 1 the W register. If 'd' is 1 the 

Cycles: 
result is stored back in register 
·r. 

Example 1: SUBLW Ox02 Words: 
Before Instruction Cycles: 

w = 1 Example 1: SUBWF REGl,l c ? 

After Instruction 
Before Instruction 

REG1 3 w = w 2 c 1; result is c ? 
positive 

After Instruction 
Example2: Before Instruction 

w REG1 1 
= 2 w 2 c ? c 1; result Is 

After Instruction positive 

w = 0 Example2: Before Instruction 
c 1; result is REG1 2 
zero w 2 

Example3: Before Instruction c ? 

w = 3 After Instruction 
c ? REG1 0 

After Instruction w 2 

w FF c 1; result Is = 
c O; result is zero 

negative Example3: Before Instruction 

REG1 1 
w 2 
c ? 

After Instruction 

REG1 FF 
w 2 
c O; result Is 

negative 
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SWAPF Swapf 

Syntax: [label SWAPF f,d 

I 
Operands: 0S:fS:127 

de [0,1) 

Operation: f<0:3> ~ d<4:7>, 
f<4:7> ~ d<0:3> 

Status Affected: None 

Encoding: I oo I 1110 I dfff ffff 

Description: The upper and lower nibbles of 
register 'f' are exchanged. If 'd' is 
O the result is placed in W register. 
If 'd' is 1 the result is placed in reg-
ister'f. 

Words: 

Cycles: 

Example SWAP REG, 0 
F 

Before Instruction 

REG1 OxAS 

After Instruction 

REG1 OxAS 
W Ox SA 
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XORLW 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

XORWF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

Exclusive. OR Literal with W 

[ /abe/] XORLW k 

Os:ks:255 

0N) .XOR. k ~ (W) 

z 
1 11 i 1010 I kkkk I kkkk I 
The contents of the W register 
are XOR'ed with the eight bit lit
eral 'k'. The result is placed in 
the W register. 

1 

XORLW OxAF 

Before Instruction 

W = OxBS 

After Instruction 

W = Ox1A 

Exclusive OR W with f 

[ /abe/) XORWF f,d 

OS:fS:127 
de (0,1) 

(W) .XOR. (f) ~ (des!) 

z 
1 oo I 0110 I dfff ff ff 

Exclusive OR the contents of the 
W register with register 'f'. If 'd' is 
O the result is stored in the W reg
ister. If 'd' is 1 the result is stored 
back in register 'f'. 

1 

1 

XORWF REG 1 

Before Instruction 

REG OxAF 
W OxBS 

After Instruction 

REG Ox1A 
W OxBS 
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16.0 DEVELOPMENT SUPPORT 

16.1 Development Tools 

The PIC16/17 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 

• PICDEM-1 Low-Cost Demonstration Board 

• PICDEM-2 Low-Cost Demonstration Board 

• MPASM Assembler 

• MPSIM Software Simulator 

• C Compiler (MP-C) 

• Fuzzy logic development system 
(fuzzyTECH®-MP) 

16.2 PICMASTER: High Performance 
Universal In-Circuit Emulator 

The PICMASTER Universal In-Circuit Emulator pro
vides the product development engineer with a com
plete microcontroller design tool set for all 
microcontrollers in the PIC16CSX, PIC16CXX and 
PIC17CXX families. A PICMASTER System configura
tion is shown in Figure 16-1. 

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 386 and better machines. The development 
software runs in the Microsoft Windows™ 3.x environ
ment, allowing the operator access to a wide range of 
supporting software and accessories. 

PIC16C7X 

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-lntertace Card 

• Emulator Control Pod 

• Target-Specific Emulator Probe 

• PC Host Emulation Control Software 

The Windows 3.x operating system allows the devel
oper to take full advantage of the many powertul fea
tures and functions of the PICMASTER system. 

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

PC-Host emulation control software takes full advan
tage of Dynamic Data Exchange (DDE), a feature of 
Windows 3.x. 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 database 
program for further analysis. 

Under Windows 3.x1, two or more PICMASTER emula
tors can be 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). 

The PICMASTER probes currently meet the specifica
tions shown in Table 16-1. 

FIGURE 16-1: PICMASTER SYSTEM CONFIGURATION 

Windows3.x 

Common Interface Card 
PC Compatible Computer 
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n- me 
Power Supply 

(Optional) 

Power Switch 

Ext +SV 

PICMASTER Emulator Pod 

< 90-250VAC 

Logic Probes 
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TABLE 16-1: PICMASTER PROBE SPECIFICATION 

PROBE 

PICMASTER Probe Devices Supported Maximum Operating 
Frequency Voltage 

PROBE-168 PIC16C71 10MHz 4.5V-5.5V 
PROBE-16C PIC16C84 10MHz 4.5V-5.5V 
PROBE-160 PIC16C54, PIC16C54A, PIC16CR54, PIC16C55, 20MHz 4.5V-5.5V 

PIC16C56, PIC16C57, PIC16CR57A, PIC16C58A, and 
PIC16CR58A 

PROBE-16E PIC16C64 10MHz 4.5V-5.5V 
PROBE-16F PIC16C65*, PIC16C73 and PIC16C74 10MHz 4.5V-5.5V 
PROBE-16G PIC16C61 10MHz 4.5V-5.5V 
PROBE-16H PIC16C620, PIC16C621 and PIC16C622 10MHz 4.5V-5.5V 
PROBE-17A PIC17C42 16MHz 4.5V-5.5V 

* PROBE-16F indirectly supports the PIC16C65. 
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16.3 PRO MATE: Universal Programmer 

The PRO MATE Universal Programmer is a full-fea
tured 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
aione mode the PRO MATE can read, verify or program 
PIC16C5X, PIC16CXX and PIC17CXX devices. It can 
also set fuse configuration and code-protect bits in this 
mode. 

In PC-hosted mode, the PRO MATE connects to the PC 
via one of the COM (RS-232) ports. 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 selection 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 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 dif
ferent processor types and/or package types. 

PRO MATE supports all PIC16C5X, PIC16CXX and 
PIC17CXX processors. 

16.4 PICSTART Low-Cost Development 
System 

The PICSTART programmer 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. PICSTART is not recommended for pro
duction programming. 

© 1995 Microchip Technology Inc. 
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16.5 PICDEM-1 Low-Cost PIC16/17 
Demonstration Board 

The PICDEM-1 is a simple board which demonstrates 
the capabilities of several of Microchip's microcontrol
lers. The microcontrollers supported are: PIC16C5X 
(PIC16C54 to PIC16C58A), PIC16C61, PIC16C62X, 
PIC16C71, PIC16C84 and PIC17C42. All necessary 
hardware and software is included to run basic demo 
programs. The users can program the sample micro
controllers provided with the PICDEM-1 board, on a 
PRO MATE or PICSTART-168 programmer, and 
easily test firmware. The user can also connect the 
PICDEM-1 board to the PICMASTER emulator and 
download the firmware to the emulator for testing. Addi
tional prototype area is available for the user to build 
some additional hardware and connect it to the micro
controller socket(s). Some of the features include an 
RS-232 interface, a potentiometer for simulated analog 
input, push-button switches and eight LEDs connected 
toPORTB. 

16.6 PICDEM-2 Low-Cost PIC16CXX 
Demonstration Board 

The PICDEM-2 is a simple demonstration board that 
supports the PIC16C64, PIC16C65, PIC16C73 and 
PIC16C74 microcontrollers. All the necessary hard
ware and software is included to run the basic 
demonstration programs. The user can program 
the sample microcontrollers provided with the PIC
DEM-2 board, on a PRO MATE programmer or PIC
START-16C, and easily test firmware. The 
PICMASTER emulator may also be used with the PIC
DEM-2 board to test firmware. Additional prototype 
area has been provided to the user for adding addi
tional hardware and connecting it to the microcontroller 
socket(s). Some of the features include a RS-232 inter
face, push-button switches, a potentiometer for simu
lated analog input, a Serial EEPROM to demonstrate 
usage of the 12C bus and separate headers for connec
tion to and LCD module and a keypad. 
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16.7 Assembler lMPASM) 

The MPASM Cross Assembler is a PC-hosted symbolic 
assembler. It supports all microcontroller series includ
ing the PIC16C5X, PIC16CXX, and PIC17CXX fami
lies. 

MPASM offers full 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 Microchip 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 files, Listing files, Symbol files 
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 rep
resented by four basic classes of directives: 

• Data Directives control the allocation of memory 
and provide a way to refer to data items symboli
cally, 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 condition
ally assembled code. 

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

16.8 Software Simulator (MPSIM) 

The MPSIM Software Simulator allows code develop
ment in a PC host environment. It allows the user to 
simulate the PIC16/17 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. MPSIM fully supports symbolic debugging 
using MP-C and MPASM. The Software Simulator 
offers the low cost flexibility to develop and debug code 
outside of the laboratory environment making it an 
excellent multi-project software development tool. 

16.9 C Compiler (MP-C) 

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 
(emulator software versions 1.13 and later). 

The MP-C Code Development System is supplied 
directly by Byte Craft Limited of Waterloo, Ontario, Can
ada. If you have any questions, please contact your 
regional Microchip FAE or Microchip technical support 
personnel at (602) 786-7627. 

16.10 Fuzzy Logic Development System 
(fuzzvTECH-MPl 

fuzzyTECH-MP fuzzy logic development tool comes in 
two versions: a low cost introductory version, 
MP Explorer, for designers to gain a comprehensive 
working knowledge of fuzzy logic system design, and a 
full-featured fuzzyTECH-MP Edition for implementing 
more complex systems. 

Both versions include Microchip's fuzzyLAB™ demon
stration board for hands-on experience with fuzzy logic 
systems implementation. 

16.11 Development Systems 

For convenience, the development tools are packaged 
into comprehensive systems as listed in Table 16-2. 

TABLE 16·2: DEVELOPMENT SYSTEM PACKAGES 

Item Name System Description 

1. PICMASTER System PICMASTER In-Circuit Emulator with PRO MATE Programmer, Assembler, 
Software Simulator, Samples, and your choice of Target Probe, 

2. PICSTART System PICSTART Low-Cost Prototype Programmer, Assembler, Software Simulator 
and Samples. 

3. PRO MATE System PRO MATE Universal Programmer, full featured stand-alone or PC-hosted pro-
grammer, Assembler, Simulator 
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17.0 ELECTRICAL CHARACTERISTICS FOR PIC16C74 AND PIC16C73 
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 "fi.ifC[R) .....................................•................. -0.6V to VDo +0.6V 

Voltage on Voo with respect to Vss ............................................................................................................... Oto +7 .5 V 

Voltage on MCLR with respect to Vss (Note 2) ................................................................................................ 0 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, IOK (VO <O or VO>VDo) ..............................................................................•.•.......•...........•...••.•....•... ±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)tt ............................................................... 200mA 

Maximum Current sourced by PORTA, PORTB, and PORTE (combined)tt .......................................................... 200mA 

Maximum Current sunk by PORTC and PORTO (combined)tt ............................................................................. 200mA 

Maximum Current sourced by PORTC and PORTO (combined)tt ........................................................................ 200mA 

Note 1: Power dissipation is calculated as follows: Pdis = VDo x {loo - :E IOH} + :E {(Voo-VoH) x loH} + :E(Vol x loL) 

Note 2: Voltage spikes below Vss at the~ 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 liACCR pin rather than pulling 
this pin directly to Vss. 

TABLE 17-1: CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS 
AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES) 

osc PIC16C74-o4 
PIC16C73-o4 

RC Voo: 4.0V to 6.0V 
loo: 5mA Max. at 5.5V 
IPO: 21 µA Max. at 4V WOT dis 
Freq: 4MHz Max. 

XT Voo: 4.0V to 6.0V 
loo: 5mA Max. at 5.5V 
IPo: 21 µA Max. at 4V WOT dis 
Freq: 4MHz Max. 

Do not use In LP mode 

Voo: 4.5V to 5.5V 
loo: 30mA Max. at 5.5V 

.i~\¥i1~-"{i1\!~tW~t1~@t 
Freq: 20MHz Max. 

Do not use in LP mode 

Do not use in HS mode 

Voo: 3.0V to 6.0V 
loo: 48µA Max. at 32 KHz, 3.0V 
IPO: 13.SµA Max. at 3.0V WOT dis 
Freq: 200KHz Max. 

The shaded sections indicate oscillator selections which are tested for functionality, but not for MIN/MAX specifica
tions. It is recommended that the user select the device type that guarantees the specifications required. 
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PIC16C7X 

17.1 DC Characteristics: PIC16C74-04 (Commercial, Industrial, Automotive) 
PIC16C74-10 (Commercial, Industrial, Automotive) 
PIC16C74-20 (Commercial, Industrial, Automotive) 
PIC16C73-04 (Commercial, Industrial, Automotive) 
PIC16C73-10 (Commercial, Industrial, Automotive) 
PIC16C73-20 (Commercial, Industrial, Automotive 

Standard Operating Conditions (unless otherwise stated) 
Operating temperature .4o·c s; TA s; + 125"C for automotive, 

DC CHARACTERISTICS -40"C STAS+ 85"C for industrial and 
o·c s; TA s; +70"C for commercial 

Operating voltage Voo = 4.0V to 6.0V 

Characteristic Sym Min Typt Max Units Conditions 

Supply Voltage Voo 4.0 . 6.0 v XT, RC and LP osc configuration 
4.5 . 5.5 v HS osc configuration 

RAM Data Retention VOR . 1.5 - v Device in SLEEP mode 
Voltage (Note 1) 

Voo start voltage to VPOR . Vss - v See section on power-on reset for details 
guarantee Power-On Reset 

Voo rise rate to guarantee Svoo o.o5• . - Vims See section on power-on reset for details 
Power-On Reset 

Supply Current (Note 2, 5) loo - 2.7 5 mA XT, RC, osc configuration (PIC16C74-04) 
Fosc = 4 MHz, Voo = 5.5V (Note 4) 

. 
52.5 105 µA LP osc configuration (PIC16C74-04) 

Fosc = 32 KHz, Voo = 4.0V, WOT disabled 
. 

13.5 30 mA HS osc configuration (PIC16C74-20) 
Fosc = 20 MHz, Voo = 5.5V 

Power Down Current (Note 3, 5) IPO . 10.5 42 µA VoD=4.0V, WOT enabled,-40"C to +85°C 
- 1.5 21 µA VoD=4.0V, WOT disabled,.OOC to +70°C 
- 1.5 24 µA VOD=4.0V, WOT disabled,-40"C to +85°C 
. 1.5 TBO µA VoD=4.0V, WOT disabled,-400C to + 125°C 
. 15* 32* µA LP osc, VDD=2.5V, Sleep Mode, 

TMR1 External Clock=32KHz, Commercial 
. 19* 40* µA LP osc, VD0=2.5V, Sleep Mode, 

TMR1 External Clock=32KHz, Industrial 

These parameters are characterized but not tested. 
t Data In "Typ" column is at 5V, 2s·c unless otherwise stated. These parameters are for design guidance only and are not 

tested. 
Note 1: This Is the limit to which Voo can be lowered in SLEEP mode without kising 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 con
sumption. 
The test conditions for all IDD measurements in active operation mode are: 
OSC1 =external square wave, from rail to rail; all 1/0 pins tristated, pulled to Voo. 
rerJ! = Voe; 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-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 for
mula Ir = Voo/2Rext (mA) with Rext in kOhm. 

5: Timer1 oscillator (when enabled) adds approximately 20µA to the specification. This value is from characterization and is for 
design guidance only. This is not tested. 
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17.2 DC Characteristics: 

PIC16C7X 

PIC16LC74-04 (Commercial, Industrial, Automotive) 
PIC16LC73-04 (Commercial, Industrial, Automotive) 

Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40'C s TA s + 125'C for automotive, 

DC CHARACTERISTICS -40'C s TA s + 85'C for industrial and 
o·c s TA s + 70'C for commercial 

Operating voltage Voo = 3.0V to 6.0V 

Characteristic Sym Min Typt Max Units Conditions 

Supply Voltage Voo 3.0 - 6.0 v LP osc configuration 
3.0 - 6.0 v XT, RC osc configuration (DC - 4MHz) 

RAM Data Retention Voltage VOA 1.5* - - v Device in SLEEP mode 
(Note 1) 

Voo start voltage to guarantee VPOR - Vss - v See section on power-on reset for details 
Power-On Reset 

Voo rise rate to guarantee Svoo 0.05* - - Vims See section on power-on reset for details 
Power-On Reset 

Supply Current (Note 2, 5) loo - 2.0 3.8 mA XT, RC osc configuration 
Fosc = 4 MHz, Voo = 3.0V (Note 4) 

- 22.5 48 µA LP osc configuration 
Fosc = 32 KHz, Voo = 3.0V, WOT disabled 

Power Down Current (Note 3, 5) IPO - 7.5 30 µA Vo0=3.0V, WOT enabled,-40°C to +85°C 
- 0.9 13.5 µA Vo0=3.0V, WOT disabled,OOC to +70°C 

- 0.9 18 µA Vo0=3.0V, WOT disabled,-400C to +85°C 
- 0.9 24 µA Vo0=3.0V, WOT disabled,-40°C to+ 125°C 

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. 
Note 1: This is the llmlt 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 con
sumption. 
The test conditions for all loo measurements In active operation mode are: 
OSC1=external square wave, from rail to rail; ail 1/0 pins tristated, pulled to Voo. 
~ = 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-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 for
mula Ir= Voo/2Rext (mA) with Rext in kOhm. 

5: Timer1 oscillator (when enabled) adds approximately 20µA to the specification. This value is from characterization and is for 
design guidance only. This Is not tested. 
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17.3 DC Characteristics: · 

DC CHARACTERISTICS 

Characteristic Sym 

Input Low Voltage 
1/0 ports VIL 

with TTL buffer 
with Schmitt Trigger buffer 

MCLR, RA4/TOCKl,OSC1 (in RC 
mode) 
OSC1 (in XT, HS and LP) 
Input High Voltage 
l/Oports VIH 

with TTL buffer 

with Schmitt Trigger buffer 
MCLR RA4/TOCKI, RC<7:4>, 
RD<7.4>1NT 
RE<2:0>, OSC1 (XT, HS and LP) 
PortB weak pull-up current IPURB 
Input Leakage Current (Notes 2,3) 
l/Oports Ill 
MCLR, RA4/TOCKI 
OSC1 

Output Low Voltage 
l/Oports VOL 

OSC2/CLKOUT 
(RC osc configuration) 
Output High Voltage 
110 ports (Note 3) VOH 

OSC2/CLKOUT 
(RC osc configuration) 
Capacitive Loading Specs on Out-
put Pins 
OSC2pin Cosc2 

All 1/0 pins and OSC2 (in RC mode) C10 

SCL, SDA in 12C mode Cb 

PIC16C74-04 (Commercial, Industrial, Automotive) 
PIC16C74~10 (Commercial, Industrial, Automotive) 
PIC16C74-20 (Commercial, Industrial, Automotive) 
PIC16LC74-04 (Commercial, Industrial, Automotive) 
PIC16C73-04 (Commercial, Industrial, Automotive) 
PIC16C73-10 (Commercial, Industrial, Automotive) 
PIC16C73-20 (Commercial, Industrial, Automotive) 
PIC16LC73-04 (Commercial, Industrial, Automotive) 
Standard Operating Conditions (unless otherwise stated) 
Operating temperature ·40'C STAS+ 125'Cforautomotive, 

-40'C 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 Table 17·1 and 
Table 17-2 

Min TWj Max Units Conditions 

Vss . a.av v 
Vss . 0.2VDD v 
Vss - 0.2VDD v 

Vss . 0.3VDD v Note1 

. 
2.0 - VDD v 4.5 S VDD S5.5V 

0.85 VDD - VDD v For entire Voo range 
0.85VDD . Voo v For entire Voo range 
0.85 VDD . VDD v 

0.7 VDD . VDD v Note1 
50 200 t400 µA VDD = 5V, VPIN = Vss 

. . ±1 µA Vss s VPIN s Voo, Pin at hi-impedance 

. . ±5 µA Vss $ VPIN s VDD 

. . ±5 µA Vss $ VPIN $ VDD, XT, HS and.LP osc con 
figuration 

. . 0.6. v loL = 8.5mA, Voo-4.5V, -40°C to +85°C 

. . 0.6 v loL = 7.0mA, Voo-4.5V, -40°C to +125°C 

. . 0.6 v IOL = 1.6mA, Voo-4.5V, -40°C to +85°C 

. . 0.6 v IOL = 1.2mA, Voo-4.5V, -40°C to + 125°C 

Voo-0.7 . . v loH = -3.0mA, Voo=4.5V, -40°C to +85°C 
Voo-0.7 . . v loH = -2.5mA, VDD=4.5V, -40°C to + 125°C 
Voo-0.7 . . v loH = -1.3mA, VDD=4.5V, -40°C to +85°C 
Voo-0.7 . . v loH = -1.0mA, VDD=4.5V, -40°C to +125°C 

15 pF In XT, HS and LP modes when external 
clock is used to drive OSC1 . 

50 pF 
400 pF 

t Data in "Typ• column 1s at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 

Nolet: 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 'fiAmJi pin is strongly dependent on the applied voltage level. The specified levels represent nor
mal 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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FIGURE 17-2: LOAD CONDITIONS 

Load condjtjon 1 Load condition 2 

Voo/2 

~RL 
Pin T CL 

Vss 

~ 
Pin T CL 

RL = 464Q 

CL = 100 pF for D and E port outputs when 
used as system bus 

50 pF for all pins except OSC2 
but including D and E outputs as ports 

25 pF for OSC2 output 

Note: PORTD and PORTE are not implemented on the PIC16C73. 
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PIC16C7X 

FIGURE 17-3: CLKOUT AND l/OTIMING 

OSC1 

CLKOUT 

l/OPin 
(input) 

Q4 01 

' ' 
' :....-: 10 

,_, :--13 
' ' . 

:-:14 

'' 
'' 

'' ' :19· : ... 1s-! 
~I 

02 03 

I__....: ~12 
--:-16 

l/O Pin old value new value 
(output) 1--~~~~~~~~~~--" '-~~~...,.--~~~~~~~-..,.~~~~~~~----.., 

__...: :~ 20, 21 

Note: Refer to Figure 17-2 for load conditions 

TABLE 17-3: CLKOUT AND l/OTIMING REQUIREMENTS 

Parameter Sym Characteristic Min Typt Max Units Conditions 
No. 

10 TosH2ckl OSC1T to CLKOUT.f - 15 30 ns Note 1 

11 TosH2ckH OSC11' to CLKOUT1' - 15 30 ns Note 1 

12 TckR CLKOUT rise time - 5 15 ns Note 1 

13 TckF CLKOUT fall time - 5 15 ns Note 1 

14 Tckl2ioV CLKOUT J. to Port out valld - - 0.5Tcv+20 ns Note 1 

15 TioV2ckH Port in valid before CLKOUT 1' 0.25Tcv+25 - - ns Note 1 

16 TckH2iol Port in hold after CLKOUT 1' 0 - - ns Note 1 

17 TosH2ioV OSC11' (01 cycle) to Port out valid - - 80-100 ns 

18 TosH2iol OSC11' (02 cycle) to Port input invalid TBD - - ns 
(110 in hold time) 

19 TioV2osH Port input valid to OSC11' (1/0 In setup TBD - - ns 
time) 

20 Tio A Port output rise time - 10 25 ns 
21 TioF Port output fall time - 10 25 ns 

22tt Tinp INT pin high or low time 20 - - ns 

23tt Trbp RB<7:4> change INT high or low time 20 - - 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. 
tt These parameters are asynchronous events not related to any internal clock edges. 

Note 1: Measurements are taken In RC Mode where CLKOUT output Is 4 x Tosc 
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PIC16C7X 

FIGURE 17-4: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP 
TIMER TIMING 

Voo 

Internal 
POR 

PWRT 
Timeout 

osc 
Timeout 

Internal 
RESET 

Watchdog 
Timer 

RESET 

Ito Pin 

i--33-·1 
I · 32 I 

:----· ' t------------+------___._'~---------

\~, r~ 
::~ 

..... ; 34 I 31 

----------------~--____,_;+-• 

Note: Refer to Figure 17-2 for load conditions 

TABLE 17-4: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP 
TIMER REQUIREMENTS 

Parameter Sym Characteristic Min Typt Max Units Conditions 
No. 

30 Tmcl l'VlCCR Pulse Width (low) 100 - - ns Voo = 5\/, -40"C to + 125"C 

31 Twdt Watchdog Timer Timeout Period 7* 18 33* ms Voo = 5\/, -4o·c to +125"C 

(No Prescaler) 

32 Tost Oscillation Start-up Timer Period 1024 Tosc ms Tosc = OSC1 period 

33 Tpwrt Power up Timer Period 28* 72 132* ms Voo = 5V, -40"C to +125"C 

34 T1oz 1/0 High Impedance from 'fiilCCTi 100 ns 
Low 

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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FIGURE 17·5: TIMERO AND TIMER1 CLOCK TIMINGS 

!. \ } 
---~I II ,1 

l.,.__40-I -41-1 
I I I 

RA4/TOCKI 

I --------42 _____ __,.., 

I 

!. \ ;~-
___ __,, 1 1 11 

RCO/T1CKI 

l.,.__4s-' -4s- 1 
I I I I I 

I -------47----_...,,..__4s------.i 

TMRX 

Note: Refer to Figure 17·2 for load conditions. 

TABLE 17·5: TIMERO ANDTIMER1 CLOCK REQUIREMENTS 

Parameter Sym Characteristic Min 
No. 
4lr TtOH TOCKI High Pulse Width No Prescaler 0.5 Tcv+20• 

With Prescaler 10· 

41 TtOL TOCKI Low Pulse Width No Prescaler 0.5 Tcv+20• 
With Prescaler 10· 

42 TtOP TOCKI Period Il<:t..:UQ* 
N 

45 Tt1H T1CKI High Time Synchronous, No Prescaler 0.5Tcv+20 
Synchronous, With Prescaler 10· 

Asynchronous 2Tcv 
46 Tt1L T1CKI Low Time Synchronous, No Prescaler 0.5Tcv+20• 

Synchronous, With Prescaler 10· 

Asynchronous 2TCY 
47 Tt1P T1CKI input Synchronous Il<:t..:UQ* 

period N 
Asynchronous 4TCY 

Ft1 Timer1 oscillator input frequency range DC 
(oscillator enabled by setting the T1 OSCEN bit) 

48 TcKE21mrl Delay from external clock edge to timer increment 2Tosc 
These parameters are characterized but not tested. 

Typt Max 

- -
- -
- -
- -
- -

- -
- -
- -
- -
- -
- -
- -
- -
- 200 

- 7Tosc 

Units 

ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 
ns 

ns 
KHz 

-

I 
I 

Conditions 

N = prescale value 
(1, 2, 4, ... , 256) 

N = prescale value 
(1,2,4, 8) 

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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PIC16C7X 

FIGURE 17-6: CAPTURE/COMPARE/PWMTIMINGS (CCP1 AND CCP2) 

RC1fT1CKO/CCP2 
and RC2/CCP1 
(Capture Mode) 

\ I 
I I I \~---,,-
I I I I I 

:-- 50 ------.; :.--- 51 
I I -,, 

RC1/T1CKO/CCP2 
and RC2/CCP1 

(Compare or 
PWM Mode) 

_j 
I I 
I I 

53 __., :.--
'. 

Note: Refer to Figure 17-2 for load conditions. 

\ 
,,~---

' 
-: ~54 

TABLE 17-6: CAPTURE/COMPARE/PWM REQUIREMENTS (CCP1 AND CCP2) 

Parameter Sym Characteristic Min Ty pt Max Units Conditions 
No. 

50 Teel CCP1 and CCP2 No Prescaler 0.5 Tcv +20 - - ns 
input low time With Prescaler 10 - - ns 

51 TccH CCP1 and CCP2 No Prescaler o.5Tcv+20 - - ns 

input high time With Prescaler 10 - - ns 

52 TccP CCP1 and CCP2 input period ~· - - ns N = prescale value 
N (1,4or16) 

53 TccR CCP1 and CCP2 output rise time - 10 25 ns 

54 TccF CCP1 and CCP2 output 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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FIGURE 17-7: PARALLEL SLAVE PORT TIMING FOR THE PIC16C74 ONLY 

REO/RD 

RE1/WR 
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' 

\~_/ 

' 

---->---<' ( 

64-+: ~ 

~ ~65 

i. ), >--------<\.______,_.,\ )>----
r 62~ i 

--.: :-63 
Note: Refer to Figure 17-2 for load conditions 

TABLE 17-7: PARALLEL SLAVE PORT REQUIREMENTS FOR THE PIC16C74 ONLY 

Parameter Sym Characteristic Min Typt Max Units Conditions 
No. 

62 TdtV2wrH Data in valid before WR"t or C:St (setup time) 20 - - ns 

63 TwrH2dtl WRt or CS"t to data-in invalid (hold time) 20 - - ns 

64 Trdl2dtV ROJ. and CSJ. to data-out valid - - 40 ns 

65 TrdH2dtl ROt or C:St 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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FIGURE 17-8: SPI MODE TIMING 

SS 

SCK 
(CKP =0) 

SCK 
(CKP= 1) 
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'' 
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'' 
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I 73 I 
~. 

Note: Refer to Figure 17 ·2 for load conditions 

TABLE 17-8: SPI MODE REQUIREMENTS 

Parameter Sym Characteristic 
No. 

70 Tssl2scH, SSJ. to SCKJ. or SCKi input 
Tssl2scl 

71 TscH SCK input high time (slave mode) 

72 Tscl SCK input low time (slave mode) 

73 TdiV2scH, Setup time of SDI data input to SCK 
TdiV2scl edge 

74 TscH2dil, Hold time of SDI data input to SCK 
Tscl2dil edge 

75 TdoR SDO data output rise time 

76 TdoF SDO data output fall time 

77 TssH2doZ SSJ. to SDO output hi-impedance 

78 TscR SCK output rise time (master mode) 

79 TscF SCK output fall time (master mode) 

80 TscH2doV, SDO data output valid alter SCK 
Tscl2doV edge 

PIC16C7X 

' ' ~--~---------
'' +: :.-19 

' ' ' ''c ---~'' 0 
I I I I 

79 -.: :.- -.: :.- 78 
'' 

Min Typt 

TcY -
Tcv + 20 -
Tcv + 20 -

Tcv -

0.5 Tcv -

- 10 

- 10 

10 -
- 10 

- 10 

- -

Max Units Conditions 

- ns 

- ns 

- ns 

- ns 

- ns 

25 ns 

25 ns 

50 ns 

25 ns 

25 ns 

50 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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PIC16C7X 

FIGURE 17-9: 12C BUS START/STOP BITS TIMING 

SCL 

SDA 
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I I~----~ 

~91 
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I 
I I 

'--v-' 
START 

Condition 

Note: Refer to Figure 17-2 for load conditions 

TABLE 17-9: 12C BUS START/STOP BITS REQUIREMENTS 

Parameter Sym Characteristic Min Typ 
No. 

90 Tsu:sTA START condition 100 KHZ mode 4700 -
Setup time 400 KHz mode 600 -

91 THD:STA START condition 100 KHz mode 4000 -
Hold time 400 KHz mode 600 -

92 Tsu:sTo STOP condition 100 KHZ mode 4700 -
Setup time 400 KHz mode 600 -

93 THD:STO STOP condition 100KHz mode 4000 -
Hold time 400KHzmode 600 -

DS30390A-page 2-672 Preliminary 

Max Units 

-
ns -

-
ns -

-
ns 

-
-

ns -

I 

'--v-' 
STOP 

Condition 

93 

Conditions 

Only relevant for repeated START 
condition 

After this period the first clock 
pulse is generated 
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FIGURE 17·10: 12C BUS DATA TIMING 
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Note: Refer to Figure 17-2 for load conditions 

TABLE 17-10: 12C BUS DATA REQUIREMENTS 

Parameter Sym Characteristic Min Max Units Conditions 
No. 

100 THIGH Clock high time 100 KHz mode 4.0 - µs PIC16C74 must operate at a 
minimum of 1.5 MHz 

400 KHz mode 0.6 - µs PIC16C74 must operate at a 
minimum of 10 MHz 

SSP Module 1.5 Tcv -
101 TLOW Clock low time 100 KHz mode 4.7 - µs PIC16C74 must operate at a 

minimum of 1.5 MHz 

400 KHz mode 1.3 - µs PIC16C74 must operate at a 
minimum of 10 MHz 

SSP Module 1.5Tcv -
102 TR SDA and SCL rise 100 KHz mode - 1000 ns 

time 400 KHz mode 20+0.1 Cb 300 ns Cb is specified to be from 
10-400 pF 

103 TF SDA and SCL fall time 100 KHz mode - 300 ns 

400 KHz mode 20+0.1 Cb 300 ns Cb is specified to be from 
10-400 pF 

90 TSU:STA START condition 100 KHz mode 4.7 - µs Only relevant for repeated 
setup time 400 KHz mode 0.6 - µs START condition 

91 THD:STA START condition hold 100 KHz mode 4.0 - µs After this period the first clock 
time 400 KHz mode 0.6 - µs pulse is generated 

106 THD:DAT Data input hold time 100 KHz mode 0 - ns 

400 KHz mode 0 0.9 µs 
107 Tsu: DAT Data input setup time 100 KHz mode 250 - ns Note2 

400 KHz mode 100 - ns 

92 Tsu:STO STOP condition setup 100 KHz mode 4.7 - µs 
time 400 KHz mode 0.6 - µs 

109 TAA Output valid from 100 KHz mode - 3500 ns Note 1 
clock 400 KHz mode - - ns 

110 TBUF Bus free time 100 KHz mode 4.7 - µs 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. 300 ns) 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;DAT<!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 
does stretch the LOW period of the SCL signal, tt must output the next data btt to the SDA line TR 
max.+tsu;DAT =1000+250=1250ns (according to the standard-mode 12c bus specification) before the SCL line is released. 
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FIGURE 17·11: SCI MODULE: SYNCHRONOUS TRANSMISSION (MASTER/SLAVE) TIMING 

RA5/TX/CK 
pin ____ .,, 

~ ~ 121 ---i ~ 121 

RA4/RX/~~ ----""""i--...X.,..i-------------fl'-l--------
_...j ;....._ 120 122 --1 1--

Note: Refer to Figure 17 -2 for load conditions 

TABLE 17-11: SERIAL PORT SYNCHRONOUS TRANSMISSION REQUIREMENTS 

Parameter Sym Characteristic Min Typt Max Units Conditions 
No. 

120 tckH2dtV SYNQ ~MIT (MASTER & SI.AVE) 
Clock high to data out valid - - 50 ns 

121 tckrf Clock out rise time and fall time (Master - - 25 ns 
Mode) 

122 tdtrf Data out rise time and fall time - - 25 ns 
t: Data 1n "Typ" column 1s at 5V, 25"C unless otherwise stated. These parameters are for design guidance only and are not 

tested. 

FIGURE 17-12: SCI MODULE: SYNCHRONOUS RECEIVE (MASTER/SLAVE) TIMING 

RA5JTl(fCK 
pin------' 

RA4/RX/DT -------.. .,.; .. ___ .,-;;---------.,;. ,--------

pin ------' "'---~----------'!''----------

126 

Note: Refer to Figure 17-2 for load conditions 

TABLE 17-12: SERIAL PORT SYNCHRONOUS RECEIVE REQUIREMENTS 

Parameter Sym Characteristic Min Typt Max Units Conditions 
No. 

125 tdtV2ckl SYNQ BCV (MASTER Bl SLA~El 
Data hold before CK J. (DT hold time) 15 - - ns 

126 tckl2dtl Data hold after CK J. (DT hold time) 15 - - 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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TABLE 17-13: AID CONVERTER CHARACTERISTICS: 

Parameter 
No. 

PIC16C74-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16C74-10 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16C74-20 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16C73-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16C73-10 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16C73-20 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE 

Sym Characteristic Min Ty pt Max Units Conditions 

NA Resolution - - B bits - VREF = VDD = 5.12V, Vss <;, AIN <;, VREF 
--

NINT Integral error - - less than - VREF = VDD = 5.12V, Vss $ AIN <;, VREF 
±1 LSb 

NDIF Differential error - - less than - VREF = VDD = 5.12V, Vss <;, AIN <;, VREF 
±1 LSb 

NFS Full scale error - - less than - VREF = VDD = 5.12V, Vss <;, AIN <;, VREF 
±1 LSb 

NOFF Offset error - - less than - VREF = VDD = 5.12V, Vss <;, AIN $ VREF 
±1 LSb 

- Monotonicity - guaranteed - - Vss <;, AIN $ VREF 

VREF Reference voltage 3.0V - VDD + 0.3 v 
VAIN Analog input voltage Vss-0.3 - VREF+ 0.3 v 
ZAIN Recommended - - 10.0 Kn 

impedance of analog 
voltage source 

IAD AID conversion cur- - 180 - µA Average current consumption when 
rent (VDD) AID is on. (Note 1) 

IREF VREF input current - - 1 mA During sampling 
(Note 2) 10 µA All other times 

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. 
Note 1: 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 A/D module. 
2: VREF current is from RA3 pin or VDD pin, whichever is selected as reference input. 
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TABLE 17-14: AID CONVERTER CHARACTERISTICS: 
PIC16LC74-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16C73-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 

Parameter Sym Characteristic Min Typt Max Units Conditions 
No. 

NR Resolution - - 8 bits - VREF = Voo = 3.0V (Note1) 

NINT Integral error - - less than - VREF = VDD = 3.0V (Note1) 
±1 LSb 

NDIF Dttferential error - - less than - VREF = Voo = 3.0V (Note1) 
±1 LSb 

NFS Full scale error - - less than - VREF = Voo = 3.0V (Note1) 
±1 LSb 

NOFF Offset error - - less than - VREF = Voo = 3.0V (Note1) 
±1 LSb 

- Monotonicity - guaranteed - - Vss S AIN S VREF 

VREF Reference voltage 3.0V - Voo+ 0.3 v 
VAIN Analog input voltage Vss-0.3 - VREF+ 0.3 v 
ZAIN Recommended - - 10.0 Kn 

impedance of ana-
log voltage source 

IAD AID conversion cur- - 90 - µA Average current consumption when 
rent (Voo) AID is on. (Note2) 

IREF VREF input current - - 1 mA During sampling 
(Note3) 10 µA All other times 

These parameters are characterized but not tested. 
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: These specttications apply tt VREF = 3.0V and if Voo <: 3.0V. Vin must be between Vss and VREF 

2: 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. 

3: VREF current is from RA3 pin or Voo pin, whichever is selected as reference input. 
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FIGURE 17-13: AID CONVERSION TIMING 

BSF ADCONO, GO x 
- (tosc/2)§ 
~~~~~~~~~~~-131 ~~~~~~~~~---

04 
--..: 130 :.--.. 

A/DCLK _134: 

ND DATA 

SAMPLE ~~~~~~~~~-S_A_M_P_Ll_NG~S-TO_P_P_E_D~~~~~~~~~~~~r----

§: If the AID clock source is selected as RC, a time of Tcv is added before the AID clock starts. 
This allows the sleep instruction to be executed. 

TABLE 17-15: AID CONVERSION REQUIREMENTS 

Parameter Sym Characteristic Min Typt Max Units Conditions 
No. 

130 TAD AID clock period 1.6 - µs VREP-3.0V 

2.0 - µs VREF full range 

130 TAD AID Internal RC ADCS1 ,0 = 11 (RC oscillator 
Oscillator source source) 

3.0 6.0 9.0 µs PIC16LC74 

2.0 4.0 6.0 µs PIC16C74 

131 TcNv Conversion time - 9.5TAD - -
(not including S/H 
time)(Note 1) 

132 TSMP Sampling time 5 - - µs The minimum time is the amplifier 
settling time. This may be used if 
the "new" input voltage has not 
changed by more than 1 LSb (i.e. 
20mV @ 5.12V) from the last sam-
pied voltage (as stated on CHOLD). 

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. 
Note 1: ADRES register may be read on the following Tcv cycle. 
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NOTES: 
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18.0 DC AND AC 
CHARACTERISTICS GRAPHS 
AND TABLES FOR PIC16C74 
AND PIC16C73 

Not Available at this time. 
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NOTES: 
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19.0 ELECTRICAL CHARACTERISTICS FOR PIC16C71 
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 liACC"ri) ........................... '. .......................... -0.6V to VDD +0.6V 

Voltage on Voo with respect to Vss ............................................................................................................... Oto +7.5 V 

Voltage on MCLR with respect to Vss (Note 2) ................................................................................................ 0 to +14 V 

Total power Dissipation (Note 1) ............................................................................................................................ BOOmW 

Maximum Current out of Vss pin ............................................................................................................................ 150mA 

Maximum Current into Voo pin ............................................................................................................................... 100mA 

Input clamp current, hK (Vi<O or VI> Voo) .......................................................................................................................... ±20mA 

Output clamp current, loK (VO <0 or VO>VDD) ................................................................................................................... ±20mA 

Maximum Output Current sunk by any 1/0 pin .......................................................................................................... 25mA 

Maximum Output Current sourced by any 1/0 pin ..................................................................................................... 20mA 

Maximum Current sunk by PORTA ........................................................................................................................... 80mA 

Maximum Current sourced by PORTA ...................................................................................................................... 50mA 

Maximum Current sunk by PORTB ......................................................................................................................... 150mA 

Maximum Current sourced by PORTB .................................................................................................................... 1 OOmA 

Note 1: Power dissipation is calculated as follows: Pdis = VDo x {loo - L, loH} + L, {(Voo-VoH) x loH] + L,(Vol x IOL) 

Note 2: Voltage spikes below Vss at the 1iACC"ri pin, inducing 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 ~pin ratherthan pulling 
this pin directly to Vss. 

TABLE 19-1: CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS 
AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES) 

OSC 16C71-04 

RC Voo: 4.0V to 6.0V 
loo: 3.3mA Max. at 5.5V 
!PD: 14µA Max. at 4V WOT dis 
Freq: 4MHz Max. 

XT Voo: 4.0V to 6.0V 
loo: 3.3mA Max. at 5.5V 
IPD: 14µA Max. at 4 V WOT dis 

t----~Freq: 4MHz Max. 
HS 

LP 

Do not use in LP mode 

Do not use in HS mode 

Voo: 3.0V to 6.0V 
loo: 32µA Max. at 32 KHz, 3.0V 
IPD: 9µA Max. at 3.0V WOT dis 
Freq: 200KHz Max. 

The shaded sections indicate oscillator selections which are tested for functionality, but not for MIN/MAX specifica
tions. It is recommended that the user select the device type that guarantees the specifications required. 
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19.1 DC CHARACTERISTICS: 

DC CHARACTERISTICS 

Characteristic Sym 

Supply Voltage VDD 

RAM Data Retention VDR 
Voltage (Note 1 ) 

Voo start voltage to VPOR 
guarantee Power-On Reset 

Voo rise rate to guarantee SVDD 
Power-On Reset 

Supply Current (Note 2) IDD 

Power Down Current (Note 3) IPD 

PIC16C71-04 (Commercial, Industrial, Automotive) 
PIC16C71-20 (Commercial, Industrial, Automotive) 

Standard Operating Conditions (unless otherwise stated) 
Operating temperature .4o·c s TA s + 125·c for automotive, 

-4o·c s TA s + 85·c for industrial and 
o·c s TA s +7o·c for commercial 

Operating voltage Voo = 4.0V to 6.0V 

Min Ty pt Max Units Conditions 

4.0 . 6.0 v XT, RC and LP osc configuration 
4.5 . 5.5 v HS osc configuration 

. 1.5 . v Device in SLEEP mode 

. Vss . v See section on power-on reset for details 

0.05* . . Vims See section on power-on reset for details 

- 1.8 3.3 mA Fosc = 4 MHz, VDD = 5.5V (Note 4) 

. 35 70 µA LP osc configuration (PIC16LC71-04) 
Fosc = 32 KHz, VDD = 4.0V, WOT disabled 

. 13.5 30 mA HS osc configuration (PIC16C71-20) 
Fosc = 20 MHz, VDD = 5.5V 

. 7 28 µA VDD=4.0V, WOT enabled,-40"C to +85°C 

. 1.0 14 µA VDD=4.0V, WOT disabled,-0°C to +70°C 

. 1.0 16 µA Voo=4.0V, WOT disabled,-40°C to +85°C 

. 1.0 20 µA Voo=4.0V, WOT disabled,-40°C to +125°C 

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. 
Note 1: This is the limlt 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 con
sumption. 
The test conditions for all I DD measurements in active operation mode are: 
OSC1=external square wave, from rail to rail; all 1/0 pins tristated, pulled to Voo 
~ = 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-impedance state and tied to Voo and V ss· 

4: For RC osc configuration, current through Rext is not included. The current through the resistor can be estimated by the for
mula Ir= Voo/2Rext (mA) with Rext in kOhm. 

DS30390A-page 2-682 © 1995 Microchip Technology Inc. 



PIC16C7X 

19.2 DC CHARACTERISTICS: PIC16LC71-04 (Commercial, Industrial, Automotive) 

Standard Operating Conditions (unless otherwise stated) 
Operating temperature -4o·c :>TA::;+ 125°C for automotive, 

DC CHARACTERISTICS -40°C ::; TA::;+ 85°C for industrial and 
o·c ::; TA::; +70°C for commercial 

Operating voltage VDD = 3.0V to 6.0V 

Characteristic Sym Min Typt Max Units Conditions 

Supply Voltage VDD 3.0 - 6.0 v XT, RC, and LP osc configuration 

RAM Data Retention Voltage VDR - 1.5 - v Device in SLEEP mode 
(Note 1) 

VDD start voltage to guarantee VPOR - Vss - v See section on power-on reset for details 
Power-On Reset 

VDD rise rate to guarantee SVDD 0.05* - - Vims See section on power-on reset for details 
Power-On Reset 

Supply Current (Note 2) IDD - 1.4 2.5 mA Fosc = 4 MHz, VDD = 3.0V (Note 4) 

- 15 32 µA Fosc = 32 KHz, VDD = 3.0V, WOT disabled 

Power Down Current (Note 3) IPD - 5 20 µA VDD=3.0V, WOT enabled,-40°C to +85°C 
- 0.6 9 µA VDD=3.0V, WDT disabled,0°C to +70°C 
- 0.6 12 µA VDD=3.0V, WDT disabled,-40°C to +85°C 
- 0.6 16 µA VDD=3.0V, WOT disabled,-40°C to +125°C 

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. 
Note 1: This is the limit 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 con
sumption. 
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 
"KiiCCTI = 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-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 for
mula Ir= Voo/2Rext (mA) with Rext in kOhm. 
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19.3 DC CHARACTERISTICS: 

DC CHARACTERISTICS 

Characteristic Sym 

Input Low Voltage 
1/0 ports VIL 

with TTL buffer 
with Schmitt Trigger buffer 

MCLR, RA4/TOCKl,OSC1 (in RC 
mode) 
OSC1 (in XT, HS and LP) 
Input High Voltage 
1/0 ports (Note 5) VIH 

with TTL buffer 

with Schmitt Trigger buffer 
MCLR RA4/TOCKI 
OSC1 (XT, HS and LP) 
PortB weak pull-up current IPURB 
Input Leakage Current (Notes 2, 3) 
1/0 ports ill 

MCLR, RA4/TOCKI 
OSC1 

Output Low Voltage 
1/0 ports VOL 

OSC2/CLKOUT 
(RC osc configuration) 
Output High Voltage 
1/0 ports (Note 3) VOH 

OSC2/CLKOUT 
(RC osc configuration) 
Capacitive Loading Specs on Out 
put Pins 
OSC2pin Cosc2 

All 1/0 pins and OSC2 (in RC mode) C10 

PIC16C71-04 (Commercial, Industrial, Automotive) 
PIC16C71-20 (Commercial, Industrial, Automotive) 
PIC16LC71-04 (Commercial, Industrial, Automotive) 
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 range as described in DC spec Table 19-1 and 
Table 19-2 

Min Ty~ Max Units Conditions 

t 

Vss - O.BV v 
Vss - 0.2VDD v 
Vss - 0.2VDD v 

Vss - 0.3VDD v Note1 

-
0.36VDD - VDD v 4.5 $ Voo $5.5V 
0.45VDD - VDD Otherwise for entire Voo range 
0.85VDD - VDD For entire Voo range 
o.85 voq - VDD v 
0.7 VDD - VDD v Note1 

50 250 t400 µA VDD = 5V, VPIN = Vss 

- - ±1 µA Vss $ VPIN $ Voo, Pin at hi-impedance 
- - ±5 µA Vss $ VPIN $ Voo 

- - ±5 µA Vss $ VPIN $ VDD, XT, HS and LP osc con 
figuration 

- - 0.6 v loL = 8.5mA, Voo-4.5V, -40°C to +85°C 

- - 0.6 v IOL = 7.0mA, Voo-4.5V, -40°C to +125°C 
- - 0.6 v loL = 1.6mA, Voo-4.5V, -40°C to +85°C 

- - 0.6 v loL = 1.2mA, Voo-4.5V, -40°C to +125°C 

VDD-0.7 - - v loH = -3.0mA, VDD=4.5V, -40°C to +85°C 
VDD-0.7 - - v IOH = -2.5mA, VDD=4.5V, -40°C to +125°C 
VDD-0.7 - - v loH = -1.3mA, VDD=4.5V, -40°C to +85°C 
VDD-0.7 - - v IOH = -1.0mA, VDD=4.5V, -40°C to +125°C 

15 pF In XT, HS and LP modes when external 
clock is used to drive OSC1. 

50 pF 
t Data in "Typ" column 1s at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 

tested. 
Note 1: 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. 
2: The leakage current on the MCkR pin is strongly dependent on the applied voltage level. The specified levels represent nor-

mal 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. 
5: PIC16C71 Rev. A INT pin has a TTL input buffer. PIC16C71 Rev. B INT pin has a Schmitt trigger input buffer. 
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19.4 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) 

IT F Frequency I T Time 

Lowercase subscripts (pp) and their meanings: 

I ppcc 
CCP1 I DSC OSC1 

ck CLKOUT rd RD 

cs cs rw RD or WR 

di SDI SC SCK 

do SDO SS ss 
dt Data in to TOCK! 

io 1/0 port t1 T1CKI 

me MCLR wr WR 

Uppercase letters and their meanings: 

s 
F Fall p Period 

H High R Rise 

Invalid (Hi-impedance) v Valid 

L Low z Hi-impedance 

12C only 
AA output access High High 

BUF Bus free Low Low 

Tcc:sr (12C specifications only) 

cc 
HD Hold SU Setup 

ST 

DAT DATA input hold STO STOP condition 

STA START condition 
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19.5 Timing Diagrams and Specifications 

FIGURE 19-1: EXTERNAL CLOCKTIMING 

04 01 02 03 04 01 

OSC1 

·:------1--+: 
--------- 2 ----------~ 

CLKOUT 

TABLE 19-2: EXTERNAL CLOCK TIMING REQUIREMENTS 

Parameter Sym Characteristic Min Typt Max Units Conditions 
No. 

Fos External CLKIN Frequency DC - 4 MHz XT and RC osc mode 
(Note 1) DC - 4 MHz HS osc mode (PIC16C71-04, 

PIC16C71-04) 

DC - 20 MHz HS osc mode (PIC16C71-20) 

DC - 200 KHz LP osc mode 

Oscillator Frequency DC - 4 MHz RCosc mode 
(Note 1) 0.1 - 4 MHz XToscmode 

1 - 4 MHz HS osc mode (PIC16C71-04, 

PIC16C71-04) 

1 - 20 MHz HS osc mode (PIC16C71-20) 

1 Tosc External CLKIN Period 250 - - ns XT and RC osc mode 
(Note 1) 250 - - ns HS osc mode (PIC16C71-04, 

PIC16C71-04) 

50 - - ns HS osc mode (PIC16C71-20) 

50 - - µs LP osc mode 

Oscillator Period 250 - - ns RC oscmode 
(Note 1) 250 - 10,000 ns XTosc mode 

250 - 1,000 ns HS osc mode (PIC16C71-04, 

PIC16C71-04) 

50 - 1,000 ns HS osc mode (PIC16C71-20) 

5 - - µs LP osc mode 

2 TCY Instruction Cycle Time (Note 1) 1.0 4/Fosc DC µs 
3 TosL, Clock in (OSC1) High or Low Time 50 - - ns XT oscillator 

TosH 2.5 - - µs LP oscillator 

10 - - ns HS osci Ila tor 

4 TosR, Clock in (OSC1) Rise or Fall Time 25 - - ns XToscillator 
TosF 50 - - ns LP oscillator 

15 - - ns HS oscillator 

t Data 1n "Typ" column 1s at 5V, 25"C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 

Note 1: Instruction cycle period (Tcv) equals four times the input oscillator time base period. All specified values are based on char
acterization 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 con
sumption. 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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FIGURE 19-2: LOAD CONDITIONS 

Load condition 1 

Voo/2 

~~ 
Pin --, CL .. 

Vss 

RL = 4640 

CL = 50 pF for all pins except OSC2 
25 pF for OSC2 output 

PIC16C7X 

Load condition 2 

~ 
Pin --, CL .. 

Vss 
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FIGURE 19-3: CLKOUT AND VOTIMING 

OSC1 

CLKOUT 

l/OPin 
(input) 

Q4 01 

' :---; 10 

,_. :-- 13 
' . 

:-:14 

02 03 

'' 
'' 

' ' ' 

'' ' 
:19' :-.1s-! 
,__:.,,. I 

-. -12 

--:-16 
' ' ' 

1/0 Pin old value new value 
(output) 1---------~---' ~-------,,..-----------,-----------: 

-. :--20,21 

Note: Reier to Figure 19-2 for load conditions. 

TABLE 19-3: CLKOUT AND VO TIMING REQUIREMENTS 

Parameter Sym Characteristic Min Typt Max Units Conditions 
No. 
10 TosH2ckL OSCfi to CLKOUIT 15 30 ns Note 1 

11 TosH2ckH OSC11' to CLKOUT1' - 15 30 ns Note 1 

12 TckR CLKOUT rise time - 5 15 ns Note 1 

13 TckF CLKOUT fall time - 5 15 ns Note 1 

14 TckL2ioV CLKOUT J.. to Port out valid - - 0.5Tcv+20 ns Note 1 

15 TioV2ckH Port in valid before CLKOUT 1' 0.25Tcv+30 - - ns Note 1 

16 TckH2iol Port in hold after CLKOUT 1' 0 - - ns Note 1 

17 TosH2ioV OSC11' (01 cycle) to Port out valid - - 80-100 ns 

18 TosH21ol OSC11' (02 cycle) to Port input invalid TBD - - ns 
(1/0 in hold time) 

19 TloV2osH Port input valid to OSC11' (l/O in setup TBD - - ns 
time) 

20 TloR Port output rise time - 10 25 ns 

21 TloF Port output fall time - 10 25 ns 
22tt Tinp INT pin high or low time 20 - - ns 
23tt Trbp RB<7:4> change INT high or low time 20 - - 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. 
tt These parameters are asynchronous events not related to any Internal clock edges. 

Note 1: Measurements are taken in RC Mode where CLKOUT output is 4 x Tosc 
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FIGURE 19-4: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP 
TIMER TIMING 

Voo 

Internal 
POR 

PWRT 
Timeout 

:,..________ 30 .......... 

i.-33-1 
I i 32 I 

,____..r, ---------+--------___,,,,_ _________ _ 
osc 

Timeout 

Internal 
RESET ~~ 

Watchdog 
Timer 

RESET 
'~ 

--: 34 :--·---- 31 

-----------------~--~ 

l/OPin 

Note: Refer to Figure 19-2 for load conditions. 

TABLE 19-4: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP 
TIMER REQUIREMENTS 

Parameter Sym Characteristic Min Ty pt Max Units Conditions 
No. 

30 TmcL "fiil(;CTi Pulse Width (low) 200 - - ns Voo = sv, -4o·c to + 12s·c 

31 Twdt Watchdog Timer Timeout Period 7* 18 33• ms Voo = sv, -40"C to +125"C 

(No Prescaler) 

32 Tost Oscillation Start-up Timer Period 1024 Tosc ms Tosc = OSC1 period 

33 Tpwrt Power up Timer Period 28· 72 132· ms Voo = sv, -40"C to +125"C 

34 T1oz 110 High Impedance from Mcrn 100 ns 
Low 

These parameters are characterize_d 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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FIGURE 19·5: TIMERO CLOCK TIMINGS 

RA4/TOCKI /: '\ /: 
-----~· I :x. : 

I I: : I 

:.-- 40 ----..: "4-- 41 --+' : 

Note: Refer to Figure 19-2 for load conditions. 

I I I I 

I 
I 

42 --------< ... 

TABLE 19·5: TIMERO ANDTIMER1 CLOCK REQUIREMENTS 

Parameter Sym Characteristic Min Typt 
No. 

40 TtOH TOCKI High Pulse Width No Prescaler 0.5Tcv+20* -
Wrth Prescaler 10* -

41 TtOL TOCKI Low Pulse Width No Prescaler 0.5 Tcv+20* -
With Prescaler 10* -

42 TtOP TOCKI Period ~· -
N 

These parameters are characterized but not tested. 

Max Unlta Conditions 

- ns 

- ns 

- ns 

- ns 

- ns N = prescale value 
(2, 4, ..• , 256) 

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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TABLE 19-6: AID CONVERTER CHARACTERISTICS: 
PIC16C71·04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16C71·20 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 

Parameter Sym Characteristic Min Typt Max Units Conditions 
No. 

NR Resolution - - Bbits - VREF = VDD = 5.12V, Vss s AIN s VREF 

NINT Integral error - - less than - VREF = Voo = 5.12V, Vss s AIN s VREF 
±1 LSb 

NDIF DHferential error - - less than - VREF = VDD = 5.12V, Vss SAIN SVREF 
±1 LSb 

NFS Full scale error - - less than - VREF = VDD = 5.12V, Vss SAIN S VREF 
±1 LSb 

NoFF Offset error - - less than - VREF = VDD = 5.12V, Vss SAIN S VREF 
±1 LSb 

- Monotonicity - guaranteed - - Vss S AIN S VREF 

VREF Reference voltage 3.0V - Voo +0.3 v 
VAIN Analog input voltage Vss-0.3 - VREF v 
ZAIN Recommended - - 10.0 Kn 

impedance of analog 
voltage source 

IAD AID conversion cur- - 180 - µA Average current consumption when 
rent (Voo) AID is on. (Note 1) 

IREF VREF input current - - 1 mA During sampling 
(Note2) 40 µA All other times 

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. 
Note 1: 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. 
2: VREF current is from RA3 pin or Voo pin, whichever is selected as reference input. 

© 1995 Microchip Technology inc. DS30390A-page 2-691 



PIC16C7X 

TABLE 19-7: AID CONVERTER CHARACTERISTICS: 
PIC16LC71 ·04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 

Parameter Sym Characteristic Min Typt Max Units Conditions 
No. 

NR Resolution - - B bits - VREF = VDD = 3.0V (Note1) 

NINi' Integral error - - less than - VREF = VDD = 3.0V (Note1) 
±2 LSb 

NDIF Differential error - - less than - VREF = Voo = 3.0V (Note1) 
±2LSb 

NFS Full scale error - - less than - VREF = Voo = 3.0V (Note1) 
±2 LSb 

NOFF Offset error - - less than - VREF = Voo = 3.0V (Note1) 
±2 LSb 

- Monotonicity - guaranteed - - Vss S AIN S VREF 

VREF Reference voltage 3.0V - Voo+0.3 v 
VAIN Analog input voltage Vss-0.3 - VREF v 
ZAIN Recommended - - 10.0 Kn 

impedance of ana-
log voltage source 

IAD AID conversion cur- - 90 - µA Average current consumption when 
rent{Voo) AID is on. (Note2) 

IREF VREF Input current - - 1 mA During sampling 
(Note3) 10 µA All other times 

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. 
Note 1: These specifications apply H VREF = 3.0V and if Voo ~ 3.0V. Vin must be between Vss and VREF 

2: 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. 

3: VREF current Is from RA3 pin or Voo pin, whichever is selected as reference input. 
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FIGURE 19-6: AID CONVERSION TIMING 

BSF ADCONO, GO x 
-- (tosc/2) § 
----------~131 ------------

04 
--..: 130 :..--

NDCLK _134; 

ND DATA 

ADIF ---'-----'----------------------' 

GO 

SAMPLE ~---------S_A_M_P_Ll_NG_S_TO_P_P_E_D __________ .___r----

§: If the AID clock source is selected as RC, a time of TCY is added before the AID clock starts. 
This allows the sleep instruction to be executed. 

TABLE 19-8: AID CONVERSION REQUIREMENTS 

Parameter Sym Characteristic Min Ty pt Max Units Conditions 
No. 

130 TAD AID clock period 2.0 - µs 

130 TAO AID Internal RC ADCS 1,0 = 11 (RC oscillator 
Oscillator source source) 

3.0 6.0 9.0 µs PIC16LC71 

2.0 4.0 6.0 µs PIC16C71 

131 TCNV Conversion time - 10 TAD - -
(not including S/H 
time)(Note 1) 

132 TSMP Sampling time 5 - - µs The minimum time is the amplifier 
settling time. This may be used if 
the "new'' input voltage has not 
changed by more than 1 LSb (i.e. 
20mV@ 5.12V) from the last sam-
pied voltage (as stated on CHOLD). 

These parameters are characterized but not tested. 
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: ADRES register may be read on the following Tcy cycle. 
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NOTES: 
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20.0 DC AND AC 
CHARACTERISTICS GRAPHS 
AND TABLES FOR PIC16C71 
(ONLY) 

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 lime. 'Typical' represents the mean of the 
distribution while 'max' or 'min' represents (mean + 3s) 
and (mean - 3s) respectively where s is standard devi
ation. 

FIGURE 20-1: TYPICAL RC OSCILLATOR 
FREQUENCY vs 
TEMPERATURE 

Fosc 
~ FREQUENCY NORMALIZED TO +25'C 

1.05 ~~-~-~-~-~-~-~ 

Rext= 10K 
Cext= 100pF 

.875 1---t----1t----1,..-----t--+--+----i 

0.85 ~____. _ ____. _ _.. _ _... _ __._ _ ___._ _ ___, 

10 20 30 40 50 80 70 

TfC)-
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FIGURE 20-2: TYPICAL RC OSCILLATOR 
FREQUENCY vs Voo 
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FIGURE 2D-3: TYPICAL RC OSCILLATOR 
FREQUENCY vs VDD 
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FIGURE 2o-4: TYPICAL RC OSCILLATOR 
FREQUENCY vs Voo 
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FIGURE 20-5: TYPICAL IPD vs Voo 
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TABLE 20-1: RC OSCILLATOR. 
FREQUENCIES 

Cext Rext 
Average 

Fosc @ sv, 2s0c 
20pf 4.7K 4.52MHz ±17.35% 

10k 2.47 MHz ±10.10% 
100k 290.86KHz ±11.90% 

100pf 3.3k 1.92 MHz ±9.43% 
4.7k 1.48 MHz ±9.83% 
10k 788.77 KHz ±10.92% 
100k 88.11 KHz ±16.03% 

300pf 3.3k 726.89 KHz ±10.97% 
4.7k 573.95 KHz ±10.14% 
10k 307.31 KHz ±10.43% 
100k 33.82 KHz ±11.24% 

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 2()-6: TYPICAL IPD vs Voo 
WATCHDOG TIMER 
ENABLED 25°C 
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FIGURE 20-7: MAXIMUM IPD vs Voo 
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FIGURE 20-8: MAXIMUM IPD vs Voo 
WATCHDOG ENABLED* 
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]. 
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3D 3S 4.0 4.5 SD 5.5 6D 
vro (Volts) 

*lpd, with watchdog timer enabled, has two compo
nents: 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 20-9: VTH (INPUT THRESHOLD VOLTAGE) OF 1/0 PINS vs Voo 

VTH (Input threshold voltage) of 1/0 
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FIGURE 20-10: V1H, VIL OF MCLR, TOCKI AND OSC1 (IN RC MODE) vs Voo 
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Note: These input pins have Schmitt trigger input buffer. 

FIGURE 20-11: VTH (INPUT THRESHOLD VOLTAGE) OF OSC1 INPUT (IN XT, HS, AND LP MODES) 
vsvoo 
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FIGURE 20-12: TYPICAL loo vs FREQ (EXT CLOCK, 25°C) 
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FIGURE 20-13: MAXIMUM, loo vs FREQ (EXT CLOCK, -40° TO +85°C) 
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FIGURE 20-14: MAXIMUM loo vs FREQ WITH AID OFF (EXT CLOCK,-55° TO +125°C) 
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FIGURE 20-15: WDTTIMERTIME-OUT 
PERIOD vs Voo 
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FIGURE 20-16: TRANSCONDUCTANCE (GM) 
OF HS OSCILLATOR vsVoo 

0 ,__ _ ___,_ _ ___,_ __ ,___ _ _,_ _ ___, 

2 3 4 5 

VDD (Volts) 
6 7 

© 1995 Microchip Technology Inc. 



FIGURE 20-17: TRANSCONDUCTANCE (GM) 
OF LP OSCILLATOR vs Voo 
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FIGURE 20-18: TRANSCONDUCTANCE (GM) 
OF XT OSCILLATOR vs Voo 
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FIGURE 20-19: IOH vs VOH, Voo = 3V 
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FIGURE 20-20: IOH VS VOH, VDD = 5V 
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TABLE 20·2: INPUT CAPACITANCE* 

35 Pin Nam• Typical Capacitance (pF) 

18LPDIP 18LSOIC 

RA port 5.0 4.3 

RB port 5.0 4.3 

MCLR 17.0 17.0 

OSC1/CLKN 4.0 3.5 

OSC2/CLKOUT 4.3 3.5 

20 TMRO 3.2 2.8 

•All capacitance values are typical at 25°C. A part to 
part variation of ±25% (three standard deviations) 
should be taken into account. 

5 
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VOL (Volts) 

FIGURE 20-22: IOL vs VOL, Voo = sv 
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21.0 PACKAGING INFORMATION 

For Package Dimensions please refer to the Packaging Section of the Data Book. 
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21.1 Package Marking Information 

18-Lead PDIP 

MMMMMMMMMMMMM p 0 xxxxxxxxxxxxxxxx 
~ AABBCDE 

18-Lead SOIC 

MMMMMMMMMM 
xxxxxxxxxxxx 
xxxxxxxxxxxx 
o~AABBCDE 

18-Lead CERDIP Windowed 

MMMMMM 
xxxxxxxx 
AABBCDE 

28-Lead PDIP (Skinny DIP) 

MMMMMMMMMMMM 

Example 

PIC16C71-04/P 

PO -
~ 9452CBA 

Example 

PIC16C71 
-20/50 

o ~ 9447CBA 

Example 

Example 

PIC16C71 
/JW 
945/CBT 

PIC16C73-1 O/SP 
I"\ 0 xxxxxxxxxxxxxxx 0 
V AABBCDE AABBCDE 0 
0 ~ MICROCHIP 

Legend: MM ... M 
xx ... x 
AA 
BB 
c 

0 ~MICROCHIP 

Microchip part number information 
Customer specific information* 
Year code (last 2 digits of calender 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. 
S =Tempe, Arizona, U.S.A. 
Mask revision number for microcontroller 
Assembly code of the plant or country of origin in which 
part was assembled. 

Note: In the event the full Microchip part number cannot 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 included in OTP price. 
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Package Marking Information (Cont'd) 

28-Lead SOIC 

MMMMMMMMMMMMMMMM 
xxxxxxxxxxxxxxxxxxxx 
O~ AABBCDE 

28-Lead CERDIP Windowed 

PIC16C7X 

Example 

PIC16C73-1 O/SO 

O~ 945/CAA 

Example 

OMMMMMMMMM D ~ xxxxxxxxxxx 
Mlc:Aoc:HIP AABBCDE 

0 PIC16C73/SJ 

I'\ ~ 
~ MlcRac:HIP AABBCDE 

40-Lead PDIP Example 

MMMMMMMMMMMMMM PIC16C7 4-04/P 

D xxxxxxxxxxxxxxxxxx 
AABBCDE 

Q ~MICROCHIP 
0 D 9512CAA 

Q ~MICROCHIP 
0 

40-Lead CERDIP Windowed Example 

MMMMMMMMM PIC16C74/JW 

D ~ 0 xxxxxxxxxxx 
·~· xxxxxxxxxxx 

Mlc ........ p AABBCDE 
D~o 

MlcRac:HIP AABBCDE 

Legend: MM ... M 
xx ... x 
AA 
BB 
c 

Microchip part number information 
Customer specific information• 
Year code (last 2 digits of calender 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. 
S =Tempe, Arizona, U.S.A. 
Mask revision number for microcontroller 
Assembly code of the plant or country of origin in which 
part was assembled. 

Note: In the event the full Microchip part number cannot 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 QTP devices, any special marking adders are included in QTP price. 
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Package Marking Information (Cont'd) 

44-Lead PLCC Example 

~ 
MlcAocHIP 

MMMMMMMM 
0 xxxxxxxxxx 

xxxxxxxxxx 
AABBCDE 

~ 
Mlcl'IOCHIP 

PIC16C74 
0 -10/L 

AABBCDE. 

44-Lead MQFP Example 

0 

~ 
MMMMMMMM 
xxxxxxxxxx 
xxxxxxxxxx 

AABBCDE 

Legend: MM ... M 
xx ... x 
AA 
BB 
c 

0 

~ 
PIC16C74 
-10/PQ 

AABBCDE 

Microchip part number information 
Customer specific information* 
Year code (last 2 digits of calender 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. 
S =Tempe, Arizona, U.S.A. 
Mask revision number for microcontroller 
Assembly code of the plant or country of origin in which 
part was assembled. 

Note: In the event the full Microchip part number cannot 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 MicrC>chip Sales Office. 
For OTP devices, any special marking adders are included in OTP 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 (4K now as opposed to 512 before) and 
register file (192 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 compati
bility with PIC16C5x. 

5. OPTION and TRIS registers are made address
able. 

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. Reg
isters 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 selectively 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. 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, NPP, 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 pro
tected, while the remainder is unprotected. 

© 1995 Microchip Technology Inc. 
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APPENDIX B: COMPATIBILITY 

To convert code written for PIC16C5X to PIC16CXX, 
the user should take the following steps: 

1. Remove any program memory page select 
operations (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. 
Redefine data variables to reallocate them. 

4. Verily all writes to STATUS, OPTION, and FSR 
registers since these have changed. 

5. Change reset vector to OOOOh. 

DS30390A-page 2-707 



PIC16C7X 

APPENDIX C: WHAT'S NEW 

The format of this data sheet has been changed to be 
consistent with other product families. This ensures that 
important topics are covered across all PIC16/17 fami
lies. Here is an overview list of new features: 

• Data Sheet Structure I Outline 

• Section on Table Read and Table Writes 

APPENDIX D: WHAT'S CHANGED 

To make software more portable across the different 
PIC16/17 families, the name of several registers and 
control bits have been changed. This is so that control 
bits that do the same function, have the same name 
(regardless of processor family). Care must still be 
taken, since they may not be in the same special func
tion register. The following shows the register and bit 
names that have been changed: 

TABLE 21-1: REGISTER NAME 
CHANGESBIT NAME 
CHANGES 

OLD NAME NEW NAME 
RTE TOSE 

RTS roes 
T111i1S'Y'lilc ~ 
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PIC17C42 I 25 I 2K I 232 ITMRO,TMR1, 2 2 Yes Yes 11 33 4.5-5.5 55 40-pin DIP, 44-pin PLCC, 44-pin QFP 
TMR2,TMR3 

PIC17C43• l 25 l 4K l 454 TMRO,TMR1, 2 2 Yes Yes 11 33 2.5-6.0 58 40-pin DIP, 44-pin PLCC, 44-pin QFP 
TMR2,TMR3 

PIC17C44 I 25 I 8K I 454 TMRO,TMR1, 2 2 Yes Yes 11 33 2.5-6.0 58 40-pin DIP, 44-pin PLCC, 44-pin QFP 
TMR2,TMR3 

• Please contact your local sales office for availability of these devices. 
Note 1: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high 1/0 current capability. 

2: The PIC17C4X devices can also operate in microprocessor and external microcontroller mode. 
3: PORTS has software-configurable weak pull-ups. 
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I Peripherals I Features 

PIC16C61 20 I 1K I - I 36 .1 - ITMRO •- - • - • - • - • - • 3 I 13 I 3.0-6.0 I - 118-pin DIP, 18-pin SOIC 

PIC16C62* 20 2K 128 - •TMRO, I 2 I SPl/12C' -

PIC16C63* 20 4K 

PIC16C64 20 2K 

PIC16C65 20 4K 

192 

128 

192 

TMR1, TMR2 

- •TMRO, 
TMR1, TMR2 

-•TMRO, 
TMR1,TMR2 

-•TMRO, 
TMR1, TMR2 

PIC16C620"1 20 I 512 I - I 80 I - ITMRO 

PIC16C621"1 20 1K 80 - •TMRO 

PIC16C622 I 20 I 2K I - I 128 I - ITMRO 

PIC16C71 20 1K • -

PIC16C73 20 4K 

PIC16C74 20 4K 

PIC16C84 10 1K 

36 

192 

192 

36 

-•TMRO 

-•TMRO, 
TMR1, TMR2 

- •TMRO, 
TMR1, TMR2 

64 ITMRO 

2 ISPl/12C/' -
SCI 

1 I SPl/12C I Yes 

2 ISPl/12C/I Yes 
SCI 

- • 4ch 

2 ISPl/12C/• -
SCI 

Sch 

2ISPl/12C/I Yes I 8ch 
SCI 

• Please contact your local sales office for availability of these devices. 

10 22 2.5-6.0 - •28-pln SDIP, 28-pin SOIC 

10 22 3.0-6.0 - •28-pin SDIP, 28-pin SOIC 

8 33 3.0-6.0 - •40-pin DIP, 44-pin PLCC, 44-pin QFP 

11 33 3.0-6.0 - •40-pin DIP, 44-pin PLCC, 44-pin QFP 

2 I Yes I 4 I 13 I 3.0-6.0IYes118-pinDIP, 18-pinSOIC,20-pinSSOP 

2 Yes 4 13 I 3.0-6.0 I Yes 118-pin DIP, 18-pin SOIC, 20-pln SSOP 

2 I Yes I 4 I 13 I 3.0-6.0 I Yes 118-pin DIP, 18-pin SOIC, 20-pin SSOP 

4 13 I 3.0-6.0 - • 18-pin DIP, 18-pin SOIC 

11 22 3.0-6.0 - •28-pin SDIP, 28-pin SOIC 

12 33 3.0-6.0 - •40-pin DIP, 44-pin PLCC, 44-pin QFP 

4 13 I 2.0-6.0 - •18-pin DIP, 18-pin SOIC 

Note 1: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high 1/0 current capability. 
2: The PIC16CXX Timer1 has its own oscillator circuit and can operate asynchronously to the device. Timer1 can increment while the device is in SLEEP mode. This allows a Real Time 

Clock to be implemented. 
3: PORTS has software-configurable weak pull-ups. 

;;! 
t:D 
rm 

~ 
'U 
0 ... 
0) 

B 
~ s: 
~ 
0 
"Tl 
c 
~ 
0 m 

"' 

-a -0 
~ 

en 
0 .....__. 

>< 



@ 

<D 

~ 
;::: 
er 
g 
::T -o· 
~ 
::T 
::J 
Q. 

.g 
'< 

~ 

0 

~ 
0 

"' co 
0 

~ 
~ 
"' 
~ 

PIC16C54 20 512 - 25 TMRO 12 2.5-6.25 33 18-pin DIP, 18-pin SOIC, 20 pin SSOP 

PIC16C54A 20 512 - 25 TMRO 12 2.5-6.25 33 18-pin DIP, 18-pin SOIC, 20 pin SSOP 

PIC16CR54 20 - 512 25 TMRO 12 2.0-6.25 33 18-pin DIP, 18-pin SOIC, 20 pin SSOP 

PIC16C55 20 512 - 25 TMRO 20 2.5-6.25 33 28-pin DIP, 28-pin SOIC, 28 pin SSOP 

PIC16C56 20 1K - 25 TMRO 12 2.5-6.25 33 18-pin DIP, 18-pin SOIC, 20-pin SSOP 

PIC16C57 20 2K - 72 TMRO 20 2.5-6.25 33 28-pin DIP, 28-pin SOIC, 28 pin SSOP 

PIC16CR57A 20 - 2K 72 TMRO 20 2.0-6.25 33 28-pin DIP, 28-pin SOIC, 28 pin SSOP 

PIC16C58A 20 2K - 73 TMRO 12 2.5-6.25 33 18-pin DIP, 18-pin SOIC, 20 pin SSOP 

PIC16CR58A 20 - 2K 73 TMRO 12 2.0-6.25 33 18-pin DIP, 18-pin SOIC, 20 pin SSOP 

Note: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high 1/0 current 
capability. 
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PIC16C7X 

E.1 Pin Compatibility 

Devices that have the same package type and VOo, Vss and MCLR pin locations are said to be pin compatible. This 
allows these different devices to operate in the same socket. Compatible devices may only requires minor software mod
ification to allow proper operation in the application socket (ex., PIC16C56 and PIC16C61 devices). Not all devices in 
the same package size are pin compatible; for example, the PIC16C62 is compatible with the PIC16C63, but not the 
PIC16C55. 

Pin compatibility does not mean that the devices offer the same features. As an example, the PIC16C54 is pin compat
ible with the PIC16C71, but does not have an AID converter, weak pull-ups on PORTB, or interrupts. 

TABLE E-4: PIN COMPATIBILE DEVICES 

Pin Compatible Devices Package 

PIC16C61, 18 pin 
PIC16C620, PIC16C621, PIC16C622, (20 pin) 
PIC16C71, PIC16C84, 
PIC16C54, PIC16C54A, PIC16CR54, 
PIC16C56, PIC16C58A, PIC16CR58A 

PIC16C62, PIC16C63, PIC16C73 28pin 

PIC16C55, PIC16C57, PIC16CR57A 28 pin 

PIC17C42, PIC17C43, PIC17C44 40 pin 

PIC16C64, PIC16C65, PIC16C74 40pin 
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Block Diagram 

AID ....•.....•........•........................................•... 2-616 
Capture .......................................................... 2-578 
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On-chip Reset Circuit ....................................... 2-630 
PIC16C74 ....................................................... 2-526 
PORTC ........................................................... 2-555 
PORTO (In 1/0 Port Mode) ................................ 2-556 
PORTO and PORTE as a Parallel Slave Port ..•... 2-560 
PORTE (In 1/0 Port Mode) ................................ 2-557 
RA and RA Port Pins ........................................ 2-551 
RA4 PIN ......................................................... 2-551 
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Simplified PWM ............................................... 2-579 
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BRG ...................................................................... 2-601 
BRGH ......................................................... 2-600, 2-601 
Brown-out Protection Circuit ..................................... 2-635 
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CCPR2L .............................................. 2-537, 2-632 
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Digit Carry .............................................................. 2-525 
Dynamic Data Exchange (DDE) ................................ 2-655 
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G 
GIE ............................................................ 2-636, 2-641 
GIE bit ................................................................... 2-636 
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CONNECTING TO MICROCHIP BBS 

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 member
ship services, therefore you do not need CompuServe 
membership to join Microchip's BBS. 

There is no charge for connecting to the BBS, except 
for a toll charge to the CompuServe access number, 
where applicable. You do not need to be a Com
puServe member to take advantage of this connection 
(you never actually log in to CompuServe). 

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 
service allows multiple users at baud rates up to 14400 
bps. 

The following connect procedure applies in most loca
tions: 

1. Set your modem to 8 bit, No parity, and One stop 
(8Nl). This is not the normal CompuServe set
ting which is ?El. 

2. Dial your local CompuServe access number. 

3. Depress <ENTER.J> and a garbage string will 
appear because CompuServe is expecting a 
?El setting. 

4. Type+, depress <ENTER.J> and Host Name: 

will appear. 

5. Type MCHIPBBS, depress < ENTER.J > and 
you will be connected to the Microchip BBS. 

In the United States, to find CompuServe's phone num
ber closest to you, set your modem to ?El and dial 
(800) 848-4480 for 300-2400 baud or (800) 331-7166 
for 9600-14400 baud connection. After the system 
responds with Host Name:, type 

NETWORK, depress< ENTER.J > 
and follow CompuServe's directions. 

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

It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip prod
uct. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our documentation 
can better serve you, please FAX your comments to the Technical Publications Manager at (602) 786-7578. 

Please list the following information, and use this outline to provide us with your comments about this Data Sheet. 

To: Technical Publications Manager Total Pages Sent 

RE: Reader Response 

Company ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Address 

City I State I ZIP I Country------------------------

Telephone: ( ___ } ___ _ FAX: ( __ ) __ _ 

Application (optional): 

Would you like a reply? __ Y __ N 

Device: PIC16C7X Literature Number: DS30390A 

Questions: 

1. What are the best features of this document? 

2. How does this document meet your hardware and software development needs? 

3. Do you find the organization of this data sheet easy to follow? If not, why? 

4. What additions to the data sheet do you think would enhance the structure and subject? 

5. What deletions from the data sheet could be made without affecting the overall usefullness? 

6. Is there any incorrect or misleading information (what and where)? 

7. How would you improve this document? 

8. How would you improve our software, systems, and silicon products? 
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PIC16C7X 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. ~ _! ~ Pattern: 

I Package: 

J Temperature 
~-----1 I Range: 

J Frequency 
~--------! I Range: 

t"" 
Examples: 

3-Digit Pattern Code for OTP (blank otherwise) 

L = PLCC 
p = PDIP 
so = SOIC (Gull Wing, 300 mil body) 

PO = MQFP (Metric PQFP) 

JW = Windowed CERDIP 

= o·c to +70"C (T for tape/reel) 
I = -40"C to +85"C (S for tape/reel) 
E = -40"C to +125"C 

04 = 200 KHz (PIC16C6X-04) 
04 = 4 MHz 
20 = 20 MHz 
PIC16C7X :Voo range 4.0V to 6.0V 
PIC16C7XT:Voo range 4.0V to 6.0V (Tape and Reel) 

PIC16LC7X :Voo range 3.0V to 6.0V 

PIC16LC7XT:Voo range 3.0V to 6.0V(Tape and Reel) 

a) PIC16C71 - 04/P 301 = Commercial temp., PDIP package, 4 MHz, normal Vbo limits, QTP pattern #301 
b) PIC16LC73 - 041/SO = Industrial temp., SOIC package, 4MHz, extended \loo limits 
c) PIC16C74 -10E/P = Automotive temp., PDIP package, 10 MHz, normal Vbo 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. 

2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 

3. The Microchip's Bulletin Board, via your local CompuServe number (CompuServe membership NOT required). 

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

For latest version information and upgrade kits for Microchip DevelopmentTools, please call 1-800-755-2345 or 1-602-786-7302. 
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MICROCHIP PIC16C84 
8-Bit CMOS EEPROM Microcontroller 

High Performance RISC-like CPU Features 

• Only 35 single word instructions to learn 

• All instructions single cycle (400 ns) except for 
program branches which are two-cycle 

• Operating speed: DC - 10 MHz clock input 
DC - 400 ns instruction cycle 

• 14-bit wide instructions 

• 8-bit wide data path 

• 1K 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 RBO/INT pin 

- TMRO timer overflow 

- PORTB<7:4> interrupt on change 
- Data EEPROM write complete 

• 1,000,000 ERASE/WRITE cycles - Typical 
(Data Memory) 

• Data Retention >40 years 

Peripheral Features 

• 13 1/0 pins with individual direction control 

• High current sink/source for direct LED drive 

- 25 mA sink max. per pin 

- 20 mA source max. per pin 

• TMRO: 8-bit timer/counter with 8-bit programma
ble prescaler 

© 1995 Microchip Technology Inc. 

Pin Configuration 

PDIP,SOIC 

RA2 .,__.. •1 
RA3__. 2 

RA4/TOCKI -..... 3 
i;,mrn- 4 

Vss-. 5 

"'tJ 
0 .... 

.......,.RA1 

..--RAO 
-osc1/CLKIN 
__.. OSC2/CLKOUT 
----voo 
..--RB7 
..--RB6 

RBO/INT- 6 
RB1- 7 
RB2...- 8 
R83..-. 9 

en 
0 
00 
~ 11 --.RBS 

..--R84 

Special Microcontroller Features 

• Power-On Reset (POR) 

• Power-Up Timer (PWRT) 

Oscillator Start-Up Timer (OST) 

Watchdog Timer (WOT) with its own on chip m; 
oscillator for reliable operation 

• Code-protection 

• Power saving SLEEP mode 

• Selectable oscillator options: 

- RC: Low-cost RC oscillator 

- XT: Standard crystal/resonator 
HS: High-speed crystal/resonator 

- LP: Power saving, low frequency crystal 

• Serial In-System Programming (via two pins) 

CMOS Technology 

• Low-power, high-speed CMOS EEPROM technol
ogy 

• Fully static design 

• Wide operating voltage range: 

- Commercial: 2.0V to 6.0V 

- Industrial: 2.0V to 6.0V 

• Low power consumption: 

< 2 mA @ 5V, 4 MHz 

60 µA typical @ 2V, 32 kHz 

26 µA typical standby current @ 2V 
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1.0 GENERAL DESCRIPTION 
The PIC16C84 is a low-cost, high-performance, 
CMOS, fully-static, 8-bit microcontroller. All PIC16/17 
microcontrollers employ an advanced RISC-like 
architecture. PIC16C84 devices have enhanced core 
features, eight-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 a separate 8-
bit wide data bus. 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. 

PIC16C84 microcontrollers typically achieve a 2:1 code 
compression and a 2:1 speed improvement over other 
8-bit microcontrollers in its class. 

The PIC16C84 has 36 bY1es of RAM, 64 bY1es of Data 
EEPROM memory, and 13 1/0 pins. A timer/counter is 
also available. 

The PIC16CXX family has special features to reduce 
external 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 oscil
lator 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 the chip from SLEEP through several 
external and internal interrupts and resets. 

A highly reliable Watchdog Timer with its own on-chip 
RC oscillator provides protection against software lock
up. 

© 1995 Microchip Technology Inc. 
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The EEPROM program memory allows the same 
device package to be used for prototyping and produc
tion. In-circuit reprogrammability allows the code to be 
updated without the device being removed from the 
end application. This is useful in the development of 
many applications where the device may not be easily 
accessible, but the prototypes may require code 
updates. This is also useful for remote applications, 
where the code may need to be updated (such as rate 
information). 

Table 1-1 lists the features of the PIC16C84. 

Figure 3-1 is a simplified block diagram of the 
PIC16C84. 

The PIC16C84 fits perfectly in applications ranging 
from high speed automotive and appliance motor 
control to low-power remote sensors, electronic locks, 
security devices, and smart cards. The EEPROM 
technology makes customization 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 performance, ease of use 
and 1/0 flexibility make the PIC16C84 very versatile 
even in areas where no microcontroller use has been 
considered before (e.g. timer functions, serial 
communication, capture and compare, PWM functions 
and co-processor applications). 

The in-system programming feature (via two pins) 
offers flexibility of customizing the product after com
plete assemble and test. This feature can be used to 
serialize a product, store calibration data, or program 
the device with the current firmware before shipping. 

1.1 Family and Upward Compatibility 

Those users familiar with the PIC16C5X family of 
microcontrollers will realize that this is an enhanced 
version of the PIC16C5X architecture. Please refer to 
Appendix A for a detailed list of enhancements. Code 
written for PIC16C5X can be easily ported to the 
PIC16C84 (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 
full-featured programmer. A "C" compiler and fuzzy 
logic support tools are also available. 
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2.0 PIC16C84 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 in this section. When placing 
orders, please use the "PIC16C84 Product Identifica
tion System" on the back page of this data sheet to 
specify the correct part number. 

2.1 Electrically Erasable Devices 

All PIC16C84 versions are electrically erasable. These 
devices are offered in the lower cost plastic package, 
even though the device can be erased and repro
grammed. This allows the same device to be used for 
prototype development and pilot programs as well as 
production. 

A further advantage of the electrically erasable version 
can be erased and reprogrammed in-circuit, or by 
Microchip's PICSTART'M or PRO MATETM program
mers. 

© 1995 Microchip Technology Inc. 
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2.2 Quick-Turnaround-Production (QTP) 
Devices 

Microchip offers a OTP Programming Service for fac
tory production orders. This service is made available 
for users who choose not to program a medium to high 
quantity of units and whose code patterns have stabi
lized. The devices have all EEPROM locations and 
configuration options already programmed by the fac
tory. Certain code and prototype verification proce
dures do apply before production shipments are 
available. Please contact your Microchip's Technology 
sales office for more details. 

2.3 Serialized Quick-Turnaround
Production (SQTP™) Devices 

Microchip offers the unique programming service 
where a few user-defined locations in each device are 
programmed 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. 
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NOTES: 

DS30081 E-page 2-728 © 1995 Microchip Technology Inc. 



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 Neumann 
architecture where program and data are fetched from 
the same memory. Separating program and data mem
ory further allows instructions to be sized differently 
than the 8-bit wide data word. Instruction opcodes are 
14-bits 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 instruc
tions (see Example 3-1). Consequently, all instructions 
execute in a single cycle (400 ns @ 10 MHz) except for 
program branches. 

The PIC16C84 addresses 1K x 14 program memory. 
All program memory is internal. 

The PIC16C84 can directly or indirectly address its reg
ister files or data memory. All special function registers 
including the program counter are mapped in the data 
memory. An orthogonal (symmetrical) instruction set 
that 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 pro
gramming with the PIC16C84 simple yet efficient. In 
addition, the learning curve is reduced significantly. 

© 1995 Microchip Technology Inc. 
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PIC16C84 devices contain an 8-bit ALU and working 
register. The ALU is a general purpose arithmetic unit. 
It performs arithmetic and Boolean functions between 
data in the working register and any register file. 

The ALU is 8-bits wide and capable of addition, sub
traction, shift and logical operations. Unless otherwise 
mentioned, arithmetic operations are two's comple
ment in nature. In two-operand instructions, typically 
one operand is the working register (W register), and 
the other operand is a file register or an immediate con
stant. In single operand instructions, the operand is 
either the W register or a tiie 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 and digit borrow out bit, respec
tively, in subtraction. See the SUBLW and SUBWF 

instructions for examples. 

A simplified block diagram for the PIC16C84 is shown 
in Figure 3-1, its corresponding pin description is 
shown in Table 3-1. 
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FIGURE 3-1: · PIC16C84 BLOCK DIAGRAM 
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TABLE 3-1: PIC16C84 PIN OUT DESCRIPTION 

Pin Name 
DIP SOIC 1/0/P Buffer 

Description 
No. No. Type Type 

OSC1/CLKIN 16 16 I ST/CMOS3 Oscillator crystal input/ex1emal clock source input. 

OSC2/CLKOUT 15 15 0 - Oscillator crystal output. Connects to crystal or resonator in crystal 
oscillator mode. In RC mode, OSC2 pin outputs CLKOUT which 
has 1/4 the frequency of OSC1, and denotes the instruction cycle 
rate. 

~ 4 4 l/P ST Master clear (reset) input/programming voltage input. This pin is an 
active low reset to the device. 

PORTA is a bi-directional l/O port. 
RAO 17 17 1/0 TTL 

RA1 18 18 1/0 TTL 

RA2 1 1 1/0 TTL 

RA3 2 2 1/0 TTL 

RA4/TOCKI 3 3 1/0 ST Can also be selected to be the clock input to the TMRO 
timer/counter. Output is open collector type. 

PORTB is a bi-directional 1/0 port. PORTB can be software pro-
grammed for internal weak pull-up on all inputs. 

RBO/INT 6 6 1/0 TTL RBO/INT can also be selected as an ex1ernal interrupt pin. 

RB1 7 7 1/0 TTL 

RB2 8 8 1/0 TTL 

RB3 9 9 1/0 TTL 

RB4 10 10 1/0 TTL Interrupt on change pin. 

RB5 11 11 1/0 TTL Interrupt on change pin. 

RB6 12 12 1/0 TTUST2 Interrupt on change pin. Serial programming clock. 

RB7 13 13 1/0 TTUST2 Interrupt on change pin. Serial programming data. 

Vss 5 5 p - Ground reference for logic and 1/0 pins. ·---! 

Voo 14 14 p - Positive supply for logic and 1/0 pins. 

Legend: I= input 0 = output 1/0 = Input/Output P = power 
- = Not used TTL = TTL input ST = Schmitt Trigger input 

Note 1: 
2: 

This butler is a Schmitt Trigger input when configured as the ex1ernal interrupt. 
This buffer is a Schmitt Trigger input when used in serial programming mode. 

3: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise. 
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3.1 Clocking Scheme/Instruction Cycle 

The clock input (from OSC1) is internally divided by 
four to generate four non-overlapping quadrature 
clocks namely Q1, Q2, Q3 and 04. Internally, the pro
gram counter (PC) is incremented every Q1, the 
instruction is fetched from the program memory and 
latched into the instruction register in Q4. The instruc
tion 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 

Execute INST PC-1) 

3.2 Instruction Flow/Pipelining 

An "Instruction Cycle" consists of four Q 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" in cycle Q1. This instruc
tion is then decoded and executed during the 02, Q3, 
and Q4 cycles. Data memory is read during Q2 (oper
and read) and written during Q4 (destination write). 

Fetch INS PC+ 1 
Execute INST PC 

EXAMPLE 3-1: INSTRUCTION PIPELINE FLOW 

1. MOVLW 
2. MOVWF 
3. CALL 
4. BSF 

ssh L~ ___ ...,..J1_Ex_ec_u_te_1--+lI---~ PORTE Fetch 2 Execute 2 l 
SUB_l L Fetch 3 11 PORTA, BIT3 

Execute 3 l 
Fetch 4 ] Frush ] 

L Fetch SUB 1 J 

All instructions are single cycle, except for any program branches. These take two cycles since the fetch 
instruction is "flushed" from the pipeline while the new instruction is being fetched and then executed. 
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4.0 MEMORY ORGANIZATION 
There are two memory blocks in the PIC16C84. These 
are the program memory and the data memory. Each 
block has its own bus, so that access to each block can 
occur during the same oscillator cycle. 

The data memory can further be broken down into the 
general purpose RAM and the Special Function Regis
ters (SFRs). The operation of the SFRs that control the 
"core" are described here. The SFRs used to control 
the peripheral modules are described in the section dis
cussing each individual peripheral module. 

The data memory area also contains the data 
EEPROM memory. This memory is not directly mapped 
into the data memory, but is indirectly mapped. That is 
an indirect address pointer specifies the address of the 
data EEPROM memory to read/write. The 64 bytes of 
data EEPROM memory have the address range O -
3Fh. More details on the EEPROM memory can be 
found in Section 7.0. 

4.1 Program Memorv Organization 

The PIC16C84 has a 13-bit program counter capable of 
addressing an SK x 14 program memory space. For the 
PIC16C84 only the first 1K x 14 (0000-03FFh) are 
physically implemented. Accessing a location above 
the physically implemented address will cause a wrap
around. For example, locations 20h, 420h, 820h, C20h, 
1020h, 1420h, 1820h, and 1C20h will be the same 
instruction. 

The reset vector is at OOOOh and the interrupt vector is 
at 0004h (Figure 4-1). 

© 1995 Microchip Technology Inc. 
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FIGURE 4-1: PROGRAM MEMORY MAP 
AND STACK 

PC<12:0> 
CALL, RETURN 13 
RETFIE, RETLW ~==+'=====i 

Stack Level 1 

Stack Level B 

T Reset Vector ooOOh 
>--~~~~~~~--< 

Peri heral lnterru I Vector 0004h 

3FFh 

1FFFh 
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4.2 Data Memory Organization 

The data memory is partitioned into two areas. The first 
is the Special Function Registers (SFR) area, while the 
second is the General Purpose Registers (GPR) area. 
The SFRs control the operation of the device. 

Portions of data memory are banked. This is for both 
the SFR area and the GPR area. The GPR area is 
banked to allow greater than 96 bytes of general pur
pose RAM. The banked areas of the SFR are for the 
registers that control the peripheral functions. Banking 
requires the use of control bits for bank selection. 
These control bits are located in the STATUS Register. 
Figure 4-2 shows the data memory map organization. 

Instructions MOVWF and MOVF can move values from 
the W register to any location in the register file ("P'), 
and vice-versa. 

The entire data memory can be accessed either directly 
or indirectly through the File Select Register (FSR) 
(Section 4.4). Indirect addressing uses the present 
value of the RP 1: RPO bits for access into the banked 
areas of data memory. 

Data memory is partitioned into two banks which con
tain the general purpose registers and the special func
tion registers. Bank 0 is selected by clearing the RPO 
bit (STATUS<5>). Setting the RPO bit selects Bank 1. 
Each Bank extends up to 7Fh (128 bytes). The lower 
locations of each Bank are reserved for the Special 
Function Registers. Above the Special Function Regis
ters are General Purpose Registers implemented as 
static RAM. (Figure 4-2) 

4.2.1 GENERAL PURPOSE REGISTER FILE 

The register file is accessed either directly, or indirectly 
through the FSR (Section 4.4). 

All devices have some amount of GPR area. The GPR 
is 8-bits wide. When the GPR area is greater then 96, 
banking must be performed to access the additional 
memory space. 

PIC16C84 devices do not have banked memory in the 
GPR area. Any access to Bank 1 will cause the access 
to occur in Bank 0. That is, the MSb of the direct 
address will be ignored. 

4.2.2 SPECIAL FUNCTION REGISTERS 

The Special Function Registers are used by the CPU 
and Peripheral functions to control the device opera
tion. (Figure 4-2 and Table 4-1). These registers are 
static RAM. 

The special registers can be classified into two sets. 
Those associated with the "core" functions are 
described in this section. Those related to the opera
tion of the peripheral features are described in the sec
tion for that specific feature. 
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FIGURE 4-2:. PIC16C84 REGISTER FILE 
MAP 

File Address 

00 Indirect addr.(') Indirect addr.(*) 80 

01 TMRO OPTION S1 

02 PCL PCL S2 

03 STATUS STATUS S3 

04 FSR FSR 84 

05 PORTA TRISA S5 

06 PORTB TRISB 86 

07 87 

08 EEDATA EECON1 SS 

09 
EEADR EECON2(*) S9 

OA 
PC LATH PC LATH BA 

OB INTCON INTCON SB 

oc SC 

36 Mapped 
General in Banko 
Purpose 
re~sters 

2F 
(SAM) 

AF 

30 BO 

7F FF 

Banko Bank 1 

• Not a physical register 
~ Unimplemented data memory location; read as 'O'. 
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TABLE 4-1: 

Address Name 

Banko 

OOh INDF 

01h TMRO 

02h PCL 

03h STATUS 2 

04h FSA 

05h PORTA 

oeh PORTB 

REGISTER FILE SUMMARY 

Bit7 Bit& I Bits I Bit4 I Bit3 I Bit2 I Bit1 I BitO 

Uses contents of FSA to address data memory (not a physical register) 

a-bit real-time clock/counter 

Low order a bits of PC 

IRP RP1 l RPO l 
Indirect data memory address pointer O 

- l - l RA4/TOCKI l 
RB6 I RBs_ 1 RB4 I RB7 

RA3 J 
RB3 l 

RA2 

RB2 
l RA1 l RAO 

l RB1 l R~INT 
~. filit1¥ft~Iililitfil1 ; 

08h EEDATA EEPROM data register 

09h EEADR EEPROM address register 

OAh PCLATH - l l Write buffer for upper 5 bits of the PC 1 

OBh INTCON GIE EEIE l TOIE l INTE l ABIE l TOIF j INTF j RBIF 

Bank 1 

80h INDF Uses contents of FSA to address data memory (not a physical register) 

81h OPTION RB1'U INTEDGI TOCS I TOSE I PSA I PS2 I PS1 I PSO 

82h PCL Low order 8 bits of PC 

83h STATUS 2 IRP RP1 I RPO l TO 1 J50 l z 1 DC l c 

Value on 
Power-On 

Reset 

Value on all 
other resets 

(Note3) 

xxxx xxxx uuuu uuuu 

0000 0000 0000 0000 

0001 lxxx 000? ?uuu 

xxxx xxxx uuuu uuuu 

---x xxxx ---u uuuu 

xxxx xxxx uuuu uuuu 

xxxx xxxx uuuu uuuu 

uuuu uuuu 

---0 0000 ---o 0000 

0000 OOOx 0000 0000 

1111 1111 1111 1111 

0000 0000 0000 0000 

0001 lxxx 000? ?uuu 

84h FSR Indirect data memory address pointer 0 xxxx xxxx uuuu uuu~~ 

85h TRISA - j - jPORTAdatadirection register ---1 1111 · l 1111 

86h TRISB PORTB data direction register 1111 1111 1111 1111 

-iimddmntlt~l~I'' tl""•~I ···~-
~ l WRERRJ WREN WR RD ---0 xooo ---o ?000 

89h EECON2 EE PROM control register 2 (not a physical register) 

OAh PCLATH - J - J Write buffer for uppers bits of the PC 1 ---o 0000 ---o 0000 

OBh INTCON GIE EEIE I TOIE } INTE J ABIE } TOIF J INTF } RBIF 0000 OOOx 0000 0000 

Legend: x =unknown, u =unchanged. - =unimplemented, read as 'O',? =Value depends on condttion. 
Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a slave register for PC<12:8>. The contents 

of PCLATH can be transferred to the upper byte of the program counter, but the contents of PC<12:8> is never trans
ferred to PCLATH. 

2: Tue m and l'l5 status btts in STATUS are not affected by a~ reset. 
3: Other (non power-up) resets include: external reset through~ and the Watchdog Timer time-out reset. 

© 1995 Microchip Technology Inc. DS30081E-page2-735 

• 



PIC16C84 

4.2.2.1 STATUS REGISTER 

The STATUS register contains the arithmetic status of 
the ALU, the RESET status and the bank select bit for 
data memory. 

As with any register, the STATUS register can be the 
destination for any instruction. If the STATUS register is 
the destination for an instruction that affects the Z, DC 
or C bits, then the write to these three bits is disabled. 
These bits are set or cleared according to device logic. 
Furthermore, the TO and PD bits are not writable. 
Therefore, the result of an instruction with the 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 ooou uluu (where u =unchanged). 

FIGURE 4·3: STATUS REGISTER 

R/W R/W R/W R R R/W R/W R/W 

LiRPJ RPI RPoj mJmJ zjocj cJ 

Only the BCF. BSF. SWAPF and MOVWF instructions 
should be used to alter the STATUS register because 
these Instructions do not affect any status bit. 
{Table 9-2 Instruction Set Summary) 

Register. STATUS W: 
Address: 03h or 83h R: 
POR value: 0001 1.xxx. U: 

bi 
17 ~ T bltO TO, J5D" are uniquely sat ex cleared 

Writable 
Readable 
Unlmplemontad, 
read as 'O' 

--
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C: canylBorrow bit 
For ADDWF and ADDLW instructions. 
1 = A carry-out from the most significant bit of the result occurred 
Note: a subtraction is axaculad by adding Iha two's 
oomplamant of the seoond operand. For rotala (RRF. RLF) 
Instructions. this btt Is loaded with either the high or low order bit 
of the source register. 
o = No cany--out tom the most significant bit of the result 
Nots: For borrow Iha polarity is rlMlrsed. 

DC: Digit Gany/lliijifE!Oriii bit 
For ADDWF and ADDLW instructions. 
I = A carry-out lrOm Iha 4th low or<lar bit of Iha result occurred 
o = No carry-out lrOm Iha 4th low order bH of Iha result 
Nots: For Borrow Iha polarity is reversed. 

Z: Zaro bit. 
1 = The result of an arithmetic or logic operation is zero 
o = The result of an arithmetic or logic operation is not zero 

Pl!: Power Oown bit 
1 = After power-up or by a CLRWDT instruction 
o = By execution of the SLEEP instruction 

TO: Timg.out bit 
I = Attar power-up and by the CLRWOO' and SLEEP instruction 
o = A watchdog timer time-out has occurred 

RP1 :RPO: Register bank select bits (for direct addrassing) 

00 =Bank 0 (OOh • 7Fh) 
01 =Bank I (BOh • FFh) 
10 =Bank 2 (IOOh • t7Fh) 
It =Bank 3 (IBOh • 1 FFh) 

Each bank is t28 bytss. 
Only Iha RPO bit is used by the PIC16C84. RPI 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 bank select bit (for indirect addressing) 
0 = Bank 0, I (OOh • FFh) 
I =Bank 2,3 (IOOh • 1 FFh) 

The IRP bit is not used by the PICI 6C84. 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 oompatibility with future products. 
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4.2.2.2 OPTION REGISTER 

The OPTION register is a readable and writable regis
ter which contains various control bits to configure the 
TMRO/WDT prescaler, the external INT interrupt, 
TMRO, and the weak pull-ups on PORTS. 

FIGURE 4-4: OPTION REGISTER 

RNV RN'/ RNV RNV RNV RNV RNV RNV 
Register: 
Address: 

OPTION W: Writable 
81h R: Readable [ mwuI INTEDCJTocsI Tosq PSAI PS~ Ps1 Pso] 

bit7 bi to 
POR value: FFh U: Unimplemented 

© 1995 Microchip Technology Inc. 

read as 'O' 

L::PSO PRESCALER VALUE TMRORATE WOT RATE 
PS2 PS1 PSO 

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

1 0 

PSA: Prescaler Assignment bit 
1 = Prescaler assigned to the WOT 
O = Prescaler assigned to TMRO 

TOSE: TMRO Source Edge select bit 

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

1 =Increment on high-to-low transition on RA41TOCKI pin 
O = Increment on low-to-high transition on RA41TOCKI pin 

TOCS: TMRO Clock Source select bit 
1 = Transition on RA41TOCKI pin 
O = Internal instruction cycle clock (CLKOUT) 

INTEDG: Interrupt Edge Select bit 

1 = Interrupt on rising edge of RBOnNT pin 
O = Interrupt on falling edge of RBO/INT pin 

'fiBPU: PORTB Pull-up Enable bit 

1 
2 
4 
8 
16 
32 
64 
128 

1 = PORTB pull-ups are disabled (overriding any port latch value) 
O = PORTB pull-ups are enabled (by Individual port-latch values) 
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4.2.2.3 INTCON REGISTER 

The INTCON Register is a readable ahd writable regis
ter which contains the various enable bits for all inter
rupt sources. 

FIGURE 4-5: INTCON REGISTER 

RN/ RN/ RN/ RN/ RN/ RN/ RN/ RN/ 

[ GIE I EEIE I TOIE l INTE l ABIE I TOIF }NTF I RBIF J 
bit7 . r·w 

0530081 E·page 2-738 

Register: INTCON W: Writable 
Address: OBh or 8Bh R: Readable 
POR value:oooo ooox U: Unimplemented 

read as ·o· 

RBIF: RB Port Change Interrupt Flag bit 
1 = When at least one of the RB<7:4> Inputs change 

(must be cleared by soflware) 
O = None of the RB<7:4> Inputs have changed 
INTF: External Interrupt Flag bit 
1 = The external INT interrupt occurred 

(must be cleared by soflware) 
O =The INT Interrupt did not occur 
TOIF: TMRO OVerflow Interrupt Flag bit 
1 = TMRO overflowed 

(must be cleared by soflware) 
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 
o = Disables INTF interrupt 
TOIE: TOIF Interrupt Enable bit 
1 =Enables TOIF interrupt 
O = Disables TOIF interrupt 

EEIE: EE Write Complete Interrupt Enable bit 
1 = Enable EE write complete interrupt 
O = Disable EE write complete interrupt 
GIE: Global Interrupt Enable bit 
1 = Enables all un-masked interrupts 
O = Disables all interrupts 
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4.3 PCL and PCLATH 

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 nor writ
able. PCLATH (PC latch high) is a holding register for 
PC<12:8> where contents are transferred to the upper 
byte of the program counter. 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 4-6. 

FIGURE 4-6: LOADING OF PC IN 
DIFFERENT SITUATIONS 

PCH PCL 

12 8 7 
PC 

5 !=?TH<4:0> 

I I I 
PC LATH 

PCH PCL 

4.3.1 COMPUTED GOTO 

0 

0 

INST wj!h PCL 
..ll§..dal 

ALU result 

GOTO CALL 

Opcode <1 O:O> 

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 PIC16C84 has an 8 deep x 13-bit wide hardware 
stack (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 entire 13-bit PC is PUSH'ed 
onto the stack when a CALL instruction is executed or 
an interrupt is acknowledged. The stack is POP'ed in 

. the event of a RETURN' RETLW or a RETFIE instruc
tion execution. PCLATH is not affected by a PUSH or 
a POP operation. 

The stack operates as a circular buffer. That is, after 
the stack has been PUSH'ed 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). 

If the stack is effectively POP'ed nine times, the PC 
value is the same as the value from the first POP. 

© 1995 Microchip Technology Inc. 
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4.3.3 PROGRAM MEMORY PAGING 

The PIC16C84 has 1 K of program memory. The CALL 
and GOTO instructions have an 11-bit address range. 
This 11-bit address range allows a branch within a 2K 
program memory page size. 
For future PIC16CBX program memory expansion, 
there must be another two bits to specify the program 
memory page. These paging bits come from the 
PCLATH<4:3> bits (Figure 4-6). When doing a CALL or 
a GOTO instruction, the user must ensure that these 
page bits (PCLATH<4:3>) are 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 
PCLATH<4:3> is not required for the return instructions 
(which POPs the PC from the stack). 
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4.4 Indirect Addressing. INDF and FSR 
Registers 

The INDF register is not a physical register and is used 
in conjunction with the FSR register to perform indirect 
addressing. 

Indirect addressing is possible by using the INDF regis
ter. Any instruction using the INDF register actually 
accesses data pointed to by the file select register 
(FSR). Reading INDF itself indirectly (FSR = 0) will pro
duce 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 con
catenating the 8-bit FSR register and the IRP bit (STA
TUS<?>), as shown in Figure 4-7. However, IRP is not 
used in the PIC16C84. 

A simple program to clear RAM location 20h-2Fh using 
indirect addressing is shown in Example 4-1. 

FIGURE 4-7: DIRECT/INDIRECT ADDRESSING 

RP1 RPO 

ITJ 
'---y---' 

bank select 

6 

Direct Addressing 

from opcode 

I I I 
location select 

OB 
oc 

2F 
30 

7F 

0 

.. 00 

Banko 

01 

Bank 1 

Note: For memory map detail, see Figure 4-2. 
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EXAMPLE 4-1: INDIRECT ADDRESSING 

movlw Ox20 ; initialize pointer 
movf FSR to RAM 

NEXT clrf INDF ; clear INDF register 

incf FSR inc pointer 
btf ss FSR,4 all done? 

goto NEXT NO, clear next 

CONTINUE : YES, continue 

Indirect Addressing 

IRP 7 (FSR) 0 

D I I 

10 ~J'". I 

:_J 

location select 

7F 

Bank2 Bank3 
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5.0 1/0 PORTS 
The PIC16C84 device has two ports, PORTA and 
PORTB. Some port pins are multiplexed with an alter
nate function for other features on the device. 

5.1 PORTA and TRISA Registers 

PORTA is a 5-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 driv
ers- All pins have data direction bits (TRIS registers) 
which can configure these pins as output or input. 

A '1' on any bit in the TRISA register puts the corre
sponding output driver in a hi-impedance mode. A 'O' on 
any bit in the TRISA register puts the contents of the 
output latch on the selected pin(s). 

Reading the PORTA register reads the status of the 
pins whereas writing to it will write to the port latch. All 
write operations are read-modify-write operations. So a 
write to a port implies that the port pins are first read, 
then this value is modified and written to the port data 
latch. 

The RA4 pin is multiplexed with the TMRO clock input. 

FIGURE 5-1: BLOCK DIAGRAM OF 

Data 
bus 

WR 
Port 

WR 
TRIS 

RD PORT 

RA<3:0> 

D a 

CK a 
Data Latch 

D a 

CK a 
TRIS Latch 

Voe 

Vss 

TTL 
input 
buffer 

1-----10 D 

LCK 

__ __. _ _. 

Note: 1/0 pins have protection diodes to Voe and Vss. 
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EXAMPLE 5-1: INITIALIZING PORTA 
CLRF PORTA ;Initialize PORTA by setting 

; output data latches 

BSF STATUS, RPO ;Select Bankl 

MOVLW OxCF 

MOVWF TRISA 

FIGURE 5-2: 

Data 

;Value used to initialize 

;data direction 

;Set RA<3:0> as inputs 

;RA<5:4> as outputs 

;TRISA<7:6> are always 

; read as ' 0 ' . 

BLOCK DIAGRAM OF RA4 PIN 

_b_us __ _. D Q 

WR 
_PO_R_T-+---CK Q 

D Q 

WR 
.JLll"'--i"--.. CK Q 

TRIS Latch 

RD TRIS 

TMRO clock in ut 

Vss 

Schmitt 
Trigger 
input 
buffer 

Note: 1/0 pin has protection diodes to Vss only. 
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TABLE 5-1: PORTA FUNCTIONS 

Name BitO Buffer Type Function 

RAO bitO TIL lnpuVoutput 

RA1 bit1 TIL lnpuVoutput 

RA2 bit2 TIL lnpuVoutput 

RA3 bit3 TTL lnpuVoutput 

RA4/TOCKI bit4 ST lnpuVoutput or external clock input for TMRO. 
Output is open collector type. 

Legend: TTL= TTL input, ST = Schmitt Trigger input 

TABLE 5-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA 

Register 
Function Address Power-on Reset Value 

Name 

PORTA PORTA pins when read 05h ---x xxxx 
PORTA data latch when written 

TRISA PORTA data direc.tion register 85h ---1 1111 
0 = output, 1 = input 

Legend: x = unknown, - = unimplemented, read as 'O'. 
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5.2 PORTS and TRISB Registers 

PORTB is an 8-bit wide bi-directional port. The corre
sponding data direction register is TRISB. A '1' on any 
bit in the TRISB register puts the corresponding output 
driver in a high impedance mode. A 'O' on any bit in the 
TRISB register puts the contents of the output latch on 
the selected pin(s). 

Each of the PORTB pins have a weak internal pull-up. 
A single control bit can turn on all the pull-ups. This is 
done by clearing the 'ITTiPU (OPTION<7>) bit. The 
weak pull-up is automatically turned off when the port 
pin is configured as an output. The pull-ups are dis
abled on POR. 

Four of PORTB's pins, RB7:RB4, have an interrupt on 
change feature. Only pins configured as inputs can 
cause this interrupt to occur (i.e. any RB7:RB4 pin con
figured as an output is excluded from the interrupt on 
change comparison). The pins value in input mode are 
compared with the old value latched on the last read of 
PORTB. The "mismatch" outputs of the pins are OR'ed 
together to generate the RBIF interrupt (INTCON<O>). 

FIGURE 5-3: BLOCK DIAGRAM OF 
RB<7:4> PINS 

VDD 
m!PO 

Data Latch 
Data bus 

D Q 

WR Port 
CKl._ 

WR TRIS CKl._ 

RD TRIS Latch 

Q D 

EN 

RD Port 

Note 1: TRISB = 1 enables weak pull-up (ifm!'PO = 0 
in the OPTION register). 

2: 1/0 pins have diode protection to VDD and 
Vss. 
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This interrupt can wake the device from SLEEP. The 
user, in the interrupt service routine, can clear the inter
rupt in one of two ways: 

1. Disable the interrupt by clearing the RBIE 
(INTCON<3>) bit. 

2. Read PORTB, 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 Control Handbool<}. 

The interrupt on change feature is recommended for 
wake-up on key depression operation and operations 
where PORTB is only used for the interrupt on change 
feature. Polling of PORTB is not recommended while 
using the interrupt on change feature. 

FIGURE 5-4: BLOCK DIAGRAM OF 
RB<3:0> PINS 

Data Latch 
Data bus 

---...---iD a 

WRPo_rt __ --+--•CKl._ 

D Qr-+----' 

WRTR~IS"----t--PCKl._ 

Q D 

VDD 

Note 1: TRISB = 1 enables weak pull-up (if ml5lJ = 0 
in the OPTION register). 

2: 1/0 pins have diode protection to VDD and 
Vss. 

3: For ABO/INT pin, the INT input comes through 
a Schmitt Trigger input buffer. 
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EXAMP.LE 5-2: INITIALIZING PORTB 
CLRF PORTB ;Initialize PORTB by setting 

; output data latches 

BSF STATUS, RPO ;Select Bankl 

MOVLW OxCF 

MOVWF TRISB 

TABLE 5-3: 

;Value used to initialize 

; data direction 

;Set RB<3:0> as inputs 

;RB<5:4> as outputs 

;TRISB<7:6> are always 

; read as 1 0 1 • 

PORTB FUNCTIONS 

Name Bit Buffer Type VO Consistancy Function 

RBO/INT bitO TTL lnpuVoutput pin or external interrupt input. Internal software 
programmable 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 bits 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. Serial programming clock. 

RB7 bit? TTUST:j: lnpuVoutput pin (with interrupt on change). Internal software programmable 
weak pull-up. Serial programming data. 

Legend: TTL= TTL input, ST= Schmitt Trigger. 
t This buffer is a Schmitt Trigger input when configured as the external interrupt. 
:f: This buffer is a Schmitt Trigger input when used in serial programming mode. 

TABLE 5-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB 

Register Name Function Address 

PORTB PORTB pins when read 06h 
PORTB data latch when written 

TRISB PORTB data direction register 86h 
O = output, 1 = input 

OPTION Weak pull-up on/off control (RBPU bit) 81h 

Legend: x = unknown. 
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Power-on Reset Value 

xxxx xxxx 

1111 1111 

1111 1111 
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5.3 VO Programming Considerations 

5.3.1 Bl-DIRECTIONAL 110 PORTS 

Any instruction which writes, operates internally as a 
read followed by a write operation. The BCF and BSF 
instructions, for example, read the register into the 
CPU, execute the bit operation and writes the result 
back to the register. Caution must be used when these 
instructions are applied to a port with both inputs ahd 
outputs defined. For example, a BSF operation on bits 
of PORTB will cause all eight bits of PORTS to be read 
into the CPU. Then the BSF operation takes place on 
bi15 and PORTS is written to the output latches. If 
another bit of PORTB is used as a bi-directional 110 pin 
(i.e., bitO) and ii 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. However, 
if bilO is switched into output mode later on, the content 
of the data latch is unknown. 

Reading the PORT[A,B] register reads the values of the 
PORT[A,B] pins. Writing to the PORT[A,B] register 
writes the value to the PORT[A,B] latch. When using 
read modify write instructions (i.e. BCF, BSF, etc.) on 
a port, the value of the PORT[A,B] pins is read, the 
desired operation is done to this value, and this value is 
then written to the PORT[A,B] latch. 

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 5-5: SUCCESSIVE 1/0 OPERATION 
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5.3.2 SUCCESSIVE OPERATIONS ON 110 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 
(Figure 5-5). 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 that the pin voltage stabilizes (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 another instruction not 
accessing this 110 port. 

Example 5-3 shows the effect of two sequential 
read-modify-write instructions (e.g., BCF, BSF, etc.) on 
an 110 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-ups 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 
BCF 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). 

; 011 021 031 04; 01 I 021 031 04; 01 I 02103104; 01 I 021 031 04; Note: 

PC k PC+1 ~ PC+2 ~ PC+3 
Instruction ; MOVWF PORTB ;MOVF PORTB,W • 

fetched • write to • ' NOP NOP 
PORTB 

RB7:RBO c..• ------;------'.X f , 
~ortpin : 

, sampled here; . . 
Instruction 1 • • 

executed : MO~~ ::,ORTB ;MOVF PORTB,W : 
NOP NOP 

PORTB 

© 1995 Microchip Technology Inc. 

This example shows a write ID PORTB 
followed by a read from PORTB. 

Note that 
data setup time= (0.25 Tcv • TPD) 
where Tcv = instruction cycle. 

TPD = propagation delay 

!~~!>~i~~~:rac= =U:~~~ematic. 

0530081E-page2-745 



PIC16C84 

NOTES: 
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6.0 TIMERO (TMRO) MODULE 
The TMRO module timer/counter has the following fea
tures: 

• 8-bit timer/counter 
• Readable and writable 
• 8-bit software programmable prescaler 
• Internal or external clock select 
• Interrupt on overflow from FFh to OOh 

• Edge select for external clock 

Figure 6-1 is a simplified block diagram of the TMRO 
module. 

Timer mode is selected by clearing the TOCS bit 
(OPTION<5>). In timer mode, the TMRO module will 
increment every instruction cycle (without prescaler). If 
TMRO is written, the increment is inhibited for the fol
lowing two cycles (Figure 6-2 and Figure 6-3). The user 
can work around this by writing an adjusted value to the 
TMRO module. 

Counter mode is selected by setting the TOCS 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 the TO source 
edge (TOSE) control bit (OPTION<4>). Clearing the 

FIGURE 6-1: TMRO BLOCK DIAGRAM 

Fosc/4 0 

~ pin 
Programmable 

Prescaler 
TOSE 

3 

PIC16C84 

TOSE bit (OPTION<4>) selects the rising edge. 
Restrictions on the external clock input are discussed in 
detail in Section 6.2. 

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 nor 
writable. When the prescaler is assigned to the TMRO 
module, the prescale value (1 :2, 1 :4, ... , 1 :256) is soft
ware selectable. Section 6.3 details the operation of the 
prescaler. 

6.1 TIMERO CTMROl Interrupt 

TMRO interrupt is generated when the TMRO module 
timer/counter overflows from FFh to OOh. This overflow 
sets the TOIF bit (INTCON<2>). The interrupt can be 
masked by clearing the TOIE bit (INTCON<5>). The 
TOIF bit must be cleared in software by the TMRO mod
ule 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. Figure 6-4 shows the TMRO interrupt liming. 

Data bus 

PS out 8 

Sync with 
Internal TMRO 
clocks 

PSout 
(2 cycle delay) 

Set TOIF 
PS2, PS1, PSO PSA lnterr~on 

TOCS 

Note 1: Bits TOSE, TOCS, PS2, PS1, PSO and PSA are located in the OPTION register. 
2: The prescaler is shared with the Watchdog Timer (Figure 6-6) 

FIGURE 6·2: TMROTIMING: INTERNAL CLOCK/NO PRESCALE 

Ove low 

:01102103104: 01102103104:01102103104 :01 lo2losl04:01102103104:01102103104: 01 lo2lasl04:01102103104: 
I I I I 

PC 2C:l ~ i5C+1 P0+2 PC±3 150+4 Pc+!: l'O+il 

Instruction 'MOVWFTMRO 'MOVFTMRO,W 'MOVFTMAO,W 'MOVFTMAO,W 'MOVFTMAO,W 'MOVFTMAO,W' 
Fetch I I I I I I I 

TMRO ::rr::::::::x i'il+1 x : T0+2 ~To lilTo lilTo x : f'lIO±l x : BTo+g c 
Instruction t t t t t t 
Executed WriteTMAO AeadTMAO AeadTMAO AeadTMAO AeadTMAO AeadTMAO 

executed reads NTO reads NTO reads NTO reads NTO+ 1 reads NTO + 2 
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FIGURE 6-3: TMROTIMING: INTERNAL CLOCK/PRESCALE 1:2 

:01I02103104: 01102103104:01102103104:01102103104:01102-103104:01102103104: 01I02103104 :01I02103104: 
I I I I 

PC PC:1 PC ec+1 Pc+2 Pe+3 PC+4 PC+5 PG+§ 

w::~ction : MOVWFTMRO : MOVFTMRO,W :MOVFTMAO,W :MOVFTMRO,W :MOVFTMRO,W: MOVFTMRO,W: 

TMRO ~; ""'to..----v--~-__.,..--~----, t0+1 )( 

Instruction 
Execu1e 

t 
WrltaTMRO 
executed 

FIGURE 6-4: TMRO INTERRUPT TIMING 

OSC1 

CLKOUT@: __ ~ 

tlIQ 

t t 
ReadTMRO ReadTMRO 
reads NTO reads NTO 

)(: RTO+J ) : 
t t ' t 

ReadTMRO ReadTMRO ' ReedTMRO 
reads NTO reads NTO reads NTO+ 1 

TMROtimer: FEh ~~-,,..-~FF~h-o,--~X~-~~OOh-'-"---~X~-~-0~1~h __ ~X~-~-02~h ___ JC:=! 
+© •© TOIF bit • 

(INTCON<2>) :'--------''--~ 

GIEbit 
(INTCON<7>) , 

INSTRUCTION :S.Ow 

PC ~~--~P~C __ __,~~-~PC~+1,__ _ __, ~ 
Instruction J : 
fetched 1' 
Instruction J : 
executed 1 : 

lnst(PC) 

lnst(PC-1) 

lnst(PC+1) 

lnst(PC) 

Note 1: TOIF interrupt flag is sampled here (every 01). 

Interrupt Latency 

PC+1 

Dummy cycle 

2: Interrupt latency= 4Tcy, where Tcy = instruction cycle time. 
3: CLKOUT is available only in RC oscillator mode. 
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~ 0004h x 0005h 

Inst (0004h) Inst (0005h) 

Dummy cycle Inst (0004h) 
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6.2 Using TMRO with External Clock 

When an external clock input is used for TMRO, it must 
meet certain requirements. The external clock require
ment is due to internal phase clock (Tosc) synchroniza
tion. Also, there is a delay in the actual incrementing of 
TMRO after synchronization. 

6.2.1 EXTERNAL CLOCK SYNCHRONIZATION 

When no prescaler is used, the external clock input is 
the same as the prescaler output. The synchronization 
of TOCKI with the internal phase clocks is accom
plished by sampling the prescaler output on the 02 and 
04 cycles of the internal phase clocks (Figure 6-5). 
Therefore, it is necessary for TOCKI to be high for at 
least 2 Tosc (plus a small RC delay) and low for al least 
2 Tosc (plus a small RC delay). Refer to the electrical 
specification of the desired device. 

When a prescaler is used, the external clock input is 
divided by an asynchronous ripple counter type pres
caler so that the prescaler output is symmetrical. For 
the external clock to meet the sampling requirement, 
the ripple counter must be taken into account. There
fore, it is necessary for TOCKI to have a period of at 
least 4 Tosc (plus a small RC delay) divided by the 
prescaler value. The only requirement on TOCKI high 
and low lime is that they do not violate the minimum 
pulse width requirement of 10 ns. Refer to parameters 
40, 41 and 42 in the AC Electrical Specifications of the 
desired device. 

PIC16C84 

6.2.2 TMRO INCREMENT DELAY 

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 mod
ule is actually incremented. Figure 6-5 shows the delay 
from the external clock edge to the timer incrementing. 

6.3 Pres ca I er 

An 8-bit counter is available as a prescaler for the 
TMRO module, or as a post-scaler for the Watchdog 
Timer (Figure 6-6). 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 exclusive 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 PSAand PS2:PSO bits (OPTION<3:0>) determine 
the prescaler assignment and prescale 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 pres
caler is not readable nor writable. 

FIGURE 6-5: TIMEROTIMINGWITH EXTERNAL CLOCK 

I 011 021031Q4I011 021 031 Q4 I 011 021031Q4I011 021 031 Q4 I 
Ext. Clock Input or I I I I Small pulse· 

Prescaler Out (Note 2) misses sam ling 

Ext. Clock/Prescaler t t t 
Output After Sampling 

I (Note3) 

Increment TMRO (04) 

TMRO I IQ IQ±2 

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

2: External clock H no prescaler selected, Prescaler output otheiwlse. 
3: The arrows t indicate where sampling occurs. 

t 
I 
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FIGURE 6-6: BLOCK DIAGRAM OF THE TMRO/WDT PRESCALER 

CLKOUT (= Fosc/4) 

RA4TfOCKI ~ 
pin "'-------"' r 

WOT 
timer 

WOT enable bit 

TOSE 
TOCS 

PSA 

0 

M 
u 
x 

PSA 

8-blt Prescaler 

8 

8-to -1MUX 

0 

WOT 
time-out 

Note: TOSE, TOCS, PSA, PS2:PSO are bits in the OPTION register. 
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SYNC 
2 

Cycles 

PS2:PSO 

OataBus 

8 

TMRO 

SetTOIF 
interrupt 

on overflow 
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6.3.1 SWITCHING PRESCALERASSIGNMENT 

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 (Example 6-1) must be 
executed when changing the prescaler assignment 
from TMRO to the WOT. 

EXAMPLE 6-1: CHANGING PRESCALER 
(TMR0-7WDT) 

BCF STATUS, RPO Bank 0 
CLRF TMRO Clear TMRO & Prescaler 
BSF STATUS, RPO Bank 1 
CLRWDT Clears WOT 
MOVLW 1 xxxxlxxx. 1 b Select new prescaler 
MOVWF OPTION value 
BCF STATUS, RPO Bank 0 

TABLE 6-1: SUMMARY OFTMRO REGISTERS 

Register Name Function 

TMRO Timer/counter register 

OPTION Configuration and prescaler assign-
ment bits for TM RO. (Figure 6-5) 

INTCON TMRO overflow interrupt flag and 
mask bits. (Figure 6-6) 

Legend: x = unknown. 

PIC16C84 

To change prescaler from the WOT to the TMRO mod
ule use the sequence shown in Example 6-2. This 
sequence must be taken even ii the WOT is disabled. 

EXAMPLE 6-2: CHANGING PRESCALER 
(WDT-7TMRO) 

CLRWDT Clear WDT and 

BSF STATUS, RPO 
MOVLW 1 xxxxOxxx 1 b 

MOVWF OPTION 
BCF STATUS, RPO 

prescaler 

Select TMRO, new 
prescale value 
and clock scurce 

Address Power-on Reset Value 

01h xxxx xxxx 
81h 1111 1111 

OBh 0000 OOOx 

Note: For reset values of registers in other reset situations refer to the Special Features of the CPU section. 

TABLE 6-2: REGISTERS ASSOCIATED WITHTMRO 

Address Name Bit 7 Bit 6 Bit5 

01h TMRO 

0Bh/8Bh INTCON 

81h OPTION 

85h TRISA 

Legend: - = Unimplemented locations, read as 'O'. 
Note 1: Shaded cells are not used by TMRO module. 

2: The PIC16C84 device does not have an RAS pin. 
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Bit4 Bit3 Bit 2 Bit 1 BitO 
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Notes: 
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7.0 DATA EEPROM MEMORY 
The EEPROM data memory is readable and writable 
during normal operation (full Voo range). This memory 
is not directly mapped in the register file space. Instead 
it is indirectly addressed through the Special Function 
Registers. There are four SFRs used to read and write 
this memory. These registers are: 

• EECON1 
• EECON2 
• EEDATA 
• EEADR 

EEDATA holds the 8-bit data for read/write, and 
EEADR holds the address of the EEPROM location 
being accessed. PIC16C84 devices have 64 bytes of 
data EEPROM with an address range from Oh to 3Fh. 

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 10 ms, and is controlled by an 
on-chip timer. The actual write-time will vary with volt
age and temperature as well as from chip to chip. 
Please refer to AC specifications for exact limits. 

FIGURE 7-1: EECON1 REGISTER 

u u u R/W R/W R/W R/S R/S 

l -1- l - l EEIF l WRERR I WREN l WR l RD J 
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When the device is code protected, only the CPU may 
complete reads or writes of the data memory. That is, 
the device programmer can no longer access this 
memory (external reads/writes are disabled). 

7.1 EEADR 

The EEADR register can address up to a maximum of 
256 bytes of data EEPROM. Only the first 64 bytes of 
data EEPROM are implemented and only six of the 
eight bits in the register (EEADR<5:0>) are required. 

The upper two bits are not address decoded. This 
allows four addresses to map into the 64 byte memory 
space. We recommend using absolute address (0 -
3Fh) to ensure future upward compatibility. 

Register: EECON1 R: Readable bit 
Address: 88h W: Writable bit 

bi t7 bitO POR value: ---0 xOOO S: Settable bit 

c____ 

© 1995 Microchip Technology Inc. 

U: Unimplemented, 
read as 'O' 

RD: Read Control bit 

1 = Initiates an EEPROM read 
Read takes one cycle. RD is cleared in hardware. 
RD bit can only be set (not cleared) in software. 

O = Does not initiate an EEPROM read 

WR: Write Control bit 

1 = Initiates a write cycle 
The bit is cleared by hardware once write is complete. 
WR bit can only be set (not cleared) in software. 

0 =Write cycle to the data EEPROM is complete 

WREN: EEPROM Write Enable bit 

1 = Allows a write cycle 
0 = Inhibits write to the data EEPROM 

WRERR: EEPROM Error Flag bit 

1 =A write operation is prematureJ'c\oRrminated 
Termination occurs from any reset, or by a 
WOT reset during normal operation. 

0 = The write operation completed 

EEIF: EEPROM Write Operation Interrupt Flag bit 
1 = The write operation completed 

(Must be cleared in software.) 
O = The write operation is not completed or has not 

been started 

Unimplemented: read as 'O' 
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7.2 EECON1 and EECON2 Registers 

EECON1 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 arid write, respec
tively. These bits cannot be cleared, only set, in soft
ware. They are cleared in hardware. at completion of 
read or write operation. Inability to clear.the WR bit in 
software prevents the accidental, premature termina
tion of a write operation. 

The WREN bit, when set, will allow a write operation. 
On power-up WREN is clear. The WRERR bit is set 
when a write operation is interrupted by a liAC[R reset 
or a WOT time-out reset during normal operation. In 
these situations, following reset, the user can check the 
WRERR bit and rewrite the location. The data and 
address will be unchanged in the EEDATA and EEADR 
registers. 

The EEIF interrupt flag bit is set when write is complete. 
It must be cleared in software. 

EECON2 is not a physical register. Reading EECON2 
will read all 'O's. 

7.3 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 (EECON1<0>). The data is available, in the very 
next cycle, in the EEDATA 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 (dur
ing a write operation). 

EXAMPLE 7-1: DATA EEPROM READ 
BCF STATUS, RPO Bank 0 
MOVLW CONFIG_ADDR 
MOVWF EEADR Address to read 
BSF STATUS, RPO Bank 1 
BSF EECON, RD EE Read 
BCF STATUS, RPO Bank 0 
MOVF EEDATA, W W = EEDATA 
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7.4 Writing to the EEPRQM Data Memory 

To write an EEPROM data location, the user must first 
write the address to the EEADR register and the data 
to the EEDATA register: Then the user must follow a 
specific sequence to iriitiate write, 

EXAMPLE 7-2: DATA EEPROM WRITE 
BSF STATUS, RPO Bank 1 
BCF INTCON, GIE Disable INTs. 
MOVLW SSh 
MOVWF EECON2 Write 55h 
MOVLW AAh 
MOVWF EECON2 Write AAh 
BSF EECONl,WR Set WR bit 

begin write 
BSF INTCON, GIE Enable INTs. 

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. We strongly recom
mend that interrupts be disabled during this code seg
ment. 

Additionally, the WREN bit in EECON1 must be set to 
enable write. This mechanism prevents accidental 
writes to data EEPROM ·due to errant (unexpected) 
code execution (i.e., lost programs). The user should 
keep the WREN bit clear at all times, except when 
updating EEPROM. 

After a write sequence has been initiated, clearing the 
WREN bit will not affect this write cycle. The WR bit will 
be inhibited from being set until the WREN bit has been 
set. 

At the completion of the write cycle, the WR bit is 
cleared in hardware and the EE Write Complete Inter
rupt Flag (EEIF) is set. The user can either enable this 
interrupt or poll this bit. EEIF must be cleared by soft
ware. 
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7.5 Protection Against Sourious Write 7.6 Power Consumption Considerations 

There are conditions when the device may not want to 
write to the data EEPROM memory. To protect against 
spurious EEPROM writes, various mechanisms have 
been built in. On power-up, WREN is cleared. Also, 
the power-up timer (72 ms duration) prevents 
EEPROM write. 

The write initiate sequence and the WREN bit together 
help prevent an accidental write during brown-out, 
power glitch, or software malfunction. 

TABLE 7-1: REGISTERS/BITS ASSOCIATED WITH DATA EEPROM 

Address Name Bit7 I Bit& I Bit5 I Bit4 I Bit3 I Bit2 I Bill 

OBh EEDATA EEPROM data register 

09h EEADR EEPROM address register 

88h EECON1 - l -I - l EEIF l WRERR I WREN l WR 

89h EECON2 EEPROM control register 2 

I Value on Value on all 
BitO Power.On other resets 

Reset (Nolet) 

xxxx xxxx uuuu uuuu 

lCXXX xxxx uuuu uuuu 

I RD ---0 xOOO ---0 ?000 

---- ---- ---- ----
Legend: x = unknown, u = unchanged, - = unimplemented, read as 'O', ? =Value depends upon condition. 
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8.0 SPECIAL FEATURES OF THE 
CPU 

What sets a microcontroller apart from other proces
sors 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, mini
mize cost through elimination of external components, 
provide power saving operating modes and offer code 
protection. These features are: 

• OSC selection 

• Reset 

Power-On Reset (POR) 

- Power-Up limer (PWRT) 

- Oscillator Start-Up Timer (OST) 

• Interrupts 

• Watchdog limer (WOT) 

• SLEEP 

• Code protection 

• ID locations 

• In-circuit serial programming 

The PIC16C84 has a Watchdog limer which can be 
shut off only through configuration bits. It runs off its 
own RC oscillator for added reliability. There are two 
timers that offer necessary delays on power-up. One is 

FIGURE 8-1: CONFIGURATION WORD 
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the Oscillator Start-Up limer (OST), intended to keep 
the chip in reset until the crystal oscillator is stable. The 
other is the Power-Up limer (PWRT), which provides a 
fixed delay of 72 ms (nominal) on power-up only. This 
design keeps the device in reset while the power supply 
stabilizes. With these two timers on-chip, most applica
tions need no external reset circuitry. 

SLEEP mode offers a very low current power-down 
mode. The user can wake up from SLEEP through 
external reset, Watchdog limer time-out or through an 
interrupt. Several oscillator options are provided 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 configuration bits are used to 
select the various options. 

8.1 Configuration Bits 

The configuration bits 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. 

Note that address 2007h is beyond the user program 
memory space. In fact, it belongs to the special test/ 
configuration memory space (2000h - 3FFFh), which 
can be accessed only during programming. 

Register: CONFIG 
Address: 2007h 

R= Readable bit 
P= Programmable bit 
- n= Value fer erased device 

U -1 U -1 U -1 U -1 U -1 U -1 U -1 U -1 U -1 RIP -1 RIP-1 RIP-1 RIP-1 RIP -1 

CP PWRTE WOTE FOSC1 FOSCO 

bit13 

© 1995 Microchip Technology Inc. 

bito 

FOSC<1 :D>: OSC Selection bits 
11 : RC oscillator 
10 : HS oscillator 
01 : XT oscillator 
00 : LP oscillator 

~------ WOTE: WOT Enable bits 
1 = WOT enabled 
o = WOT disabled 

PWRTE: Power-up limer Enable bits 
1 = Power-Up limer enabled 
O = Power-Up limer disabled 

~----------- CP: Code Protection bit 
1 = Code protection off 
o = All memory is code protected 

Unimplemented, read as '1' 
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8.2 Oscillator Configurations 

8.2.1 OSCILLATOR TYPES 

The PIC16CB4 can be operated in four different oscilla
tor m0des. The user can program two configuration bits 
(FOSC1 and FOSCO) to select one of these four 
modes: 

• LP Low Power Crystal 

• XT Crystal/Resonator 

• HS High Speed Crystal/Resonator 
• RC Resistor/Capacitor 

8.22 CRYSTAL OSCILLATOR I CERAMIC 
RESONATORS 

In XT, LP or HS modes a crystal or ceramic resonator 
is connected to the OSC1/CLKIN and OSC2/CLKOUT 
pins to establish oscillation (Figure 8-2). The PIC16C84 
oscillator design requires the use of a parallel cut crys
tal. 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/CLKIN pin. This is shown in 
Figure 8-3. 

FIGURE 8-2: CRYSTAUCERAMIC 
RESONATOR OPERATION 
(HS, XT OR LP OSC 
CONFIGURATION) 

OSC1 Jc1 
~ DXTAL 

C2 

To internal 
logic 

SLEEP 

PIC16CXX 

See Table 8-1 and Table 8-2 for recommended val
ues of C1 and C2. 

Note 1: A series resistor may be required for AT 
strip cut crystals. 

FIGURE 8-3: EXTERNAL CLOCK INPUT 
OPERATION (HS, XT OR LP 
OSC CONFIGURATION) 

Clock from 
ext. system 

OSC1 

Open OSC2 

PIC16CXX 
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TABLE 8-1: PIC16C84 CAPACITOR 
SELECTION FOR CERAMIC 
RESONATORS 

Ranges Tested: 

Mode Freq OSC1/C1 OSC2/C2 

XT 455 kHz 47-100 pf 47-100 pf 
2.0 MHz 15 - 68 pF 15 • 68 pF 
4.0 MHz 15-68pF 15 • 68 pF 

HS 8.0 MHz 15-68pF 15 • 68 pF 
10.0 MHz 10-47pF 10 -47 pF 

Note: Recommended values of C1 and C2 are identical 
to the ranges tested table. 

Higher capacitance increases the stabillty of the 
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 manufacturer for the 
appropriate values of external components. 

Resonators Tested: 

455 kHz Panasonic EFO-A455K04B ±0.3% 

2.0MHz Murata Erie CSA2.00MG ±0.5% 

4.0 MHz Murata Erie CSA4.00MG ±0.5% 

8.0 MHz Murata Erie CSA8.00MT ±0.5% 

10.0 MHz Murata Erie CSA10.00MTZ ±0.5% 

- None of the resonators had built-in capacitors. 

© 1995 Microchip Technology Inc. 
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TABLE 8-2: PIC16C84 CAPACITOR 
SELECTION FOR CRYSTAL 
OSCILLATOR 

Mode Freq OSC1/C1 OSC2/C2 

LP 32kHz 68-100 pF 68 -100 pF 
200 kHz 15-30pF 15-30pF 

XT 100 kHz 68 -150 pF 150 • 200 pF 
2MHz 15-33pF 15 • 33 pF 
4MHz 15-33pF 15- 33 pF 

HS 4MHz 15 - 33 pF 15 • 33 pF 
10MHz 15 - 47 pF 15-47pF 

Note: Higher capacitance increases the stabillty of oscilla-
tor but also increases the start-up time. These val-
ues 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 specifica-
tion. Since each crystal has Its own characteristics, 
the user should consult the crystal manufacturer for 
appropriate values of external components. 

For VDD > 4.5V, C1 = C2 ~ 30 pF Is recommended. 

Crystals Tested: 

32.768 kHz Epson C-001 R32.768K-A ±20 PPM 

100 kHz Epson C-2100.00 KC-P ±20 PPM 

200 kHz STD XTL 200.000 KHz ±20 PPM 

1.0 MHz ECS ECS-10-13-2 ±50 PPM 

2.0 MHz ECS ECS-20-S-2 ±50 PPM 

4.0MHz ECS ECS-40-S-4 ±50 PPM 

10.0 MHz ECS ECS-100-S-4 ±50 PPM 
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8.2.3 EXTERNAL CRYSTAL OSCILLATOR 
CIRCUIT 

Either a prepackaged oscillator can be used or a simple 
oscillator circuit with TIL 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 TIL gates. Two types of 
crystal oscillator circuits are available; one with series 
resonance, or one with parallel resonance. 

Figure 8-4 shows a parallel resonant oscillator circuit. 
The circuit is designed to use the fundamental fre
quency of the crystal. The 7 4AS04 inverter performs 
the 180-degree phase shift that a parallel oscillator 
requires. The 4.7 kn resistor provides negative feed
back for stability. The 10 kn potentiometer biases the 
74AS04 in the linear region. This could be used for 
external oscillator designs. 

FIGURE 8-4: EXTERNAL PARALLEL 
RESONANT CRYSTAL 
OSCILLATOR CIRCUIT 

+5V 

XTAL 

D 
10k 

10k 

To Other 
Devices 

PIC16CXX 

CLKIN 

Figure 8-5 shows a series resonant oscillator circuit. 
This circuit is also designed to use the fundamental fre
quency of the crystal. The inverter performs a 180-
degree phase shift. The 330 kn resistors provide the 
negative feedback to bias the inverters in their linear 
region. 

FIGURE 8-5: EXTERNAL SERIES 
RESONANT CRYSTAL 
OSCILLATOR CIRCUIT 
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8.2.4 RC OSCILLATOR 

For timing insensitive applications the RC device option 
offers additional cost savings. The RC oscillator fre
quency is a function of the supply voltage, the resistor 
(Rext) values, capacitor (Cext) values, and the operat
ing temperature. In addition to this, the oscillator fre
quency will vary from unit to unit due to normal process 
parameter variation. Furthermore, the difference in lead 
frame capacitance between package types also affects 
the oscillation frequency, especially for low Cext val
ues. The user needs to take into account variation due 
to tolerance of the external R and C components. 
Figure 8-6 shows how an RIC combination is con
nected to the PIC16C84. For Rext values below 2.2 kn, 
the oscillator operation may become unstable, or stop 
completely. For very high Rex! values (e.g. 1 MQ), the 
oscillator becomes sensitive to noise, humidity and 
leakage. Thus, we recommend keeping Rex! between 
3 kn and 100 kn. 

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 little 
or no external capacitance, the oscillation frequency 
can vary dramatically due to changes in external 
capacitances, such as PCB trace capacitance or pack
age lead frame capacitance. 

See the electrical specification section for RC fre
quency variation from part to part due to normal pro
cess 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 has a greater affect on RC frequency). 

See the electrical specification section for variation of 
oscillator frequency due to Voe for given Rext/Cext val
ues as well as frequency variation due to operating 
temperature. 

The oscillator frequency, divided by 4, is available on 
the OSC2/CLKOUT pin, and can be used for test pur
poses or to synchronize other logic (see Figure 3-2 for 
waveform). 

FIGURE 8-6: RC OSCILLATOR MODE 

Voo 

Rext 

CextI 

Vss -=-
-----1 OSC2/CLKOUT 

Internal 
clock 

PIC16CXX 
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8.3 ~ 

The PIC16C84 differentiates between various kinds of 
reset: 

• Power-On Reset (POR) 

• MCLR reset during normal operation 

• J.ilCUi reset during SLEEP 

• WOT time-out reset during normal operation 

• WOT time-out reset during SLEEP 

Some registers are not affected in any reset condition; 
their status is unknown on POR reset and unchanged 
in any other reset. Most other registers are reset to a 
"reset state" on POR, J.ilCUi or WOT reset during nor
mal operation and on lVfCtJi reset during SLEEP. They 
are not affected by a WOT reset during SLEEP, since 
this reset is viewed as the resumption of normal opera
tion. The TO and PD bits are set or cleared differently 
in different reset situations as indicated in Table 8-4. 
These bits are used in software to determine the nature 
of the reset. Table 8-6 gives a full description of reset 
states for all registers. 

Figure 8-7 shows a simplified block diagram of the on
chip reset circuit. 

8.4 

8.4.1 

PIC16C84 

Power-On Reset CPOR), Power-Uo
Timer (PWRT) and Oscillator Start-Up 
Timer COST) 

POWER-ON RESET (POR) 

A Power-On Reset pulse is generated on-chip when 
VDD rise is detected (in the range of 1.6V - 1.8V). To 
take advantage of the POR, just tie the lVfCtJi pin 
directly (or through a resistor) to VDD. This will eliminate 
external RC components usually needed to create 
Power-On Reset. A maximum rise time for VDD is 
required for this to operate properly. See Electrical 
Specifications for details. 

The POR circuit does not produce an internal reset 
when VDD declines. 

8.4.2 POWER-UP TIMER (PWRT) 

The Power-Up Timer provides a fixed 72 ms nominal 
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 dis
able (if cleared or programmed) the power-up timer. 

The Power-Up lime delay will vary from chip to chip 
due to Voo, temperature, and process variation. See 
DC parameters for details. 

FIGURE 8-7: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT 

~ 
Voo 

OST/PWRT 

External 
Reset 

10-bit Ripple counter 

10-bit Ripple counter 

t This is a separate oscillator frorn 
the RC oscillator of the CLKIN pin. 
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Ch1p_Reset 
R 

Power_ Up and PWRTE 
'------ (Enable the PWRT timer 

"' :0 
"'~-----c 
w 

only if it is Power_ Up and power_on timer 
fuse is enabled) 

(Power_Up + Wake_Up) (XT +LP+ HS) 
(Enable the OST if it is l'ower_Up or Wake_Up 
from SLEEP and OSC type is XT or LP or HS) 
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8.4.3 OSCILLATOR START-UP TIMER (OST) 

The Oscillator Start-Up Timer (OST) provides a 1024 
oscillator cycle delay (from OSC1 input) after the 
PWRT delay ends. This ensures 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. 

8.4.4 TIME-OUT SEQUENCE 

On power-up the time-out sequence is as follows: First 
PWRT time-out is invoked after a POR has expired. 
Then the OST is activated. The total time-out will vary 
based on oscillator configuration and PWRTE fuse sta
tus. For example, in RC mode with the PWRTE fuse 
cleared (PWRT disabled), there will be no time-out at 
all. Figure 8-8, Figure 8-9, and Figure 8-10 depict time
out sequences on power-up. 

TABLE 8-3: 

Oscillator 
Configuration 

XT, HS, LP 

RC 

TIME-OUT IN VARIOUS 
SITUATIONS 

Power-up Wakeup 
PWRTE = 1 PWRTE =0 from 

SLEEP 
72ms+ 1024 Tosc 1024 tosc 

1024 Tosc 
72 ms - -

Since the time-outs occur from the POR reset pulse, if 
MCLR is kept low long enough, the time-outs will 
expire. Then bringing MCLR high will begin immedi
ately (see Figure 8-9). This is useful for testing pur
poses or to synchronize more than one PIC16CXX 
device when operating in parallel. 

Table 8-4 shows the significance of the iO and 150 bits. 
Table 8-5 lists the reset conditions for some special 
registers, while Table 8-6 lists the reset conditions for 
all the registers. 

TABLE 8-4: 

TO PD 

1 1 

0 x 
x 0 

0 1 

0 0 

1 1 

1 0 

STATUS BITS AND THEIR 
SIGNIFICANCE 

Condition 

Power-On Reset 

Illegal, TO is set on l50R 
Illegal, Pr5 is set on l50R 
WDT reset during normal operation 

WOT timeout wakeup from SLEEP 

fiifCUi reset during normal operation 

MCrn reset during SLEEP or interrupt 
wake-up from SLEEP 

TABLE 8-5: RESET CONDITION FOR PCL AND STATUS REGISTERS 

Condition 
PCL STATUS 
Addr: 02h Addr: 03h/83h 

Power-On Reset OOOh 0001 lxxx 

MCrn reset during normal operation OOOh 0001 luuu 

MCLR reset during SLEEP OOOh 0001 Ouuu 

WDT reset during normal operation OOOh 0000 luuu 

WDT during SLEEP PC+ 1 uuuO Ouuu 

Interrupt wake-up from SLEEP PC+ 1 (Note1) uuul Ouuu 

Legend: u = unchanged, x = unknown. 
Note 1: When the wake-up is due to an interrupt and the GI E bit is set, the PC is loaded with the interrupt vector 

(0004h). 
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TABLE 8-6: INITIALIZATION CONDITIONS FOR ALL REGISTERS 

MCLR Reset during: Wake up from SLEEP: 
- normal operation - through interrupt 

Register Address Power-On Reset -SLEEP - through WOT timeout 
WOT timeout during 
normal operation 

w - xxxx xxxx uuuu uuuu uuuu uuuu 

INDF OOh ---- ---- ---- ---- ---- ----
TMRO 01h xxxx xxxx uuuu uuuu uuuu uuuu 

PCL 02h OOOOh OOOOh PC + 
-? 
j_-

STATUS 03h 0001 lxxx 000? ?uuu3 uuu? ?uuu3 

FSR 04h xxxx xx xx uuuu uuuu uuuu uuuu 

PORTA 05h ---u uuuu ---u uuuu ---u uuuu 

PORTB 06h xxxx xxxx uuuu uuuu uuuu uuuu 

EEDATA 08h xxxx xxxx uuuu uuuu uuuu uuuu 

EEADR 09h xxxx xxxx uuuu uuuu uuuu uuuu 

PCLATH OAh ---0 0000 ---0 0000 ---u uuuu 

INTCON OBh 0000 OOOx 0000 OOOu uuuu uuuu1 

INDF 80h ---- ---- ---- ---- ---- ----
OPTION 81h 1111 1111 1111 1111 uuuu uuuu 

PCL 82h OOOOh OOOOh PC + 1 

STATUS 83h 0001 lxxx 000? ?uuu3 uuu? ?uuu3 

FSR 84h xxxx xxxx uuuu uuuu uuuu uuuu 

TRISA 85h ---1 1111 ---1 1111 ---u uuuu 

TRISB 86h 1111 1111 1111 1111 uuuu uuuu 

EECON1 88h ---0 0000 ---0 ?000 ---0 ?uuu 

EECON2 89h ---- ---- ---- ---- ---- ----
PCLATH 8Ah ---0 0000 ---0 0000 ---u uuuu 

INTCON 8Bh 0000 OOOx 0000 OOOu uuuu uuuu1 

Legend: u = unchanged, x = unknown, - = unimplemented bit, read as 'O', ? =value depends on condi
tion 

Note 1: One or more bits in INTCON 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: Table 8-5 lists the reset value for each specific condition. 

© 1995 Microchip Technology Inc. DS30081 E-page 2-763 



PlC16C84 

FIGURE 8-8: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO Voo): CASE 1 

Voo 

MCLR 

INTERNAL POR 

PWRT TIME-OUT 

OST TIME-OUT 

INTERNAL RESET 

-----TPWRT'------

:---Tosr-; 
;----------

FIGURE 8-9: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO Voo): CASE 2 

Voo 

MCLR 

INTERNAL POR 

PWRT TIME-OUT 

OST TIME-OUT 

INTERNAL RESET 

-----TPWRT'----. 

:--Tosr-; 
;----~----

FIGURE 8-10: TIME-OUT SEQUENCE ON POWER-UP (MCLRTIED TO Voo) 

Voo 

MCLR 

INTERNAL POR 

PWRTTIME-OUT 

OST TIME-OUT 

INTERNAL RESET 
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:.---- TPWRT _____,... : 
~-------------~ 

-Tos;..: 
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FIGURE 8-11: EXTERNAL POWER-ON 
RESET CIRCUIT (FOR SLOW 
Voo POWER-UP) 

Voo Voo 

Note: 

D R 
R1 

~~-+-~~~VV--i ~ 

PIC16CXX 

1. External Power-On Reset circuit is required 
only if Voo power-up rate is too slow. The 
diode D helps discharge the capacitor 
quickly when Voo powers down. 

2. R < 40 kn is recommended to make sure 
that voltage drop across R does not exceed 
0.2V (max leakage current spec on MCLR 
pin is 5 µA). A larger voltage drop will 
degrade VIH level on the MCLR pin. 

3. R1 = 100Q to 1 kn will limit any currentflow
ing into 1iilCCTi from external capacitor C in 
the event of an 1iilCCTi pin breakdown due to 
ESDor EOS. 
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FIGURE 8-12: BROWN-OUT PROTECTION 
CIRCUIT 1 

Voo 

Voo 

10k 

PIC16CXX 

This circuit will activate reset when Voo goes below (Vz 
+ 0.7V) where Vz =Zener voltage. 

FIGURE 8-13: BROWN-OUT PROTECTION 
CIRCUIT2 

Voo 

)01 

Yoo 
R1 ~ 

t--- MCrn 
R2 ~ 

~ 40k PIC16CXX 

-= 

This brown-out circuit is less expensive, although less 
accurate. Transistor 01 turns off when Yoo is below a 
certain level such that: 

R1 
=0.7V VDD• 

R1 + R2 
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8.5 Interrupts 

The PIC16C84 family has up to 4 sources of interrupt: 

• External interrupt RBO/INT pin 

• TMRO overflow interrupt 

• PORTB change interrupts (pins RB7:RB4) 

• EEPROM write complete interrupt 

The interrupt control register (INTCON) records individ
ual interrupt requests in flag bits. It also contains the 
individual and global interrupt enable bits. 

The global interrupt enable bit, GIE (INTCON<7>) 
enables (if set) all un-masked interrupts or disables (if 
cleared) all interrupts. Individual interrupts can be dis
abled through their corresponding enable bits in 
INTCON register. GIE is cleared on reset. 

The •return from interrupr instruction, RETFIE, exits 
interrupt routine as well as sets the GIE bit, which re
enable interrupts. 

The RBO/INT pin interrupt, the RB port change interrupt 
and the TMRO overflow interrupt flags are contained in 
the INTCON register. 

0830081 E-page 2-766 

When an interrupt. is 'responded to; the GIE bit is 
cleared to disable any further interrupt, the return 
address is pushed onto the stack and the PC is loaded 
with 0004h. For external interrupt events, such as the 
RBO/INT pin or PORTS change interrupt, the interrupt 
latency will be three to four instruction cycles. The exact 
latency depends when the interrupt event occurs 
(Figure 8-15). 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 poll
ing the interrupt flag bits. The interrupt flag bit(s) must 
be cleared in software before re-enabling interrupts to 
avoid infinite interrupt requests. 
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FIGURE 8·14: INTERRUPT LOGIC 

TOIF 
TOIE 

INTF 
INTE 

RBIF 
RBIE 

EEIF 
EEIE 

GIE 

FIGURE 8-15: INT PIN INTERRUPT TIMING 

PIC16C84 

m1m1001~:m1m1001~:m1m1001~:m1m1001~:m1m1001~: 
' 

OSC1 

CLKOUT@: : @: : 
INTpin ~ : ,Q) ' ' 

INTF flag : 1 1 : Y~@-:-~~---~:, -ln-te-rru_p_t_L-at-e-ncy-@~:.------~-----~ 

(INTCON<1>): ',--~· -~·------~------~------

GIE bit ~, ----------------~ 
(INTCON<7>) : 

INSTRUCTION FLOW 

PC < PC k PC±l ~ Pc+1 ~ ooo<Jfi 
' 

Instruction { : 
lnst(PC) lnst(PC+1) fetched , 

' 
Inst (0004h) 

Instruction { : 
executed : Inst (PC-1) lnst(PC) Dummy Cycle Dummy Cycle 

Note 1: INTF flag is sampled here (every 01 ). 
2: Interrupt latency = 3-4 Tcy where Tcy = instruction cycle time. 

Latency is the same whether Inst (PC) is a single cycle or a 2-cycle instruction. 
3: CLKOUT is available only in BC oscillator mode. 
4: For minimum width of INT pulse, refer to AC specs. 
5: INTF is enabled to be set anytime during the 04-01 cycles. 
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Inst (0005h) 

Inst (0004h) 
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8.5.1 INT INTERRUPT 

·External interrupt on RBO/INT pin is edge triggered: 
either rising if INTEDG bit (OPTION<6>) is set, or fall
ing, if INTEDG bit is clear. When a valid edge appears 
on the RBO/INT pin, the INTF bit (INTCON<1>) is set. 
This interrupt can be disabled by clearing the INTE con
trol bit (INTCON<4>). The INTF bit mus!' be cleared in 
software via the interrupt service routine before re
enabling this interrupt. The INT interrupt can wake the 
processor from SLEEP only if the INTE bit was set prior 
to going into SLEEP. The status of the GIE bit decides 
whether the processor branches to the interrupt vector. 
following wake-up. Section 8.8 details SLEEP mode. 

8.5.2 TMRO INTERRUPT 

An overflow (FFh --+ OOh) in TMRO will set the TOIF 
(INTCON<2>) bit. The interrupt can be enabled/dis
abled by setting/clearing TOIE (INTCON<5>) bit 
(Section 6.0). 

8.5.3 PORT RB INTERRUPT 

An input change on PbRTB<7:4> sets the RBIF 
(INTCON<O>) bit. The interrupt can be enabled/dis
abled by setting/clearing the RBIE (INTCON<3>) bit 
(Section 5.2). 

8.6 Context Saving During Interrupts 

During an interrupt, only the return PC value is saved 
on the stack. Typically, users wish to save key register 
values during an interrupt (e.g. W register and STATUS 
register). This is implemented in software. 

Example 8-1 stores and restores the STATUS and W 
register's values. The register, W_TEMP, must be 
defined in both banks and must be defined at the same 
offset from the bank base address Q.e., if W_ TEMP is 
defined at Ox20 in bank 0, ii must also be defined at 
OxAO in bank 1). User register, STATUS_ TEMP, must 
be defined in bank 0. 

Example 8-1 does the following: 

a) Stores the W register. 

b) Stores the STATUS register in bank 0. 

c) Executes the Interrupt Service Routine code. 

d) Restores the STATUS (and bank select bit) reg
ister. 

e) Restores the W register. 

EXAMPLE 8-1: SAVING STATUS AND W REGISTERS IN RAM 
MOVWF W_TEMP 
SWAPF STATUS, W 
BCF STATUS, RPO 
MOVWF STATUS_TEMP 

SWAPF STATUS_TEMP, W 

MOVWF STATUS 
SWAPF W_TEMP, F 
SWAPF W_TEMP, W 
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Copy W to.TEMP register, could be bank one or zero 
Swap status· to be saved into W 
Change to bank zero, regardless of current bank 
Save status to bank zero STATUS_TEMP register 

Interrupt Service Routine 

Swap STATUS_TEMP register into W 
(sets bank to original state) 

Move W into STATUS register 
Swap W_TEMP 
Swap W_TEMP into W 
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8.7 Watchdog Timer (WDTl 

The watchdog timer is realized as a free running on
chip RC oscillator which does not require any external 
components. This RC oscillator is separate from the 
RC oscillator of the OSC1/CLKIN pin. That means that 
the WDT will run even if the clock on the OSC1 /CLKIN 
and OSC2/CLKOUT pins of the device has been 
stopped, for example, by execution of a SLEEP instruc
tion. During normal operation a WDT time-out gener
ates a device RESET. If the device is in SLEEP mode, 
a WDTtime-out causes the device to wake-up and con° 
tinue with normal operation. The WDT can be perma
nently disabled by programming configuration fuse 
WDTE as a 'O' (Section 8.1). 

8.7.1 WDT 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 

PIC16C84 

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 
2.3 seconds can be realized. 

The CLRWDT and SLEEP instructions clear the WDT 
and the postscaler (if assigned to the WDT) and pre
vent it from timing out and generating a device RESET 
condition. 

The TO bit in the STATUS register will be cleared upon 
a WDT time-out. 

8.7.2 WDT PROGRAMMING CONSIDERATIONS 

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

FIGURE 8-16: WATCHDOG TIMER BLOCK DIAGRAM 

From TMRO Clock Source 
(Figure 6-6) 

WDTTimer 

WDT 
Enable Bit 

PSA 

Note: PSA and PS2:PSO are bits in the OPTION register. 

Postscaler 

8 

8 - to-1 MUX PS2:PSO 

To TMRO (Figure 6-6) 

MUX PSA 

WT 
Time-out 

TABLE 8-7: SUMMARY OF REGISTERS ASSOCIATED WITH THE WATCHDOG TIMER 

Address Name 

2007h Config. bits 

81h OPTION 

Note 1 : The shaded cells are not used by the Watchdog Timer. 
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8.8 Power-Down Mode CSLEEP) 

The Power-Down mode is entered by executing the 
SLEEP instruction. 

If enabled, th~ Watchdog limer will be cleared but 
keeps running, 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 instruction was executed (driving 
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 1/0 pin, and disable 
external clocks. 110 pins that are hi-impedance inputs 
should be pulled high or low externally to avoid switch
ing currents caused by floating inputs. The TOCK! input 
should also be at Voo or Vss. 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 the 1VICOi pin low. 

8.8.1 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. WOT time-out reset (if WOT was enabled). 
3. Interrupt from RBO/INT pin, RB port change, or 

data EEPROM write complete. 

Peripherals cannot generate interrupts during SLEEP, 
since no on-chip Q clocks are present. 

The first event (fJCCTi reset) will cause a device reset. 
The two latter events are considered a continuation of 
program execution. The TO and PD bits can be used to 
determine the cause of device reset. The PD bit, which 
is set on power-up, is cleared when SLEEP is invoked. 
The TO bit is cleared if a WOT time-out occurred (and 
caused wake-up). 

While 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 
occurs regardless of the state of the GIE bit. If the GIE 
bit is clear (disabled}, the device continues execution at 
the instruction after the SLEEP instruction. If the GI E bit 
is set (enabled), the device executes the instruction 
after the SLEEP instruction and then branches to the 
interrupt address (0004h). In cases where the execu
tion 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 
sl~ep, regardless of the source of wake-up. 

FIGURE 8-17: WAKE-UP FROM SLEEPTHROUGH INTERRUPT 

:ru1m1001~:ru1m1001~:ru1m1001~:ru1m1001~:ru1m1m1~: 

OSC1 :~· :f:, : ' 
' ' ' ·tosi(2)· ' ' 

CLKOUT(4) , ~ : ' • ' 
I I 11 t I I 

I I I I I I I 

INT pin : : :: : : : 

INTF flag : : : ( : : Interrupt Latency (2) : 
(INTCON<1 >) · 
GIEbtt ~·------~------_,,;:---~--~------~--, 
(INTCON<7>), •Processor• ~---

INSTRUCTION :FLOW : in SLEEP; 

PC 

Inst (PC+1) Inst (PC+2) l~f~hi:ion~ : Inst (PC) =SLEEP 

Instruction ' Inst (PC-l) 
executed : SLEEP Inst (PC+1) Dummy Cycle 

Note 1: XT or LP oscillator mode assumed. 
2: Tosi = 1024 Tosc (drawing not to scale). This delay will not be there for RC <;>sc mode. . . . . . 
3: When GIE is set, processor jumps to interrupt routine after wake-up .. If GIE 1s clear, execution will continue 1n line. 
4: CLKOUT is not available in these osc modes, but shown here for t1m1ng reference. 
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8.9 Code Protection 

The code in the program memory and data EEPROM 
memory can be protected by programming the code 
protect bit. 

Refer to Figure 8· 1 for the code protection bit assign
ment for the PIC16C84. 

8.10 ID Locations 

Four memory locations (2000h - 2003h) are designated 
as ID locations to store checksum or other code identi
fication numbers. These locations are not accessible 
during nonnal execution but are readable and writable 
only during program/Verify. Only the 4 least significant 
bits of ID location are usable. 

© 1995 Microchip Technology Inc. 
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8.11 In-Circuit Serial Programming 

PIC16C84 microcontrollers can be serially pro
grammed while in the end application circuit. This is 
simply done with two lines for clock and data, and three 
other lines for power, ground, and the programming 
voltage. Customers can manufacture boards with 
unprogrammed devices, and then program the micro
controller just before shipping the product, allowing the 
most recent finnware or custom firmware to be pro
grammed. 

The device is placed into a program/verify mode by 
holding the RB6 and RB? pins low, while raising the 
MCLR (VPP) pin from VIL to V1H (see programming 
specification). RB6 becomes the programming clock 
and RB? becomes the programming data. Both RB6 
and RB? are Schmitt Trigger inputs in this mode. 

After reset, to place the device into programming/verify 
mode, the program counter (PC) points to location OOh. 
A6-bit command is then supplied to the device, 14-bits 
of program data is then supplied to or from the device, 
using load or a read-type instructions. For complete 
details of serial programming, please refer to the 
PIC16CXX Programming Specifications (Literature 
#DS30189). 

FIGURE 8-18: TYPICAL IN-SYSTEM SERIAL 
PROGRAMMING 
CONNECTION 

External 
Connector 
Signals 

To Normal 
Connections 

PIC16CXX 

1------+----1 Voo 

1--~-------< Vss 

VPP>-------1----< ~ 

CLK l----'-----1-----1 RBS 

Data 110 1--~--+---1---.-... RB7 

To Normal 
Connections 
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NOTES: 
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9.0 INSTRUCTION SET SUMMARY 
Each PIC16C84 instruction is a 14-bit word divided into 
an OPCODE which specifies the instruction type and 
one or more operands which further specijy the opera
tion of the instruction. The PIC16C84 instruction set 
summary in Table 9-2 lists byte-oriented, bit-oriented, 
and literal and control operations. Table 9-1 shows the 
opcode field descriptions. 

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 used by the instruction. 

The destination designator specifies where the result of 
the operation is to be placed. If 'd' is 0, the result is 
placed in the W register. If 'd' is 1, the result is placed in 
the file register specified by the instruction. 

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

Literal and control operations: 'k' represents an eight 
or eleven bit constant or literal value. 

TABLE 9-1: 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 (= 0 or 1) 
The assembler will generate code with x = 0. It is 
the recommended form of use for compatibility with 
all Microchip 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 Program Counter 

PCLATH Program Counter High Latch 

GIE Global Interrupt Enable bit 

WDT Watchdog limer Counter 

TO lime-out bit 

PD Power-down bit 

dest Destination (Either the W register or the specified 
register file location) 

[ J Options 

( ) Contents 

-t Assigned to 

<> Register bit field 

E In the set of 

italics User defined term (font is courier) 

© 1995 Microchip Technology Inc. 
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The instruction set is highly orthogonal and is grouped 
into three basic categories: 

• Byte-oriented 

• Bit-oriented 

• Literal and control 

All instructions are executed within a single instruction 
cycle, unless a conditional test is true or the program 
counter is changed as a result of the instruction. The 
execution takes two instruction cycles with the second 
cycle executed as a NOP. Each cycle consists of four 
oscillator periods. Thus, for an oscillator frequency of 4 
MHz, the normal instruction execution time is 1 µsec . 
The instruction execution time is 2 µsec for program 
branches. 

Table 9-2 lists the instructions recognized by 
Microchip's assembler (MPASM). 

Figure 9-1 shows the three general formats of instruc
tions. 

All examples use the following format to represent a 
hexadecimal number: 

Oxhh 

where h signifies a hexadecimal digit 

FIGURE 9-1: GENERAL FORMAT FOR 
INSTRUCTIONS 

Byte-oriented file register operations 
13 8 7 6 0 

I OPCODE I d I I (FILE#) I 
d = 0 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 f (FILE#) I 

b = 3-bit bit address 
f = 7-bit file register address 

Literal and control operations 
13 8 7 0 

I OPCODE I k (literal) I 

k = 8-blt immediate value 
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TABLE 9-2: INSTRUCTION SET SUMMARY 

Mnemonic, Description Cycles 14-Blt Opcode Status Notes 
Operands msb lsb Affected 

ADDWF f,d Add Wand! 1 00 0111 dfff ff ff C,DC,Z 1,2 
ANDWF f,d ANDWandf 1 00 0101 dfff ff ff z 1,2 
CLRF f Clearf 1 00 0001 lf ff ff ff z 2 
CLRW - ClearW 1 00 0001 Oxxx xxxx z 
COMF f,d Complement f 1 00 1001 dfff ffff z 1,2 
DECF f,d Decrementf 1 00 0011 dfff ff ff z 1,2 
DECFSZ f,d Decrement f, Skip H O 1(2) 00 1011 dff f ffff None 1,2,3 
INCF f,d Increment f 1 00 1010 dfff ff ff z 1,2 
INCFSZ f,d Increment f, Skip H O 1(2) 00 1111 dfff ffff None 1,2,3 
IORWF f,d Inclusive OR W and f 1 00 0100 dfff ff ff z 1,2 
MOVF f,d Move! 1 00 1000 dfff ff ff z 1,2 
MOVWF f Move Wtof 1 00 0000 lfff ffff None 
NOP - No Operation 1 00 0000 OxxO 0000 None 
RLF f,d Rotate left f through carry 1 00 1101 dfff ff ff c 1,2 
RRF f,d Rotate right f through carry 1 00 1100 dfff ffff c 1,2 
SUBWF f,d Subtract W from f 1 00 0010 dfff ffff C,DC,Z 1,2 
SWAPF f,d Swap nibbles in I 1 00 1110 dfff ffff None 1,2 
XORWF f,d Exclusive OR Wand f 1 00 0110 dfff ffff z 1,2 

BIT-ORIENTED FILE REGISTER OPERATIONS 

BCF f,b Bit Clear! 1 01 OObb bf ff ff ff None 1,2 
BSF f, b Bit Sett 1 01 Olbb bf ff ffff None 1,2 
BTFSC f, b Bit Test f, Skip H Clear 1 (2) 01 lObb bf ff ffff None 3 
BTFSS f,b Bit Test f, Skip H Set 1 (2) 01 llbb bf ff ffff None 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 m,m 
GOTO k Go to address 2 10 lkkk kkkk kkkk None 
IORLW k Inclusive OR literal to W 1 11 1000 kkkk kkkk z 
MOVLW k Move llteral to W 1 11 OOxx kkkk kkkk None 
RETFIE - Return from interrupt 2 00 0000 0000 1001 None 
RETLW k Return with llteral in W 2 11 Olxx kkkk kkkk None 
RETURN - Return from subroutine 2 00 0000 0000 1000 None 
SLEEP - Go into standby mode 1 00 0000 0110 0011 m.m 
SUBLW k Subtract W from llteral 1 11 llOx kkkk kkkk C,DC,Z 
XORLW k Exclusive OR literal to W 1 11 1010 kkkk kkkk z 

.. 
Note 1: When an 1/0 register 1s mod1f1ed as a function of itself ( i.e., 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 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 
H assigned to the TMRO. 

3: If Program Counter (PC) is modHied or a conditional test is true, the instruction requires two cycles. The sec
ond cycle is executed as a NOP. 
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9.1 Instruction Descriptions 

ADDLW 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

ADDWF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

Add Literal to W 

[ label] ADDLW k 

O<:;;k<:;;255 

(W) + k-HW) 

C,DC,Z 

I 11 I lllx kkkk kkkk 

The contents of the W register are 
added to the eight bit literal 'k' and the 
result is placed back in the W register. 

ADDLW Oxl5 

Before Instruction 
W = Ox10 

After Instruction 
W = Ox25 

AddW andf 

[label] ADDWF f,d 

0SfS127 
d E (0,1] 

(W) + (f) --; (dest) 

C,DC,Z 

1 oo I 0111 I dfff ff ff 

Add the contents of the W register to 
register 'f'. If 'd' is 0 the result is 
stored in the W register. If 'd' is 1 the 
result is stored back in register 'f'. 

ADDWF FSR, 0 

Before Instruction 
W = Ox17 
FSA= OxC2 

After Instruction 
W = Ox09 
FSA= OxC2 
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ANDLW 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

ANDWF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

PIC16C84 

And Literal to W 

[ label] ANDLW k 

0SkS255 

(W) .AND. (k) --; (W) 

z 
11 I 1001 I kkkk kkkk 

The contents of W register is AND' ed 
with the eight bit ltteral 'k'. The result 
is placed back in the W register. 

ANDLW Ox5F 

Before Instruction 
W OxA3 

After Instruction 
W = Ox03 

AND Wtof 

[label] ANDWF f,d 

0SfS127 
d E (0,1] 

(W) .AND. (f) --; (dest) 

z 
oo I 0101 I dfff ffff 

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 'f'. 

ANDWF FSR, 1 

Before Instruction 
W = Ox17 
FSA= OxC2 

After Instruction 
W Ox17 
FSA= Ox02 
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BCF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

BSF 

Syntax: 

BitClearf 

[label] BCF f,b 

0SfS127 
0SbS7 

0-+ (l<b>) 

None 

01 I OObb I bfff 

Bit 'b' in register 1' Is cleared. 

BCF FLAG_REG, 7 

Before Instruction 
FLAG_REG = OxC7 

After Instruction 
FLAG_REG = Ox47 

Bit Set f 

[ /abe/] BSF f,b 

Oj:>erands: Os f S 127 
0SbS:7 

Operation: 1 -+ (f<b>) 

Status Affected: None 

ff ff 

Encoding: ~-o-1-~j-0_1_b_b~I -b-ff-f-~f-f-ff~ 

Description: 

Words: 

Cycles: 

Example 

Bit 'b' in register 1' is set. 

BSF FLAG_REG, 7 

Before Instruction 
FLAG_REG= OxOA 

After Instruction 
FLAG_REG= OxBA 
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BTFSC Bit Test f, Skip if Clear 

Syntax: [ /abe/] BTFSC f ,b 

Operands: Os f s 127 
0SbS7 

Operation: skip if (f<b>) = O 

Status Affected: None 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

01 i 1obb I bfff ff ff 

If bit 'b' in reg Isler 'f is O then the next 
Instruction is skipped. 
If bit 'b' is 0 then the next instruction 
fetched during the current instruction 
execution is discarded, and a NOP is 
executed Instead, making this a 2 cycle 
instruction. 

1 

1(2) 

HERE BTFSC FLAG,l 
FALSE GOTO PROCESS_CODE 
TRUE 

Before Instruction 
PC = address HERE 

After Instruction 
tt FLAG<1>=0, 
PC=address TRUE 
if FLAG<1>=1, 
PC=address FALSE 
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BTFSS 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

CALL 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

Bit Test f, skip if Set 

[label] BTFSS f,b 

0sfs127 
0Sb<7 

skip if (kb>) = 1 

None 

01 I llbb I bfff fff f 

If bit 'b' in register 1' is 1 then the next 
instruction is skipped. 
If bit 'b' is 1, then the next instruction 
fetched during the current instruction 
execution, is discarded and a NOP is 
executed instead, making this a 2 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 
if FLAG<1>=1, 
PC=address 

Subroutine Call 

[ label] CALL k 

0SkS2047 

(PC)+ 1 ~ TOS, 

FALSE 

TRUE 

k ~ PC<10:0>, 
(PCLATH<4:3>) ~ PC<12:11> 

None 

10 I Okkk I kkkk I kkkk 

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 upper bits of 
the PC are loaded from PCLATH. 
CALL is a two cycle instruction. 

2 

HERE CALL THERE 

Before Instruction 
PC = Address HERE 

After Instruction 
PC = Address THERE 
TOS= Address HERE 
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CLRF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

CLRW 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

PIC16C84 

Clearf 

[label] CLRF 

0SfS127 

OOh ~ (f) 
1~Z 

z 
00 0001 lfff ff ff 

The contents of register 1' are cleared 
and the Z bit is set. 

CLRF FLAG_REG 

Before Instruction 
FLAG_REG Ox5A 

After Instruction 
FLAG_REG OxOO 
z 1 

Clear W Register 

[ label] CLRW 

None 

OOh ~ (W) 
1~Z 

z 
00 0001 Oxxx xxxx 

W register is cleared. Zero bit (Z) is 
set. 

CLRW 

Before Instruction 
W = Ox5A 

After Instruction 
w oxoo 
z 1 
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CLRWDT 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

COMF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

Clear Watchdog Timer 

[label] CLRWDT 

None 

OOh ~WOT 
O ~ WOT prescaler, 
1 ~TO 
1 ~PD 

TO, l5l5 
1 oo 0000 0110 0100 

The CLRWDT instruction resets the 
watchdog timer. It also resets the 
prescaler of the WDT. Status bits TO 
and PlJ are set. 

CLRWDT 

Before Instruction 
WDT counter ? 

After Instruction 
WDT counter oxoo 
WDT prescale = O 
TO 
PD 

Complement f 

(label] COMF f,d 

O<:::f<:::127 
d E (0,1] 

(I) ~ (dest) 

z 
00 I 1001 dfff ff ff 

The contents of register 'f' are comple-
mented. If 'd' is 0 the result is stored in 
W. If 'd' is 1 the result is stored back in 
register 'f'. 

COMF REGl,O 

Before Instruction 
REG1 

After Instruction 
REG1 
w 

Ox13 

Ox13 
Ox EC 
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DECF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

DECFSZ 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

Decrement f 

[label] DECF f,d 

O<::;f<::;127 
d E (0,1] 

(f) - 1 ~ (dest) 

z 
oo I 0011 dfff ffff 

DECF CNT, 1 

Before Instruction 
CNT 
z 

After Instruction 
CNT 
z 

Ox01 
0 

oxoo 
1 

Decrement f, Skip if O 

[label] DECFSZ f,d 

O<::;f<:::127 
d E (0,1] 

(f) - 1 ~ (des!); skip if result = 0 

None 

oo I. 1011 I dfff I ff ff 

The contents of register 'f' are decre
mented. If 'd' is 0 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 

Before Instruction 
PC addressHERE 

After Instruction 
CNT = CNT-t 
ijCNT = 0, 
PC address CONTINUE 
if CNT;,. 0, 
PC address HERE+ 1 
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GOTO Go to address 

Syntax: [ label] GOTO k 

Operands: Os ks 2047 

Operation: k-+ PC<10:0> 
(PCLATH<4:3>)---+ PC<12:11> 

Status Affected: None 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

INCF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

10 I lkkk I kkkk I kkkk 

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. 

2 

GOTO THERE 

After Instruction 
PC = Address THERE 

lncrementf 

[label] INCF f,d 

0SfS127 
d E (0,1] 

(f) + 1 ---+ (dest) 

z 
00 11010 dfff ffff 

The contents of register ~· 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'. 

INCF CNT, 1 

Before Instruction 
CNT 
z 

After Instruction 
CNT 
z 

Ox FF 
0 

OxOO 
1 
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INCFSZ Increment f, Skip if 0 

Syntax: [label] INCFSZ f,d 

Operands: 0 sf S 127 
d E (0,1] 

Operation: (f) + 1 ---+ (dest), skip if result= O 

Status Affected: None 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

IORLW 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

oo I 1111 I dfff I ffff 

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, 
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 

CNT, 1 
LOOP 

PC addressHERE 
After Instruction 

CNT = CNT + 1 
HCNT= 0, 
PC addresscoNTINUE 
HCNT;t 0, 
PC addressHERE +1 

Inclusive OR Literal to W 

[label] IORLW k 

0SkS255 

(W) .OR. (k)---+ (W) 

z 
11 11000 I kkkk kkkk 

The contents of the W register are 
OR'ed to the eight bit llteral 'k'. The 
result Is placed in the W register. 

IORLW Ox35 

Before Instruction 
W = Ox9A 

After Instruction 
W = OxBF 
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IORWF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

MOVLW 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

Inclusive OR W to f 

[label] IORWF f,d 

0SfS127 
de [0,1] 

(W) .OR. (f) --+ (W) 

z 
oo I 0100 I dfff ffff 

Inclusive OR the W register to register 
'f'. If 'd' is 0 the result is placed in the 
W register. If 'd' is 1 the result is 
placed back in register 'f. 

1 

IORWF RESULT, 0 

Before Instruction 
RESULT = Ox13 
W Ox91 

After Instruction 
RESULT = Ox13 
W Ox93 

Move literal to W 

[ label] MOVLW k 

0SkS255 

k--+ (W) 

None 

11 ooxx I kkkk I kkkk 

The eight bit llteral 'k' Is loaded Into W 
register. The don't cares will assem
ble as O's. 

MOVLW OxSA 

After Instruction 
W = OxSA 
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MOVF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

MOVWF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

Movef 

[ labBI] MOVF f,d 

0SfS127 
de [0,1) 

(f) --+ (dest) 

z 
I 00 I 1000 dfff ff ff 

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 itseW. 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 

MoveWtof 

[label] MOVWF 

0SfS127 

(W)--+ (f) 

None 

00 0000 lfff ff ff 

Move data from W register to register 
'I'. 

1 

1 

MOVWF OPTION 

Before Instruction 
OPTION 
w 

After Instruction 

Ox FF 
Ox4F 

OPTION Ox4F 
W Ox4F 
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NOP No Operation 

Syntax: [label] NOP 

Operands: None 

Operation: No operation 

Status Affected: None 

Encoding: 00 I 0000 OxxO 0000 

Description: No operation. 

Words: 

Cycles: 

Example NOP 

© 1995 Microchip Technology Inc. 
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RETFIE Return from Interrupt 

Syntax: [label] RETFIE 

Operands: None 

Operation: TOS --t PC, 
1 --t GIE 

Status Affected: None 

Encoding: 00 0000 0000 1001 

Description: The Stack is popped and Top of Stack 
(TOS) is loaded into the PC. Interrupts 
are enabled by setting the Global 
Interrupt Enable This is a two cycle 
instruction. 

Words: 

Cycles: 2 

Example RETFIE 

After Interrupt 
PC = TOS 
GIE = 1 

RETLW Return Literal to W 

Syntax: [ /abe/] RETLW k 

Operands: O ~ k ~ 255 

Operation: k --t W; 
TOS --t (PC) 

Status Affected: None 

Encoding: 11 I Olxx kkkk kkkk 

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

Words: 

Cycles: 

Example 

2 

CALL TABLE ; W contains table 
; offset value 
;W now has table value 

TABLE ADDWF PC ;W = offset 
REl'LW kl ; Begin table 
REl'LW k2 

REl'LW kn ; End of table 

Before Instruction 
w = Ox07 

After Instruction 
W = value of k7 
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RETURN 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

RLF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

Return from Subroutine 

[label] RETURN 

None 

TOS~(PC) 

None 

oo I 0000 0000 looo 

Return from subroutine. The stack is 
popped and the Top of Stack (TOS) is 
loaded Into the program counter. This 
is a two cycle instruction. 

1 

2 

RETURN 

After Interrupt 
PC = TOS 

R~tate Left f through Carry 

[label] RLF f,d 

Osfs 127 
d E (0,1] 

See description below 

c 
I oo I 1101 I dfff ffff 

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 regis
ter 'f'. 

r={£J=l register I 1-:i 

RLF REGl,0 

Before Instruction 
REG1 1110 0110 
c 0 

After Instruction 
REG1 1110 0110 
w 1100 1100 
c l 
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RRF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

SLEEP 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

Rotate Right f through Carry 

[label] RRF f,d 

0SfS127 
d E (0,1] 

See description below 

c 
I oo 11100 1 dfff ffff 

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 T. 

r==0:J register I 

RRF REGl,O 

Before Instruction 
REG1 1110 
c 0 

After Instruction 
REG1 1110 
w 0111 
c l 

Go Into Standby Mode 

[ label] SLEEP 

None 

OOh~WDT, 
O ~ WOT prescaler 
1 ~m. 
0 ~ J5'[) 

TO, J5'D 

1-, 

0110 

0110 
0011 

1 oo I 0000 0110 0011 

The power down status bit (PO) 
is cleared. Time-out status bit 
(TO) is set. Watchdog Timer and 
its prescaler are cleared. 
Th.a processor is put into SLEEP 
mode with the oscillator 
stopped. 

1 

SLEEP 
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SUBLW 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 1: 

Example 2: 

Example3: 

Subtract W from Literal 

[label] SUBLW k 

0SkS255 

k-(W)~(W) 

C,DC,Z 

I 11 I llOx I kkkk I kkkk I 
The W register is subtracted (2's 
complement method) from the 
eight bit literal 'k'. The result is 
placed in the W register. 

1 

SUBLW Ox02 

Before Instruction 

w = 1 
c =? 

After Instruction 

w =1 
C = 1; result is positive 

Before Instruction 

w =2 
c =? 

After Instruction 

w =0 
C = 1 ; result is zero 

Before Instruction 

w =3 
c =? 

After Instruction 

W =FF 
C = O; result is negative 
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SUBWF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 1: 

Example2: 

Example 3: 

PIC16C84 

Subtract W from f 

[label] SUBWF f,d 

0SfS127 
d E (Q,1] 

(f)- (W) ~ (dest) 

C,DC,Z 

I oo I 0010 I dfff I ffff I 
Subtract (2's complement math· 
odize W register from register 'f'. 
If 'd' is 0 the result is stored in 
the W register. If 'd' is 1 the 
result is stored back in register 
·1·. 

SUBWF REGl, l 

Before Instruction 

REG1 = 3 
w =2 
c =? 

After Instruction 

REG1 = 1 
w =2 
C = 1; result is positive 

Before Instruction 

REG1 = 2 
w =2 
c =? 

After Instruction 

REG1 = 0 
w =2 
C = 1; result Is zero 

Before Instruction 

REG1 = 1 
w =2 
c =? 

After Instruction 

REG1 =FF 
w =2 
C = O; result is negative 
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SWAPF Swapf 

Syntax: [ label SWAPF f,d 

I 
Operands: Os f s 127 

de (0,1] 

Operation: 1<3:0>-+ d<7:4>, 
1<7:4> -+ d<3:0> 

Status Affected: None 
Encoding: .-I -00--.-l -1_11_0--rl-d_f_f_f~-ff_f_f_, 

Description: The upper and lower nibbles of 
register 'f' are exchanged. If 'd' is 
O the result is placed in W register. 
If 'd' is 1 the resu It is placed in reg
ister 'f'. 

Words: 

Cycles: 

Example SWAP F REG, 0 

Before Instruction 

REG1 

After Instruction 

OxA5 

REG1 OxA5 
W Ox5A 
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XORLW 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

Exclusive OR Literal to W 

[ label] XORLW k 

0SkS255 

(IN) .XOR. k -+ (W) 

z 
I 11 I 1010 I kkkk I kkkk I 
The contents of the W register 
are XOR'ed with the eight bit lit
eral 'k'. The result is placed in 
the W register. 

1 

XORLW OxAF 

Before Instruction 

W = OxB5 

After Instruction 

W = Ox1A 

XORWF Exclusive OR W to f 

Syntax: [label] XORWF f,d 

Operands: o sf s 127 
de (0,1] 

Operation: (IN) .XOR. (f)-+ (dest) 

Status Affected: Z 

Encoding: 

Description: 

Words: 

Cycles: 

Example 

oo I 0110 I dfff I ffff 

Exclusive OR the contents of the 
W register with register 'f'. If 'd' is 
O the result is stored in the W reg
ister. 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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10.0 DEVELOPMENT SUPPORT 

10.1 DevelopmentTools 

The PIC16/17 microcontrollers are supported with a full 
range of hardware and software development tools: 

• PICMASTER® Real-Time In-Circuit Emulator 

• PRO MATE'"M Universal Programmer 

• PICSTART® Low-Cost Prototype Programmer 

• PICDEM-1 Low-Cost Demonstration Board 

• PICDEM-2 Low-Cost Demonstration Board 

• MPASM Assembler 

• MPSIM Software Simulator 

• C Compiler (MP-C} 

• Fuzzy logic development system 
(fuzzyTECH®-MP} 

10.2 PICMASTER: High Performance 
Universal In-Circuit Emulator 

The PICMASTER Universal In-Circuit Emulator is 
intended to provide the product development engineer 
with a complete microcontroller design tool set for all 
microcontrollers in the PIC16C5X, PIC16CXX and 
PIC17CXX families. A PICMASTER System configura
tion is shown in Figure 10-1. 

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 386 (and better} machines in the Microsoft 
Windows™ 3.x environment. Thus, allowing the opera
tor access to a wide range of supporting software and 
accessories. 

PIC16C84 

The PICMASTER has been designed as a real-time 
emulation system with advanced features that are gen
erally 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 Universal Emulator System consists 
primarily of four major components: 

• Host-Interlace Card 

• Emulator Control Pod 

• Target-Specific Emulator Probe 

• PC-Host Emulation Control Software 

The Windows 3.x operating system allows the devel
oper to take full advantage of the many powerful fea
tures and functions of the PICMASTER system. 

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

PC-Host Emulation Control software takes full advan
tage of Dynamic Data Exchange (DOE}, a feature of 
Windows 3.x. 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 be run simultaneously from the same PC mak
ing development of multi-microcontroller systems 
possible (e.g., a system containing a PIC16CXX pro
cessor and a PIC17CXX processor}. 

The PICMASTER probes specifications are shown in 
Table 10-1. 

FIGURE 10-1: PICMASTER SYSTEM CONFIGURATION 

Oc::::::J 

Common Interface Card 
PC Compatible Computer 

© 1995 Microchip Technology Inc. 

n- ine 
Power Supply 

(Optional) 

Power Switch 
Power Connector 

PC-Interface 

PICMASTER Emula1or Pod 

( 90-250VAC 

Logic Probes 
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TABLE 10-1: PICMASTER PROBE SPECIFICATION 

PROBE 

PICMASTER Probe Devices Supported Maximum Operating 
Frequency Voltage 

PROBE-166 PIC16C71 10 MHz 4.5V-5.5V 

PROBE-16C PIC16C84 10 MHz 4.5V-5.5V 

PROBE-160 PIC16C54, PIC16C54A, PIC16CR54, PIC16C55, 20 MHz 4.5V-5.5V 
PIC16C56, PIC16C57, PIC16CR57A, PIC16C58A, and 
PIC16CR58A 

PROBE-16E PIC16C64 10MHz 4.5V-5.5V 

PROBE-16F PIC16C65*, PIC16C73 and PIC16C74 10MHz 4.5V-5.5V 

PROBE-16G PIC16C61 10MHz 4.5V-5.5V 

PROBE-16H PIC16C620, PIC16C621 and PIC16C622 10 MHz 4.5V-5.5V 

PROBE-17A PIC17C42 16 MHz 4.5V-5.5V 

* PROBE-16F indirectly supports the PIC16C65. 
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10.3 PRO MATE: Universal Programmer 

The PRO MATE Universal Programmer is a full-fea
tured 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 
VDD min and VDD 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 bits in this 
mode. 

In PC-hosted mode, the PRO MATE connects to the PC 
via one of the COM (RS-232) ports. 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 
selection of VDD min, VDD 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 and blank check can be 
issued from the screen. Additionally, serial program
ming support is possible where each part is pro
grammed with a different serial number, sequential or 
random. 

The PRO MATE has a modular "programming socket 
module". Different socket modules are required for dif
ferent processor types and/or package types. 

PRO MATE supports all PIC16C5X, PIC16CXX and 
PIC17CXX processors. 

10.4 PICSTART Low-Cost Development 
~ 

The PICSTART programmer 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. PICSTART is not recommended for pro
duction programming. 

© 1995 Microchip Technology Inc. 
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10.5 PICDEM-1 Low-Cost PIC16/17 
Demonstration Board 

The PICDEM-1 is a simple board which demonstrates 
the capabilities of several of Microchip's microcontrol
lers. The microcontrollers supported are: PIC16C5X 
(PIC16C54 to PIC16C58A), PIC16C61, PIC16C62X, 
PIC16C71, PIC16C84 and PIC17C42. All necessary 
hardware and software is included to run basic demo 
programs. The users can program the sample micro
controllers provided with the PICDEM-1 board, on a 
PRO MATE or PICSTART-16B programmer, and 
easily test firmware. The user can also connect the 
PICDEM-1 board to the PICMASTER emulator and 
download the firmware to the emulator for testing. 
Additional prototype area is available for the user to 
build some additional hardware and connect it to the 
microcontroller socket(s). Some of the features include 
an RS-232 interface, a potentiometer for simulated 
analog input, push-button switches and eight LEDs 
connected to PORTB. 

10.6 PICDEM-2 Low-Cost PIC16CXX 
Demonstration Board 

The PICDEM-2 is a simple demonstration board that 
supports the PIC16C64, PIC16C65, PIC16C73 and 
PIC16C74 microcontrollers. All the necessary hard
ware and software is included to run the basic 
demonstration programs. The user can program 
the sample microcontrollers provided with the PIC
DEM-2 board, on a PRO MATE programmer or PIC
START-16C, and easily test firmware. The 
PICMASTER emulator may also be used with the PIC
DEM-2 board to test firmware. Additional prototype 
area has been provided to the user for adding addi
tional hardware and connecting it to the microcontroller 
socket(s). So.me of the features include a RS-232 inter
face, push-button switches, a potentiometer for simu
lated analog input, a Serial EEPROM to demonstrate 
usage of the 12C bus and separate headers for connec
tion to an LCD module and a keypad. 
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10.7 Assembler (MPASM) 

The MPASM Cross Assembler is a PC-hosted symbolic 
assembler. It supports all microcontroller series includ
ing the PIC16C5X, PIC16CXX, and PIC17CXX fami
lies. 

MPASM offers full 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 Microchip 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 

• Produces all the files (Object, Listing, Symbol, 
and special) required for symbolic debug with 
Microchip's emulator systems. 

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

MPASM provides a full feature directive language rep
resented by four basic classes of directives: 

• Data Directives are those that control the alloca
tion of memory and provide a way to refer to data 
items symbolically, i.e., 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 condition
ally assembled code. 

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

10.8 Software Simulator (MPSIM) 

The MPSIM Software Simulator allows code develop
ment in a PC host environment. It allows the user to 
simulate the PIC16/17 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 

TABLE 10·2: DEVELOPMENT SYSTEM PACKAGES 

Item Name 

radix can be set by the user and the execution can be 
performed in; single step, execute until break, or in a 
trace mode. MPSIM fully supports symbolic debugging 
using MP-C and MPASM. The Software Simulator 
offers the low cost flexibility to develop and debug code 
outside of the laboratory environment making it an 
excellent multi-project software development tool. 

10.9 C Compiler (MP-C) 

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 
(emulator software versions 1.13 and later). 

The MP-C Code Development System is supplied 
directly by Byte Craft Limited of Waterloo, Ontario, Can
ada. If you have any questions, please contact your 
regional Microchip FAE or Microchip technical support 
personnel at (602) 786-7627. 

10.10 Fuzzy Logic Development System 
CfuzzyTECH-MP) 

fuzzyTECH-MP fuzzy logic development tool is avail
able in two versions - a low cost introductory version, 
MP Explorer, for designers to gain a comprehensive 
working knowledge of fuzzy logic system design; and 
a full-featured version, fuzzyTECH-MP Edition, for 
implementing more complex systems. 

Both versions include Microchip's fuzzyLAB™ demon
stration board for hands-on experience with fuzzy logic 
systems implementation. 

10.11 Development Systems 

For convenience, the development tools are packaged 
into comprehensive systems as listed in Table 10-2. 

System Description 

1. PICMASTER System PICMASTER In-Circuit Emulator, PRO MATE Programmer, Assembler, Soft-
ware Simulator, Samples and your choice of Target Probe. 

2. PICSTART System PICSTART Low-Cost Prototype Programmer, Assembler, Software Simulator 
and Samples. 

3. PRO MATE System PRO MATE Universal Programmer, full featured stand-alone or PC-hosted pro-
grammer, Assembler, Simulator 
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11.0 ELECTRICAL CHARACTERISTICS 
Absolute Maximum Ratings t 
Ambient temperature under bias .................................................................................................................. -55 to + 125"C 

Storage temperature ............................................................................................................................... -65°C to+ 150°C 

Voltage on Voo with respect to Vss ............................................................................................................... Oto +7.5V 

Voltage on MCLR with respect to Vss (Note 2) ................................................................................................ Oto +14V 

Voltage on all other pins with respect to Vss ................................................................................... -0.6V to (\Am + 0.6V) 

Total power dissipation (Note 1) ............................................................................................................................ 800 mW 

Maximum current out of Vss pin ............................................................................................................................ 150 mA 

Maximum current into Voo pin ............................................................................................................................... 100 mA 

Input clamp current, llK (V1 < O or V1 > Voo) ..................................................................................................................... ±20 mA 

Output clamp current, IOK (VO< O or VO >Voo) ............................................................................................................... ±20 mA 

Maximum output current sunk by any 1/0 pin .......................................................................................................... 25 mA 

Maximum output current sourced by any 1/0 pin ..................................................................................................... 20 mA 

Maximum current sunk by PORTA ........................................................................................................................... 80 mA 

Maximum current sourced by PORTA ...................................................................................................................... 50 mA 

Maximum current sunk by PORTS ........................................................................................................................ 150 mA 

Maximum current sourced by PORTS ..........................................................................................•........................ 100 mA 

Note 1: Power dissipation is calculated as follows: Pdis = VDo x {loo - I IOH} +I {(Voo-VOH) x IOH} + I(Vol x IOL) 

Note 2: Voltage spikes below Vss at the MCLR pin, inducing currents greater than 80 mA, 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 11·1: CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS 
AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES) 

OSC 16C84-04 

RC Voo: 4.0V to 6.0V 
loo: 4.5 mA max. at 5.5V 
IPO: 100 µA max. at 4V WOT dis 
Freq: 4 MHz max. 

XT Voo: 4.0V to 6.0V 
loo: 4.5 mA max. at 5.5V 
IPO: 100 µA max. at 4V WOT dis 

>------ Freq: 4 MHz max. 

HS 

LP 

Do not use in LP mode 

Do not use in HS mode 

Voo: 2.0V to 6.0V 
loo: 60 µA max. at 32 kHz, 2.0V 
IPO: 100 µA max. at 4.0V WDT dis 
Freq: 200 kHz max. 

The shaded sections indicate oscillator selections which are tested for functionality, but not for MIN/MAX specifica
tions. It is recommended that the user select the device type that guarantees the specifications required. 
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11.1 DC CHARACTERISTICS: 

DC CHARACTERISTICS 

Characteristic ~m 
Supply Voltage VDD 

RAM Data Retention VDR 
Voltage (Note 1) 

VDD start voltage to VPOR 
guarantee Power-On Reset 

Voo rise rate to guarantee Svoo 
Power-On Reset 

Supply Current (Note 2) loo 

Power Down Current (Note 3) IPD 

PIC16C84-04 (Commercial, Industrial) 
PIC16C84-10 (Commercial, Industrial) 

Standard Operating Conditions (unless otherwise stated) 
Operating temperature 

-40°C -::; TA -::: +85°C for industrial and 
0°C -::; TA-::; +70°C for commercial 

Min Typt Max Units Conditions 

4.0 - 6.0 v XT, RC and LP osc configuration (16C84-04) 
4.5 - 5.5 v HS osc configuration (16C84-10) 

1.5* - - v Device in SLEEP mode 

- Vss - v See section on Power-On Reset for details 

0.05* - - Vims See section on Power-On Reset for details 

RC and XT osc configuration 
- . 7.3 10 mA Fosc = 4 MHz, VDD = 5.5V 

During EEPROM programming 
- 1.8 4.5 mA Fosc = 4 MHz, VOD = 5.5V (Note 4) 
- 35 400 µA LP osc configuration (PIC16C84-04) 

Fosc = 32 kHz, VDD = 4.0V, WOT disabled 
- 5 10 mA HS osc configuration (PIC16C84-10) 

Fosc = 10 MHz, VDD = 5.5V 

- 40 100 µA VDD = 4.0V, WDT enabled, -40°C to +85°C 
- 38 100 µA VDD = 4.0V, WOT disabled, -0°C to +70°C 
- 38 100 µA Voo = 4.0V, WOT disabled, -40°C to +85°C 

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. 
Note 1: This is the limit to which VDD 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 110 pin 
loading and switching rate, oscillator type, internal code execution pattern, and temperature also have an 
impact on current consumption. 
The test conditions for all IDD measurements in active operation mode are: 
OSC1 = external square wave, from rail to rail; all 110 pins tristated, pulled to Vt>o, TOCK! = VDD, 
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 110 pins in hi-impedance state and tied to Vt>D or Vss. 

4: For RC osc configuration, current through Rext is not included. The current through the resistor can be esti
mated by the formula IR = VDD/2Rext (mA) with Rext in kOhm. 
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11.2 DC CHARACTERISTICS: PIC16LC84-04 (Commercial, Industrial) 

Standard Operating Conditions (unless otherwise stated) 
Operating temperature 

DC CHARACTERISTICS -40°C ~TA~ +85°C for industrial and 
0°C ~TA~ +70°C for commercial 

Characteristic Sym Min Typt Max Units Conditions 

Supply Voltage VDD 2.0 - 6.0 v XT, RC, and LP osc configuration 

RAM Data Retention Voltage VDR 1.5. - - v Device in SLEEP mode 
(Note 1) 

VDD start voltage to guarantee VPOR - Vss - v See section on Power-On Reset for details 
Power-On Reset 

VDD rise rate to guarantee SVDD 0.05* - - Vims See section on Power-On Reset for details 
Power-On Reset 

Supply Current (Note 2) IDD RC and XT osc configuration 
- 7.3 10 mA Fosc = 4 MHz, VDD = 5.5V 

During EEPROM programming 
- 1.8 4.5 mA Fosc = 4 MHz, VDD = 5.5V (Note 4) 

LP osc configuration 
- 60 400 µA Fosc = 32 kHz, VDD = 2.0V, WDT disabled 

Power Down Current (Note 3) IPD - 26 100 µA VDD = 2.0V, WDT enabled, -40°C to +85°C 
- 26 100 µA VDD = 2.0V, WDT disabled, 0°Cto +70°C 
- 26 100 µA VDD = 2.0V, WDT disabled, -40°C to +85°C -

These parameters are characterized but not tested. 
t Data in "Typ" column is at SV, 25°C unless otherwise stated. These parameters are for dosi9n guidnnce only 

and are not tested. 
Note 1: This is the limtt to which VDD can be lowered in SLEEP mode without losin9 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 IDD measurements in active operation mode are: 
OSC1=extemal square wave, from rail to rail; all 1/0 pins tristated, pulled to vt:>o, TOCK!= Voo, 
MC[R = 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 wtth the part in SLEEP mode, with all 1/0 pins in hi-impedance state and tied to \A:Jo or Vss. 

4: For RC osc configuration, current through Rext is not included. The current through the resistor can be esti
mated by the formula IR = Voo/2Rext (mA) with Rext in kOhm. 
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11.3 DC CHARACTERISTICS: 

DC CHARACTERISTICS 

Characteristic Sym 

Input Low Voltage 
1/0 ports VIL 

with TTL buffer 
with Schmitt Trigger buffer 

MCLR, RA4/TOCKl,OSC1 
(in RC mode) 
OSC1 (in XT, HS and LP) 
Input High Voltage 
l/Oports VIH 

with TTL buffer 
with Schmitt Trigger buffer 

MCLR, RA4/TOCKI, OSC1 
(RC mode) 
OSC1 (XT, HS and LP) 
1>GATB weak pull-up current IPUAB 
fnput Leakage Current (Notes 2, 3) 
1/0 ports Ill 
M"CCR, RA4/TOCKI 
OSC1/CLKIN 

Output Low Voltage 
l/Oports VOL 
OSC2/CLKOUT 
(RC osc configuration) 
Output High Voltage 
1/0 ports (Note 3) VOH 
OSC2/CLKOUT 
(RC osc configuration) 
Capacitive Loading Specs on 
Output Pins 
OSC2/CLKOUT pin Cosc2 

All 1/0 pins and OSC2 (in RC mode) C10 

PIC16C84-04 (Commercial, Industrial) 
PIC16C84-10 (Commercial, Industrial) 
PIC16LC84-04 (Commercial, Industrial) 

Standard Operating Conditions (unless otherwise stated) 
Operating temperature 

-40°C ~TA~ +85°C for industrial and 
0°C ~TA$ +70°C for commercial 

Operating voltage Voo range as described in DC spec Table 11-1 and 
Table 11-2. 

Min Typ Max Units Conditions 

Vss - 0.8 v 
vss - 0.2Voo v 
Vss - 0.2 Voo v 

Vss - 0.3 Voo v Note1 

0.36 Vo~ - VDD v Voo $ 5.5V (Note 4) 
0.45 Voo - VDD Voo $ 6.0V (Note 4) 
0.85 Voo - Voo v 

0.7 Voo - Voo v Note1 
50* 250* 400* µA Voo = 5V, VPIN = Vss 

- - ±1 µA Vss $ VPIN $ Voo, Pin at hi-impedance 

- - ±5 µA Vss ~ VPIN $ Voo 

- - ±5 µA Vss $ VPIN ~ Voo, XT, HS and LP osc con-
figuration 

- - 0.6 v loL = 8.5 mA, Voo = 4.5V, -40°C to +85°C 
- - 0.6 v loL = 1.6 mA, Voo = 4.5V, -40°C to +85°C 

Voo-0.7: - - v loH = -3.0 mA, Voo = 4.5V, -40°C to +85°C 
Voo -0.7 - - v loH = -1.3 mA, Voo = 4.5V, -40°C to +85°C 

- - 15 pF In XT, HS and LP modes when external 
clock is used to drive OSC1 . 

- - 50 pF 
* 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. 
Note 1: In RC oscillator configuration, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that the 

PIC16C84 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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11.4 DC CHARACTERISTICS: PIC16C84-04 (Commercial, Industrial) 
PIC16C84-10 (Commercial, Industrial) 
PIC16LC84-04 (Commercial, Industrial) 

Standard Operating Conditions (unless otherwise stated) 
Operating temperature 

DC CHARACTERISTICS 
-40°C s; TA s; +85°C for industrial and 

0°C s; TA s; + 70°C for commercial 
Operating voltage Voo range as described in DC spec Table 11-1 and 
Table 11-2 

Characteristic ~m Min "!}let Max Units Conditions 

Data EEPROM Memory 
Endurance ED 100,000 1,000,ooq - E/W 
Voo for read/write VDRW VMIN - 0.2 VDD v VMIN = Minimum operating voltage 
Erase/Write cycle time TDEW - 10 - ms Note1 
Program EEPROM Memory 
Endurance EP 100 - - E/W 
Voo for read VPR VMIN - VDD v VMIN = Minimum operating voltage 
VDD for erase/write VPEW 4.5 - 5.5 v 
Erase/Write cycle time TPEW - 10 -' ms Note1 

t Data 1n "Typ" column 1s at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. 

Note 1: The user should use interrupts or pull the EEIF or WR bits to ensure the write cycle has completed. 
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11.5 Timing Parameter Symbology 

The timing parameter symbols have been created following one of the following formats: 

1. TppS2ppS 

2.TppS 

Frequency 

Lowercase symbols (pp) and their meanings: 

pp 

s 

ck CLKOUT 

io 

me 

1/0 port 

Morn 
Uppercase symbols and their meanings: 

F 
H 

I 

L 

Fall 

High 

Invalid (Hi-impedance) 

Low 

3. Tcc:sr 

4. Ts 

osc 

10 

p 

R 

v 
z 

(12C specifications only) 

(12C specifications only) 

Time 

OSC1 

TOCKI 

Period 

Rise 

Valid 

Hi~impedance 

FIGURE 11-1: PARAMETER MEASUREMENT INFORMATION 

~-----· 

___± L--· 

OSC 1 Measurement Points 

0.7 Voo XTAL (H' h) 
0.8 Voo RC ig 

0.3 Voo XTAL (L ) 
0.15Voo RC ow 

~--~----_·_ 2.0Voo (High) 

___± L 0.2 Voo (Low) 

1/0 Port Measurement Points 

All timings are measured between high and low measurement points as indicated in the figure. 
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11.6 Timing Diagrams and Specifications 

FIGURE 11-2: EXTERNAL CLOCKTIMING 

04 01 02 03 04 01 

OSC1 
'• 
·--- 1-----: 

2 

CLKOUT 

TABLE 11-2: EXTERNAL CLOCKTIMING REQUIREMENTS 

Parameter 
No. Sym Characteristic Min Ty pt Max Units Conditions 

Fosc External CLKIN Frequency DC - 2 MHz XT, RC osc mode, 2V sVoo S6V 
(Note 1) DC - 4 MHz XT, RC osc mode, 3V sVoo s6V 

DC - 10 MHz HS osc mode (PIC16CB4-10) 

DC - 200 kHz LPosc mode 

Osclllator Frequency DC - 2 MHz RC osc mode, 2V s Voo s 6V 
(Note 1) DC 4 MHz RC osc mode, 3V s Voo s 6V 

0.1 - 2 MHz XT osc mode, 2V s Voo s 6V 

0.1 - 4 MHz XT osc mode, 3V s Voo s 6V 

1 10 MHz HS osc mode (PIC16CB4-04) 

DC - 200 kHz LP osc mode (PIC16LCB4-04) 

1 Tosc External CLKIN Period 250 - - ns XT and RC osc mode 
(Note 1) 250 - - ns HS osc mode (PIC16CB4-04) 

100 - - ns HS osc mode (PIC16CB4-10) 

5 - - µs LPosc mode 

Oscillator Period 250 - - ns RCoscmode 
(Note 1) 250 - 10,000 ns XToscmode 

250 - 1,000 ns HS osc mode 

100 - 1,000 ns HS osc mode (PIC16CB4-10) 

5 - - µs LPosc mode 

2 Tcv Instruction Cycle Time (Note 1) 0.4 4/Fosc DC µs 

3 TosL,TosH Clock in (OSC1) Low or High Time so· - - ns XT oscillator, 2.0V s Voo s 3.0V 
50. - - ns XT oscillator, 3.0V s Voo s 6.0V 
2· - - µs LP oscillator 
50. - - ns HS oscillator 

4 TosR,TosF Clock in (OSC1) Rise or Fall Time 25. - - ns XToscillator 
50. - - ns LP oscillator 
25. - - ns HS oscillator 

These parameters are characterized but not tested. 
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 (Tcv) 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 expected current consumption. All devices are tested to operate at "min." values with an 
external clock applied to the OSC1/CLKIN pin. 
When an external clock input is used, the "Max." cycle time limit is "DC" (no clock) for all devices. 
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FIGURE 11-3: CLKOUT AND VOTIMING 

OSC1 

CLKOUT 

1/0 Pin 
(input) 

04 01 

' 10. ·-· 
' '' 

,___:,_,_ 22 -i 
;_:.___:_ 23 _; 

02 03 

' ' •. ~~~~~~~~~.....,_~~~~~~~· ·-·u·- ' ' I -: ;--12 
' . ' 14 . : 19: :-1s.-! 

:...._...., ~ I _..;...,_ 16 
l • l 

l/OPin 
(output) old value new value 

-. :--20,21 

Note: All tests must be done with specified capacitive loads (see datasheet) 50 pF on 1/0 pins and CLKOUT. 

TABLE 11-3: CLKOUT AND VO TIMING REQUIREMENTS 

Parameter 
No. Sym Characteristic Min Ty pt Max Units Conditions 

10 TosH2ckL osc1t to CLKOUT.l- - 15 30 ns Note 1 

11 TosH2ckH osc1t to CLKOUTt - 15 30 ns Note 1 

12 TckR CLKOUT rise time - 5 15 ns Note 1 

13 TckF CLKOUT fall time - 5 15 ns Note 1 

14 TckL2ioV CLKOUT .!- to Port out valid - - 0.5Tcv+20 ns Note 1 

15 TioV2ckH Port in valid before CLKOUTt 0.30TCY+30 • - - ns Note 1 

16 TckH2iol Port in hold after CLKOUTt o· - - ns Note 1 

17 TosH2ioV OSC1 t (01 cycle) to Port out valid - - 100 ns 

18 TosH2iol OSC1t (02 cycle) to Port input invalid TBD - - ns 
(1/0 in hold time) 

19 TioV2osH Port input valid to osc1t TBD - - ns 
(1/0 in setup time) 

20 TioR Port output rise time - 10 25 ns 

21 TioF Port output fall time - 10 25 ns 

22 Tinp INT pin high or low time 20. - - ns 

23 Trbp RB<7:4> change INT high or low time 20. - - ns 

These parameters are characterized but not tested. 
t Data in "Typ" column is at 5V, 25°C unless otheiwise stated. These parameters are for design guidance only 

and are not tested. 
Note 1 : Measurements are taken in RC Mode where CLKOUT output is 4 x Tosc. 
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FIGURE 11-4: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP 
TIMER TIMING 

Voo 

Internal 
POR 

;......-- 30--...; 

----33---~·~~~~~~~~~~~~~~~--->,'<--~~~~~~~~~ 

. I 32 
PWRT 

Timeout 

·-· ~~~~~~~~~~~~~~~~~~~~~~~~~-
osc 

Timeout 

Internal 
RESET 

Watchdog 
Timer 

RESET 

l/OPins 

-.;34:-

TABLE 11-4: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP 
TIMER REQUIREMENTS 

Parameter Sym Characteristic Min Ty pt Max Units Conditions 
No. 

30 Tmcl ~Pulse Width (low) 350. - - ns 2.0V s VDD s 3.0V 
150. - - ns 3.0V s Voo s 6.0V 

31 Twdt Watchdog Timer Timeout Period r 18 33• ms Voe= 5V, -40°C to +125°C 
(No Prescaler) 

32 Tosi Oscillation Start-up Timer Period - 1024 Tosc - ms Tosc = OSC1 period 

33 Tpwrt Power up Timer Period 2a· 72 132· ms Voo = 5V, -40°C to + 125°C 

34 T1oz 1/0 Hi-impedance from~ Low - - 100 ns 
or reset 

These parameters are characterized but not tested. 
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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FIGURE 11-5: TIMEROCLOCKTIMINGS 

RA4frOCKI ----~' \ /,: 
'.~------' 

'' 
·-- 40 -: :-- 41 ----: 

42 _____ _,.., 

TABLE 11-5: TIMERO CLOCK REQUIREMENTS 

Parameter Sym Characteristic Min Typt Max Units Conditions 
No. 

40 TtOH TOCKI High Pulse Width No Prescaler 0.5 TcY + 20· - - ns 

With Prescaler so· - - ns 2.0V s; Voo s; 3.0V 
30. - - ns 3.0V s; Voo s; 6.0V 

41 TtOL TOCKI Low Pulse Width No Prescaler 0.5 TCY+ 20• - - ns 

With Prescaler 50. - - ns 2.0V s; Voo s; 3.0V 
20· - - ns 3.0V s; Voo s; 6.0V 

42 TtOP TOCKI Period kt..:t.AQ• - - ns N = prescale value 
N (2, 4, ... , 256) 

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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12.0 DC & AC CHARACTERISTICS GRAPHS!TABLES. 
The data 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 is outside specified operating range (e.g., outside specified \itm 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 summary 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 + 3J) and (mean - 3a) 
respectively where a is standard deviation. 

FIGURE 12-1: lYPICAL RC OSCILLATOR FREQUENCY vs.TEMPERATURE 

Fosc Frequency Normalized To +25°C 
Fosc (25°C) 

1.10 

1.08 

1.06 

1.04 

1.02 

1.00 

0.98 

0.96 

0.94 

0.92 

0.90 

0.88 
0 10 20 25 30 40 50 60 70 

T(°C) 

TABLE 12-1: RC OSCILLATOR FREQUENCIES* 

Cext Rext 
Average 

Fosc @ 5V, 25°C 

20 pF 3.3k 4.68 MHz ±27% 

5.1k 3.94 MHz ±25% 

10k 2.34 MHz ±29% 

100k 250.16 kHz ±33% 

100 pF 3.3k 1.49 MHz ±25% 
5.1k 1.12 MHz ±25% 

10k 620.31 kHz ±30% 

100k 90.25 kHz ±26% 
300pF 3.3k 524.24 kHz ±28% 

5.1k 415.52 kHz ±30% 
10k 270.33 kHz ±26% 

100k 25.37 kHz ±25% 

*Measured in PDIP Packages.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. 
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FIGURE 12-2: TYPICAL RC OSCILLATOR FREQUENCY Vs. voo• 
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FIGURE 12-3: TYPICAL RC OSCILLATOR FREQUENCY vs. Voo• 
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FIGURE 12-4: TYPICAL RC OSCILLATOR FREQUENCY vs. Voo• 
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FIGURE 12-5: TYPICAL IPD vs. Voo WATCHDOG DISABLED (25°C) 

60 

50 

40 

30 

~ 
20 

10 

0 
2.0 2.5 3.0 3.5 4.0 4.5 5.0 

VDD (Volts) 

© 1995 Microchip Technology Inc. 

PIC16C84 

5.5 6.0 

DS30081 E-page 2-801 



PIC16C84 

FIGURE 12-6: TYPICAL IPD vs. Voo WATCHDOG ENABLED (25°C) 
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FIGURE 12-7: MAXIMUM IPD vs. Voo WATCHDOG DISABLED 
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FIGURE 12-8: MAXIMUM IPD vs. Voo WATCHDOG ENABLED* 

120 

100 

80 

~ 
E 60 

40 

20 

0 
2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 

VDD (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 dom
inates explaining the apparently anomalous behavior. 

FIGURE 12-9: VTH (INPUTTHRESHOLDVOLTAGE) OF 1/0 PINS vs. Voo 
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FIGURE 12-10: VTH (INPUTTHRESHOLDVOLTAGE) OF OSC1 INPUT (IN XT, HS, AND LP MODES) 
vs.Voo 
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FIGURE 12-11: VIH, VIL OF MCLR, TOCKI and OSC1 (IN RC MODE) vs. Voo 
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FIGURE 12-12: TYPICAL loo vs. FREQ (EXT CLOCK, 25°C) 
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FIGURE 12-13: MAXIMUM loo vs. FREQ (EXT CLOCK,-40° TO +85°C) 
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FIGURE 12-14: WDTTIMERTIME-OUT PERIOD vs. Voo 
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FIGURE 12-15: TRANSCONDUCTANCE (gm) OF HS OSCILLATOR vs. Voo 
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FIGURE 12-16: TRANSCONDUCTANCE (gm) OF LP OSCILLATOR vs. VDD 
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FIGURE 12-17: TRANSCONDUCTANCE (gm) OF XT OSCILLATOR vs. VDD 
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FIGURE 12-18: IOH vs. VOH, Voo = 3V 
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FIGURE 12-20: IOL vs. VOL, Voo = 3V 
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TABLE 12-2: INPUT CAPACITANCE* 

Pin Name 
Typical CapacHance (pf} 

18LPDIP 18LSOIC 

PORTA 5.0 4.3 

PORTB 5.0 4.3 

MC[R 17.0 17.0 

OSC1/CLKIN 4.0 3.5 

OSC2/CLKOUT 4.3 3.5 

TOCK! 3.2 2.8 

• All capacitance values are typical at 25°C. A part to part variation of ±25% (three standard deviations) should be taken into 
account. 
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13.0 PACKAGING INFORMATION 

For Package Dimension, 
please refer to the Packaging section of the Data Book 
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13.1 Package Marking Information 

18L PDIP 

0 MMMMMMMM.xxxxxxxx ~ MWdMMMMMMMMMXXXI ~ AABB COE 

PICHiC84· 

0 lOEJP 
~ 9305 CBA 

18LSOIC 

xxxxxxxx 
xxxxxxxx 

b_~ AABB CDE 

Legend: MM ... M 
xx ... x 
AA 
BB 
c 

D 
E 

Example 

PIC16LC84 
04I/S0218 

b_~ 9310 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., 
S =Tempe, 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 cannot 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$30081 E·page 2-812 

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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APPENDIX A: CHANGES 
The following is the list of modifications over the 
PIC16C5X microcontroller family: 

1. Instruction word length is increased to 14 bits. 
This allows larger page sizes both in program 
memory (2K now as opposed to 512 before) and 
the register file (128 bytes now versus 32 bytes 
before). 

2. A PC latch register (PCLATH) is added to han
dle program memory paging. PA2, PA 1 and PAO 
bits are removed from the status register and 
placed in the option register. 

3. Data memory paging is redefined slightly. The 
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 compati
bility with PIC16C5X. 

5. OPTION and TRIS registers are made address
able. 

6. Interrupt capability is added. Interrupt vector is 
at0004h. 

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. Reg
isters are reset differently. 

10. Wake up from SLEEP through interrupt is 
added. 

11. Two separate timers, the Oscillator Start-Up 
Timer (OST) and Power-Up Timer (PWRT), are 
included for more reliable power-up. These tim
ers are invoked selectively to avoid unneces
sary delays on power-up and wake-up. 

12. PORTB has weak pull-ups and interrupt on 
change features. 

13. TOCKI pin is also a port pin (RA4fTOCKI). 

14. FSA is a full 8-bit register. 

15. 'In system programming" is made possible. The 
user can program PIC16CXX devices using only 
live pins: Voo, Vss, VPP, RB6 (clock) and RB7 
(data in/out). 

© 1995 Microchip Technology Inc. 
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APPENDIX B: COMPATIBILITY 
To convert code written for PIC16C5X to PIC16C84, 
the user should take the following steps: 

1. Remove any program memory page select 
operations (PA2, PA1, PAO bits) forCALL, 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. 
Redefine data variables for reallocation. 

4. Verify all writes to STATUS, OPTION, and FSA 
registers since these have changed. 

5. Change reset vector to OOOOh. 
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APPENDIX C: WHAT'S NEW 
The conversion of this Data Sheet into the desktop pub
lishing software package, The structure of the docu
ment has been made consistent with other data sheet. 
This ensures that important topics are covered across 
all PIC16/17 families. Here is an overview list of new 
features: 

• Data Sheet Structure I Outline 

APPENDIX D: WHAT'S CHANGED 
To make software more portable across the different 
PIC16/17 families, some of the registers and control 
bits have been changed. Now control bits that do the 
same function, have the same name (regardless of pro
cessor family). Care must still be taken, since they may 
not be in the same special function register. The follow
ing lists the register and bit names that have changed: 

TABLE 13-1: err NAME CHANGES 

OLD NAME NEW NAME 
RTS TOCS 
RTE TOSE 
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E.1 Pin Compatibility 

Devices that have the same package type; and VDo, 
Vss, and ~ pin locations, are said to be pin com
patible. This allows these different devices to operate in 
the same socket. Compatible devices may only 
requires minor software modification to allow proper 
operation in the application socket (ex., PIC16C56 and 
PIC16C61 devices). Not all devices in the same pack
age size are pin compatible; for example, the 
PIC16C62 is compatible with the P IC16C63, but not the 
PIC16C55. 

Pin compatibility does not mean that the devices offer 
the same features. As an example, the PIC16C54 is 
pin compatible with the PIC16C71, but does not have 
an AID converter, weak pull-ups on PORTB, or inter
rupts. 

TABLE E-4: PIN COMPATIBILE DEVICES 

Pin Compatible Devices . 

PIC16C61, 
PIC16C620, PIC16C621, PIC16C622, 
PIC16C71, PIC16C84, 
PIC16C54, PIC16C54A, PIC16CR54, 
PIC16C56, PIC16C58A, PIC16CR58A 

PIC16C62, PIC16C63, PIC16C73 

PIC16C55, PIC16C57, PIC16CR57A 

PIC17C42, PIC17C43, PIC17C44 

PIC16C64, PIC16C65, PIC16C74 
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Package 

18 pin 

28 pin 

28 pin 

40pin 

40pin 
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CONNECTING TO MICROCHIP BBS 

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 member
ship services, therefore you do not need CompuServe 
membership to join Microchlp's BBS. 

There is no charge for connecting to the BBS, except 
for a toll charge to the CompuServe access number, 
where applicable. You do not need to be a Com
puServe member to take advantage of this connection 
(you never actually log in to CompuServe). 

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 
service allows multiple users at baud rates up to 14400 
bps. 

The following connect procedure applies in most loca
tions: 

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

2. Dial your local CompuServe access number. 

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

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

5. Type MCHIPBBS, depress < ENTER.J > and 
you will be connected 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 9600-14400 baud connection. After the system 
responds with Host Name: , type 

NETWORK, depress < ENTER.J > 
and follow CompuServe's directions. 

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

It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip prod
uct. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our documentation 
can better serve you, please FAX your comments to the Technical Publications Manager at (602) 786-7578. 

Please list the following information, and use this outline to provide us with your comments about this Data Sheet. 

To: Technical Publications Manager Total Pages Sent __ _ 

RE: Reader Response 

From; Name -------------------------------

Company -----------------------------~ 
Address -----------------------------

City I State I ZIP I Country----------------------

Telephone: C ) ___ _ FAX: (__) __ _ 

Application (optional): 

Would you like a reply?_Y _N 

Device: PIC16C84 Literature Number: DS30081 E 

Questions: 

1. What are the best features of this document? 

2. How does this document meet your hardware and software development needs? 

3. Do you find the organization of this data sheet easy to follow? If not, why? 

4. What additions to the data sheet do you think would enhance the structure and subject? 

5. What deletions from the data sheet could be made without affecting the overall usefullness? 

6. Is there any incorrect or misleading information (what and where)? 

7. How would you improve this document? 

8. How would you improve our software, systems, and silicon products? 
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PIC16C84 Product Identification System 

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

PART NO. ~.,X /XX XXX 

1~ ..... , 3-Dlglt Pattern Code for OTP (blank otherwise) 

Package: p = PDIP 
so = SOIC (Gull Wing, 300 mil body) 

Examplea: 

J Temperature = O"Cto +70"C a) PIC16C84 • 04/P 301 = I Range: I = -40"C to +85 "C Commercial temp., PDIP package, 
4 MHz, nonnal Voo limits, 
QTP pattern #301 

J Frequency 04 = 4 MHz ·RC, ·XT / 200 kHz ·LP b) PIC16LC84 • 041/SO = 
I Range: 10 = 10MHz Industrial temp., SOIC package, 

200 kHz, extended Voo limts J Device: PIC16C84 :VDD range 4.W to 6.W c) PIC16C84 • 101/P = 

I 
PIC16C84T :(Tape and Reel) 

Industrial temp., PDIP package, PIC16LC84 :Voo range 2.W to 6.W 
PIC16LC84T :(Tape and Reel) 10 MHz, normal Voo limts 

Sales and Suooort 

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

1. Your local Microchip sales office. 

2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip's Bulletin Board, via your local CompuSe111e number (CompuSe111e membership NOT required). 
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 PIC17C4X 
High-Performance 8-Bit CMOS EPROM Microcontroller 

Devices Included In This Data Sheet 

• PIC17C42 
• PIC17C43 
• PIC17C44 
High-Performance RISC-like CPU Features 
• Only 58 single word instructions to learn 
• All single cycle instructions (160 ns) except for program 

branches which are two-cycle and table reads/writes 
• Operating speed: 

DC - 25 MHz clock input 
- DC - 160 ns instruction cycle 

Device 
Program 

Data Memory 
Mem<!!Y_ 

PIC17C44 SK 454 

PIC17C43 4K 454 

PIC17C42 2K 232 

• Hardware Multiplier (PIC17C43/C44 Devices only) 
• Interrupt capability 
• 16 levels deep hardware stack 
• Direct, indirect and relative addressing modes 
• Internal/External program memory execution 
• 64K x 16 addressable program memory space 

Peripheral Features 
• 33 1/0 pins with individual direction control 
• High current sink/source for direct LED drive 

- RA2 and RA3 are open collector, high voltage 
(12V), high current (60 mA), 1/0 

• Two capture inputs and two PWM outputs 
- Captures are 16-bit, max resolution 160 ns 
- PWM resolution is 1- to 10-bit 

• TMRO: 16-bit timer/counter with 8-bit programmable 
prescaler 

• TMR1: 8-bit timer/counter 
• TMR2: 8-bit timer/counter 
• TMR3: 16-bit timer/counter 
• Serial Communications Interface (SCI/USART) 

Special microcontroller features 
• Power-On Reset (POR), Power-Up limer (PWRT) and 

Oscillator Start-Up limer (OST) 
• Watchdog limer (WDT) with its own on-chip RC oscilla-

tor for reliable operation 
• Code-protection 
• Power saving SLEEP mode 
• Selectable oscillator options 

CMOS Technology 
• Low-power, high-speed CMOS EPROM technology 
• Fully static design 
• Wide operating voltage range (2.5V to 6.0V) 
• Commercial and Industrial Temperature Range 
• Low-power consumption 

< 5 mA @ 5V, 4 MHz 
100 µA typical @ 4.5V, 32 kHz 
< 1 µA typical standby current @ 5V 

© 1995 Microchip Technology Inc. 

PACKAGE TYPES 
PDIP, Windowed CERDIP .----r---,---, 

-- 1 RCCYADO-
RC1/ADt
RC2/AD2-
RC3/AD3-
RC41AD4-
RC51A05-
RC&'AD6-
RC7/AD7-

Vss-
RBQICAP1 - 11 
RB1/CAP2-
RB21PWMt
RllM'WM2-

RB41TCLK12 -
RB51TCLK3-

RB6-

-RDCVA08 
-RD1/AD9 
-RD2/A010 
-R03/AD11 
-AD41AD12 
-RD51AD13 
-R061A014 
-RD7/A015 
-Dro!/VPP 
-Vss 
-REOIALE 
-ne1/0'E ---TEST 
-RAOJINT 
-RA1/TOCKI 

RB7- -RA3 
OSC1JCLKIN- -RMIRXIDT 

OSC2/CLKOUT - - RA51TX/CK 

PLCC 

RC41AD4 -
RC51A05 -
RC6/AD6-
RC7/Af17 -

Vss
Vss

RBOfCAPt -
RB1/CAP2 -

RB2/PWM1 -
R83/PWM2 -

RB4/TCLK12 -

OFP 

TEST
RE211'111-
AE1IOC -

REO'ALE --
Vss -
vss

fiiWIJV!op -
RD7/AD15 -
RD&'AD14 -
RD51AD13 -
RD4/AD12 --

~-----~ 

-RD41AD12 
-R051AD13 
-R06/A014 
-RD7/AD15 
-Dro!NPP 
-vss 
-vss 
-REQ+'ALE 
-REt/O'E 
-RE2IWll 
-TEST 

111tIIt11 t t 

3~~;~fUl~ll'Ji 
1 0 33 
2 32 

-RB41TCLK12 
- RB31PWM2 

3 31 - RB2/PWM1 
4 30 - RB1JCAP2 

: PIC17C4X : 
7 27 

- RBOICAP1 
-vss 
-vss 

8 26 - RC7/A07 
9 25 -RC6/AD6 
10 24 - RC5/A05 
11 23 -- RC4/A04 
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1.0 OVERVIEW 
This data sheet covers the PIC17C4X group of the 
PIC17CXX family of microcontrollers. The following 
devices are discussed in this data sheet: 

• PIC17C42 
• PIC17C43 
• PIC17C44 

The PIC17C43 and PIC17C44 devices include archi· 
tectural enhancements over the PIC17C42. These 
enhancements will be discussed throughout this data 
sheet. 

The PIC17C4X devices are 40-Pin, EPROM-based 
members of the versatile PIC17CXX family of low-cost, 
high-performance, CMOS, fully-static, 8-bit microcon
trollers. 

All PIC16/17 microcontrollers employ an advanced 
RISC-like architecture. The PIC17CXX has enhanced 
core features, sixteen-level deep stack, and multiple 
internal and external interrupt sources. The separate 
instruction and data buses of the Harvard architecture 
allow a 16-bit wide instruction word with a 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 55 instructions (reduced instruction 
set) are available in the PIC17C42 and 58 instructions 
in the PIC17C43 and PIC17C44 devices. Additionally, a 
large register set gives some of the architectural inno
vations used to achieve a very high performance. For 
mathematical intensive applications the PIC17C43 and 
PIC17C44 devices have a sirigle cycle 8 x 8 Hardware 
Multiplier. 

PIC17CXX microcontrollers typically achieve a 2:1 
code compression and a 4:1 speed improvement over 
other 8-bit microcontrollers in their class. 

The PIC17C4X devices have up to 454 bytes of RAM 
and 33 VO pins. In addition, the PIC17C4X adds sev
eral peripheral features useful in many high perfor
mance applications including: 

• Four timer/counters 
• Two capture inputs 
• Two PWM outputs 
• A Serial Communications Interface (SCI) 

The SCI can be configured for either synchronous or 
asynchronous communications (USART). 

These special features reduce external 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 LF oscillator is for low frequency 
crystals and minimizes power consumption, XT is a 
standard crystal, and the EC is for external clock input. 
The SLEEP (power-down) mode offers additional 
power saving. The user can wake up the chip from 
SLEEP through several external and internal interrupts 
and device resets. 
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There are four configuration options for the device 
operational modes: 

• Microprocessor 

• Microcontroller 
• Extended microcontroller 

• Protected microcontroller 

The microprocessor and extended microcontroller 
modes allow up to 64K-words of external program 
memory. 

A highly reliable Watchdog Timer with its own on-chip 
RC oscillator provides protection against software mal
function. 

Table 1-1 lists the features of the PIC17C4X devices. 

A UV-erasable CERDIP-packaged version is ideal for 
code development while the cost-effective One-nme 
Programmable (OTP) version is suitable for production 
in any volume. 

A simplified block diagram of the PIC17C42 is shown in 
Figure 3-1 and the block diagram forthe PIC17C43 and 
PIC17C44 devices is shown in Figure 3-2. 

The PIC17C4X fits perfectly in applications ranging 
from precise motor control and industrial process con
trol to automotive, instrumentation, and telecom appli· 
cations. Other applications that require extremely fast 
execution of complex software programs or the flexibil
ity of programming the software code as one of the last 
steps of the manufacturing process would also be well 
suited. The EPROM technology makes customization 
of application programs (with unique security codes, 
combinations, model numbers, parameter storage, 
etc.) fast and convenient. Small footprint package 
options make the PIC17C4X ideal for applications with 
space limitations that require high performance. High 
speed execution, powerful peripheral features, flexible 
1/0, and low power consumption all at low cost make 
the PIC17C4X ideal for a wide range of embedded con
trol applications. 

1.1 Family and Uoward Compatibility 

Those users familiar with the PIC16C5x and PIC16Cxx 
families of microcontrollers will see the architectural 
enhancements that have been implemented. These 
enhancements allow the device to be more efficient in 
software and hardware requirements. Please refer to 
Appendix A for a detailed list of enhancements and 
modifications. Code written for PIC16C5X or 
PIC16CXX can be easily ported to PIC17CXX family of 
devices (see Appendix B). 

1.2 Development Support 

The PIC17CXX family is supported by a full-featured 
macro assembler, a software simulator, an in-circuit 
emulator, a universal programmer, a "C" compiler, and 
fuzzy logic support tools. 
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TABLE 1-1: PIC17CXX FAMILY OF DEVICES 

PIC17C42 

Maximum Frequency of Operation 25MHz 
Operating Voltage Range 4.5-5.5V 
On-chip Program Memory (16-bits wide) 2K 
Data Memory (bytes) 232 
Hardware Multiplier (8 x 8) No 
TimerO (16-bit + 8-bit postscaler) Yes 
Timer1 (8-bit) Yes 
nmer2 (8-bit) Yes 
nmer3 (16-bit) Yes 
Capture inputs (16-bit) 2 
PWM outputs (up to 10-bit) 2 
Serial Communications Interface (SCI/USART) Yes 
Power-On Reset Yes 
Watchdog nmer Yes 
External Interrupts Yes 
Interrupt Sources 11 
Program Memory Code Protect Yes 

1/0 33 
110 High Current Capability 1source 25mA 

jsink 25mA2 

Package Types 40-Pin DIP, 
44-pin PLCC 
44-pin MQFP 

Note 1: The Code Protect Feature 1s different from the PIC17C42. 
2: RA2 and RA3 can sink up to 60 mA. 
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PIC17C43 PIC17C44 

25MHz 25MHz 
2.5-6.0V 2.5-6.0V 

4K BK 
454 454 
Yes Yes 
Yes Yes 
Yes Yes 
Yes Yes 
Yes Yes 
2 2 
2 2 

Yes Yes 
Yes Yes 
Yes Yes 
Yes Yes 
11 11 

Yes 1 Yes 1 

33 33 

25mA 25mA 

25mA2 25mA2 

40-Pin DIP, 40-Pin DIP, 
44-pin PLCC 44-pin PLCC 
44-pinTQFP 44:.PinTQFP 
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2.0 PIC17C4X 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 in the PIC17C4X Product Selec
tion System section at the end of this data sheet. When 
placing orders, please use the "PIC17C4X Product 
Identification 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 pro
grams. 

The UV erasable version can be erased and repro
grammed to any of the configuration modes. 
Microchip's PRO MATE'"M programmer supports pro
gramming of the PIC17C4X. Third party programmers 
also are available; refer to the Third Party Guide for a 
list of sources. 

2.2 One-Time-Programmable COTPl 
Devices 

The availability of OTP devices is especially useful for 
customers expecting frequent code changes and 
updates. 

The OTP devices, packaged in plastic packages, per
mit the user to program them once. In addition to the 
program memory, the configuration bits must also be 
programmed. 

© 1995 Microchip Technology Inc. 
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2.3 Quick-Turnaround-Production (QTPl 
Devices 

Microchip offers a OTP Programming Service for fac
tory production orders. This service is made available 
for users who choose 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 configuration options 
already programmed by the factory. Certain code and 
prototype verification procedures apply before produc
tion shipments are available. Please contact your local 
Microchip Technology sales office for more details. 

2.4 Serialized Quick-Turnaround 
Production CSQTpSM) Devices 

Microchip offers a unique programming service where 
a few user-defined locations in each device are pro
grammed with different serial numbers. The serial num
bers 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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NOTES: 
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3.0 ARCHITECTURAL OVERVIEW 
The high performance of the PIC17C4X can be attrib
uted to a number of architectural features commonly 
found in RISC microprocessors. To begin with, the 
PIC17C4X uses a modified Harvard architecture. This 
architecture has the program and data accessed from 
separate memories. So the device has a program 
memory bus and a data memory bus. This improves 
bandwidth over traditional von Neumann architecture, 
where program and data are fetched from the same 
memory (accesses over the same bus), Separating 
program and data memory further allows instructions to 
be sized differently than the 8-bit wide data word. 
PIC17C4X opcodes are 16-bits wide, enabling single 
word instructions. The full 16-bit wide program memory 
bus fetches a 16-bit instruction in a single cycle. A two
stage pipeline overlaps fetch and execution of instruc
tions. Consequently, all instructions execute in a single 
cycle (160 ns @ 25 MHz), exceptfor program branches 
and two special instructions that transfer data between 
program and data memory. 

The PIC17C4X can address up to 64K x 16 of program 
memory space. The PIC17C42 integrates 2K x 16 
EPROM program memory on-chip, while the PIC17C43 
integrates 4K x 16 and the PIC17C44 integrates 
8K x 16 EPROM program memory. Program execution 
can be internal only (microcontroller or protected mirco
controller mode), external only (microprocessor mode) 
or both (extended microcontroller mode). 

The PIC17CXX can directly or indirectly address its 
register files or data memory. All special function regis
ters, including the Program Counter (PC) and Working 
Register (WREG), are mapped in the data memory. 
The PIC17CXX has an orthogonal (symmetrical) 
instruction set that makes it possible to carry out any 
operation on any register using any addressing mode. 
This symmetrical nature and lack of 'special optimal sit
uations' make programming with the PIC17CXX simple 
yet efficient. In addition, the learning curve is reduced 
significantly. 

One of the PIC17CXX family architectural enhance
ments from the PIC16CXX family allows two file regis
ters to be used in some two operand instructions. This 
allows data to be moved directly between two registers 
without going through the WREG register. This 
increases performance and decreases program mem
ory usage. 

The PIC17CXX devices contain an 8-bit ALU and work
ing register. The ALU is a general purpose arithmetic 
unit. It performs arithmetic and Boolean functions 
between data in the working register and any register 
file. 

© 1995 Microchip Technology Inc. 
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The ALU is 8-bits wide and capable of addition, sub
traction, shift and logical operations. Unless otherwise 
mentioned, arithmetic operations are two's comple
ment in nature. 

The WREG register is an 8-bit working register used for 
ALU operations. 

The PIC17C43 and PIC17C44 devices also have an 
8 x 8 hardware multiplier. This multiplier generates a 
16-bit result in a single cycle. 

Depending on the instruction executed, the ALU may 
affect the values of the Carry (Ci, Digit Carry (DCi, and 
Zero (Z) bits in the STATUS register. The C and DC bits 
operate as a bOrrow and OiQff borrow out bit, respec
tively, in subtraction. See the SUBLW and SUBWF 

instructions for examples. 

Although the ALU does not pertorm signed arithmetic, 
the Overtlow bit (OV) can be used to implement signed 
math. Signed arithmetic is comprised of a magnitude 
and a sign bit. The overtlow bit indicates if the magni
tude overflows and causes the sign bit to change state. 
Signed math can have greater than 7-bit values (mag
nitude), if more than one byte is used. The use of the 
overtlow bit only operates on bit6 (MSb of magnitude) 
and bit? (sign bit) of the value in the ALU. That is, the 
overtlow bit is not useful if trying to implement signed 
math where the magnitude, for example, is 11-bits. If 
the signed math values are greaterthan 7-bits (15-, 24-
or 31-bit), the algorithm must ensure that the low order 
bytes ignore the overtlow status bit. 

Care should be taken when adding and subtracting 
signed numbers to ensure that the correct operation is 
executed. Example 3-1 shows an item that must be 
taken into account when doing signed arithmetic on an 
ALU which operates as an unsigned machine. 

EXAMPLE 3-1: SIGNED MATH 
Signed Math 

-127 (FFh) 
+ 1 (Olh) 

-126 (FEh) 

Unsigned Math 
255 (FFh) 

+ 1 (Olh) 
0 (OOh) ; c = 1 

Signed math requires the result in REG to 
be FEh (-126). This would be accomplished 
by subtracting one as opposed to adding 
one .. 

Simplified block diagrams are shown in Figure 3-1 and 
Figure 3-2. The descriptions of the device pins are 
listed in Table 3-1. 
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TABLE 3·1: PIC17C4X PINOUT DESCRIPTIONS 

Name 
DIP PLCC QFP 1/0/P Buffer 

Description 
No. No. No. Type Type 

OSC1/CLKIN 19 21 37 I ST Oscillator input in crystaVresonator or RC oscillator mode. 
External clock input in external clock mode. 

OSC2/CLKOUT 20 22 38 0 - 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 Ire-
quency of OSC1 and denotes the instruction cycle rate. 

MCD1JVpp 32 3S 7 l/P ST Master clear (reset) inpuVProgramming Voltage (\/PP) input. 
This is the active low reset input to the chip. 

PORTA is a bidirectional 1/0 Port except for RAO and RA 1 
which are input only. 

RAO/INT 26 28 44 I ST RAO/INT can also be selected as an external interrupt 
input. Interrupt can be configured to be on positive or 
negative edge. 

RA1/TOCKI 2S 27 43 I ST Can also be selected to be the clock input to the TMRO 
timer/counter. 

RA2 24 26 42 1/0 ST High voltage, high current open collector inpuVoutput 
port pins. 

RA3 23 2S 41 110 ST High voltage, high current open collector inpuVoutput 
port pins. 

RA4/RX/DT 22 24 40 1/0 ST RA4/RX/DT can also be selected as the SCI Asynchro-
nous Receive or SCI Synchronous Data. 

RAS/TX/CK 21 23 39 1/0 ST RAS/TX/CK can also be selected as the SCI Asynchro-
nous Transmit or SCI Synchronous Clock. 

PORTB is a bidirectional 1/0 Port. 

RBO/CAP1 11 13 29 1/0 ST RBO/CAP1 can also be the CAP1 input pin. 

RB1/CAP2 12 14 30 1/0 ST RB1/CAP2 can also be the CAP2 input pin. 

RB2/PWM1 13 1S 31 1/0 ST RB2/PWM1 can also be the PWM1 output pin. 

RB3/PWM2 14 16 32 1/0 ST RB3/PWM2 can also be the PWM2 output pin. 

RB4/TCLK12 1S 17 33 1/0 ST RB4/TCLK12 can also be the external clock input to 
nmer1 and nmer2. 

RBS/TCLK3 16 18 34 1/0 ST RBS/TCLK3 can also be the external clock input to 
Timer3. 

RB6 17 19 3S 1/0 ST 

RB? 18 20 36 1/0 ST 

PORTC is a bidirectional 1/0 Port. 

RCO/ADO 2 3 19 1/0 TTL This is also the lower half of the 16 bit wide system bus in 

RC1/AD1 3 4 20 1/0 TTL microprocessor mode or extended microcontroller mode. 

RC2/AD2 4 s 21 1/0 TTL In multiplexed system bus configuration, these pins are 

RC3/AD3 s 6 22 1/0 TTL 
address output as well as data input or output. 

RC4/AD4 6 7 23 1/0 TTL 

RCS/ADS 7 8 24 1/0 TTL 

RC6/AD6 8 9 2S 1/0 TTL 

RC7/AD7 9 10 26 1/0 TTL 

legend: I = Input only; 0 = Output only; 1/0 = lnpuVOutput; P = Power; - = Not Used; TTL= TTL input; 
ST= Schmitt Trigger input. 
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TABLE 3-1: PIC17C4X PINOUT DESCRIPTIONS (CONT.) 

Name DIP PLCC QFP 1/0/P Buffer 
Description No. No. No. Type Type 

PORTO is a bidirectional 1/0 Port. 

RDO/AD8 40 43 15 1/0 TIL This is also the upper byte of the 16-bit system bus in 

RD1/AD9 39 42 14 1/0 TIL microprocessor mode or extended microprocessor mode 

RD2/AD10 38 41 13 1/0 TIL or extended microcontroller mode. In multiplexed system 

RD3/AD11 37 40 12 1/0 TIL 
bus configuration these pins are address output as well 

RD4/AD12 36 39 11 1/0 TIL 
as data input or output. 

RD5/AD13 35 38 10 1/0 TIL 

RD6/AD14 34 37 9 1/0 TIL 

RD7/AD15 33 36 8 1/0 TIL 

PORTE is a bidirectional 110 Port. 

REO/ALE 30 32 4 1/0 TIL In microprocessor mode or extended microcontroller 
mode, it is the Address Latch Enable (ALE) output. 
Address should be latched on the falling edge of ALE 
output. 

RE1!0!: 29 31 3 1/0 TIL In microprocessor or extended microcontroller mode, it is 
the Output Enable (OE) control output (active low). 

RE21WFi" 28 30 2 1/0 TIL In microprocessor or extended microcontroller mode, it is 
the Write Enable (WR) control output (active low). 

TEST 27 29 1 I ST Test mode selection control input. Always tie to Vss for nor-
mal operation. 

Vss 10, 11, 5,6, p Ground reference for logic and 1/0 pins. 
31 12, 27,28 

33,34 

VDD 1 1, 44 16, 17 p Positive supply for logic and 1/0 pins. 

Legend: I = Input only; 0 = Output only; 1/0 = Input/Output; P = Power; - = Not Used; TIL = TIL input; 
ST= Schmitt Trigger input. 
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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 pro
gram counter (PC) is incremented every 01, and the 
instruction is fetched from the program memory and 
latched into the instruction register in 04. The instruc
tion is decoded and executed during the following 01 
through 04. The clocks and instruction execution flow 
are shown in Figure 3-3. 

FIGURE 3-3: CLOCK/INSTRUCTION CYCLE 

OSC1 
01 

02 

03 1-----..J 

3.2 Instruction Flow/Pipelining 

An "Instruction Cycle" consists of four Q 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 3-2). 

A fetch cycle begins with the program counter incre
menting 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). 

f Internal 
phase 
clock 

04 11~-----~ 

OSC2/CLK:U~t ~ ---~:r~-----1~---P..JC+~1-----1.__ ___ P_,C+~2---~ 
(RC mode) 1------,,F"'etc"'h""IN"'ST"'"""PC,.,.----1 

Execute INST PC-1 

I 

Fetch IN T PC+ 1 
Execute INST PC 

EXAMPLE 3-2: INSTRUCTION PIPELINE FLOW 

1. MOVLW 55h l l Execute 1 l 
2. MOVWF PORTE L Fetch 2 i Execute 2 
3. CALL SUB_l Fetch 3 
4. BSF PORTA, BIT3 ± 

l 

Fetch INST PC+2 
xecute 

Execute 3 l 
Fetch 4 l · .... Flush J 

L Fetch SUB_ 1 J 

All instructions are single cycle, except for any program branches. These take two cycles since the fetch 
instruction is "flushed" from the pipeline while the new instruction is being fetched and then executed. 
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4.0 RESET 
The PIC17CXX differentiates between various kinds of 
reset: 

• Power-On Reset (POR) 

• MCLR reset during normal operation 

• WOT time-out reset during normal operation 

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 dur
ing SLEEP. They are not affected by a WOT reset dur
ing SLEEP, since this reset is viewed as the resumption 
of normal operation. The TO and ~ bits are set or 
cleared differently in different reset situations as indi
cated in Table 4-3. These bits are used in software to 
determine the nature of reset. See Table 4-4 for a full 
description of reset states of all registers. 

A simplified block diagram of the on-chip reset circuit is 
shown in Figure 4-1. 

4.1 

4.1.1 

PIC17C4X 

Power-On Reset (POR). Power-Up
Timer (PWRT) and Oscillator Start-Up 
Timer(OST) 

POWER-ON RESET (POR) 

The Power-On Reset circuit holds the device in reset 
until Voo is above the trip point (in the range of 1.4 V -
2.3V). PIC17C43 and PIC17C44 will produce an inter
nal reset for both rising and falling Voo. The PIC17C42 
does not produce an internal reset when Voo declines. 
To take advantage of the POR, just tie the MCLR'VPP 
pin directly (or through a resistor) to Voo. This will elim
inate external RC components usually needed to cre
ate Power-On Reset. A minimum rise time for Voo is 
required. See Electrical Specifications for details. 

4.1.2 POWER-UP TIMER (PWRT) 

The Power-Up Timer provides a fixed 96 ms time-out 
(nominal) on power-up. This occurs from rising edge of 
the POR signal and after the first rising edge of MCrn 
(detected high). The power-up timer operates on an 
internal RC oscillator. The chip is kept in RESET as 
long as the PWRT is active. In most cases the PWRT 
delay allows the Voo to rise to an acceptable level. 

The power-up time delay will vary from chip to chip and 
to Voo and temperature. See DC parameters for 
details. 

FIGURE 4-1: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT 

~ 
Voo 

WDT 
Module 

OST/PWRT 

External 
Reset 

WDT 
Time_Out 
Reset 

OST 

10-bit Ripple counter 

10-bit Ripple counter 

t This RC oscillator is shared with the WDT 
when not in a power-up sequence. 
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.0 

Power_Up 
(Enable the PWRTtimer 
only during Power_ Up) 

Chip_Reset 
R 

~ (Power_Up +Wake_ Up) (XT + LF) 
LU ~----- (Enable the OST if it is Power_Up or Wake_ Up 

from SLEEP and OSC type is XT or LF) 
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4.1.3 OSCILLATOR START-UP TIMER cosn 

The Oscillator Start-Up Timer (Osn provides a 1024 
oscillator cycle (1024 Tosc) delay after MCLR is 
detected high or a wake-up from SLEEP event occurs. 

The OST time-out is invoked only for XT and LF oscil
lator modes on a Power-On Reset or a Wake-Up from 
SLEEP. 

The OST counts the oscillator pulses on the OSC1/ 
CLKIN pin. The counter only starts incrementing after 
the amplitude of the signal reaches the oscillator input 
thresholds. This delay allows the crystal oscillator or 
resonator to stabilized before the device exits reset. 
The length of time-out is a function of the crystaVreso
nator frequency. 

4.1.4 TIME-OUT SEQUENCE 

On power-up the time-out sequence is as follows: First 
the internal POR signal goes high when the POR trip 
point is reached. If MCLR is high, then both the OST 
and PWRT timers start. In general the PWRT time-out 
is longer, except with low frequency crystals/r!;!sona
tors. The total time-out also varies based on oscillator 
configuration. Table 4-1 shows the times that are asso
ciated with the oscillator configuration. Figure 4-2 and 
Figure 4-3 display these time-out sequences. 

If the device voltage is not wtthin electrical specification 
at the end of a time-out, the MCLRIVPP pin must be 
held low until the voltage is within the device specifica
tion. The use of an external RC delay is sufficient for 
many of these applications. 

TABLE 4-1: 

Oscillator 

TIME-OUT IN VARIOUS 
SITUATIONS 

Power-up Wakeup MCLR 
Configuration from Reset 

SLEEP 

XT, LF Greater of 1024 Tosc -
(96 ms, 

1024 Tosc) 

EC,RC Greater of - -
(96 ms, 

1024 Tosc) 

The time-out sequence begins from the first rising edge 
of~. 

Table 4-3 shows the reset condttions for some special 
registers, while Table 4-4 shows the inttialization condi
tions for all the registers. The shaded registers (in 
Table 4-4) only exist for PIC17C43 and PIC17C44 
devices. In the PIC17C42, the PRODH and PRODL 
registers are general purpose RAM. 

TABLE 4•2: 

TO PD 

1 1 

1 0 

0 1 

0 0 

STATUS BITS AND THEIR 
SIGNIFICANCE 

Event 

Power-On Reset, 1VlCrn reset during normal 
operation, or CLRWDT instruction executed 

1VlCrn reset during SLEEP or interrupt wake-
up from SLEEP 

WDT reset during normal operation 

WDT time-out wake-up from SLEEP 

In Figure 4-2, Figure 4-3 and Figure 4-4, TPWAT > 
Tosr, as would be the case in higher frequency crys
tals. For lower frequency crystals, (i.e., 32 kHz) TosT 
would be greater. 

TABLE 4-3: RESET CONDITION FOR THE PROGRAM COUNTER AND THE CPUSTA REGISTER 

Event PCH:PCL CPUSTA OST Active 

Power-On Reset OOOOh --11 11-- Yes 

fiilCDi reset during normal operation OOOOh --11 11-- No 

MCLR reset during SLEEP OOOOh --11 10-- Yes 2 

WDT reset during normal operation OOOOh --11 01-- No 

WDT during SLEEP OOOOh --11 00-- Yes 2 

Interrupt wake-up from SLEEP 1 GLINTD is set PC+ 1 --11 10-- Yes 2 

J GLINTD is clear PC+ 1 1 --10 10-- Yes 2 

Legend: u = unchanged, x = unknown, - = unimplemented, reads as 'O'. 
Note 1: On wake-up, this instruction is executed. The instruction at the appropriate interrupt vector is fetched and 

then executed. 
2: The OST is only active when the Oscillator is configured for XT or LF modes. 
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FIGURE 4-2: TIME-OUT SEQUENCE ON POWER-UP (MCLRTIED TO Voo) 

VDD 

MCLR 

INTERNAL POR 

;..__ TPWRT-: 

PIC17C4X 

~~~~~~~~~~~~~~-

PWRT TIME-OUT 

OST TIME-OUT 

INTERNAL RESET 

FIGURE 4-3: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO Voo) 

VDD 

MCLR 

INTERNAL POR 

PWRTTIME-OUT 

OST TIME-OUT 

INTERNAL RESET 

.... 
TPWRT 

:----Tosr-to-: 

FIGURE 4-4: SLOW RISE TIME (MCLR TIED TO Voo) 

VDD 

J;1CCT! 

INTERNAL POR 

PWRT TIME-OUT 

OST TIME-OUT 

INTERNAL RESET 
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FIGURE 4-5: OSCILLATOR START-UP 
TIME 

VDD ~ 

rem ~ 
OSC2~ 

__...] j..-
Tosc1 ! ----~ 

TosT j--
OST TIME_OUT __ _,_ ____ ~I 

PWRTTIME_OUT ~ 
i . : 

TPWRT i 
INTERNAL RESET_~---~~' 
This figure shows in greater detail the timings involved 
with the oscillator start-up timer. In this example the 
low frequency c_!Ystal start-up time is larger than 
power-up time (TPWRT). 
Tosc1 = time for the crystal oscillator to react to an 
oscillation level detectable by the Oscillator Start-Up 
Timer (ost) 
TOST= 1024 Tosc 

FIGURE 4-6: USING ON-CHIP POR 

B VDD 

rem 

PIC17CXX 

FIGURE 4-7: BROWN-OUT PROTECTION 
CIRCUIT1 

VDD 

VDD 

10k 

PIC17CXX 

This circuit will activate reset when Voo goes below (Vz 
+ 0.7V) where Vz =Zener voltage. 
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FIGURE 4-8: PIC17C42 EXTERNAL 
POWER-ON RESET CIRCUIT 
(FOR SLOW Voo POWER
UP) 

__,_ c 
I 

R1 
rem 
PIC17CXX 

Note 1: An external Power-On Reset circuit is 
required only if Voo power-up time is too 
slow. The diode D helps discharge the 
capacitor quickly when VDD powers 
down. 

2: R < 40 kQ is recommended to ensure that 
the voltage drop across R does not 
exceed 0.2V (max. leakage current spec. 
on the lVlCDiJVpp pin is 5 µA). A larger 
voltage drop will degrade V1H level on the 
~PP pin. 

3: R1 = 1000 to 1 kQ will limit any current 
flowing into 1JCD1 from external capaci
tor C in the event of MCLRIVPP pin break
down due to ESD or EOS. 

FIGURE 4-9: BROWN-OUT PROTECTION 
CIRCUIT2 

Voo 

Voo 
R1 

PIC17CXX 

This brown-out circuit is less expensive, albelt less 
accurate. Transistor Q1 turns off when Voo is below a 
certain level such that: 

R1 
VDD • ~R-1-+~R~2 =0.7V. 
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TABLE 4-4: INITIALIZATION CONDITIONS FOR SPECIAL FUNCTION REGISTERS 

Register Address Power-On Reset 
MCLR Reset Wake up from SLEEP 
WOT Reset through interrupt 

UN BANKED 

INDFO OOh 0000 0000 0000 0000 0000 0000 

FSRO 01h xxxx xxxx uuuu uuuu uuuu uuuu 

PCL 02h OOOOh OOOOh PC + 12 

PCLATH 03h xxxx xx xx uuuu uuuu uuuu uuuu 

ALUSTA 04h llli xxxx 1111 uuuu 1111 uuuu 

TOSTA 05h 0000 000- 0000 000- 0000 000-

CPUSTA3 06h --11 11-- --11 ??-- --uu ??--

INTSTA 07h 0000 0000 0000 0000 uuuu uuuu1 

INDF1 08h 0000 0000 0000 0000 uuuu uuuu 

FSR1 09h xxxx xxxx uuuu uuuu uuuu uuuu 

WREG OAh xxxx xxxx uuuu uuuu uuuu uuuu 

TMROL OBh xxxx xxxx uuuu uuuu uuuu uuuu 

TM ROH OCh xxxx xxxx uuuu uuuu uuuu uuuu 

TBLPTRL ODh xxxx xxxx uuuu uuuu uuuu uuuu 

TBLPTRH OEh xxxx xxxx uuuu uuuu uuuu uuuu 

PORTA 10h 0-xx xxxx 0-uu uuuu uuuu uuuu 

DDRB 11 h 1111 1111 1111 1111 uuuu uuuu 

PORTB 12h xxxx xxxx uuuu uuuu uuuu uuuu 

RCSTA 13h 0000 -OOx 0000 -oou uuuu -uuu 

RC REG 14h xxxx xxxx uuuu uuuu uuuu uuuu 

TXSTA 15h 0000 --lx 0000 --lu uuuu --uu 

TXREG 16h xxxx xxxx uuuu uuuu uuuu uuuu 

SPBRG 17h xxxx xxxx uuuu uuuu uuuu uuuu 

BANK 1 

DDRC 10h 1111 1111 1111 1111 uuuu uuuu 

PORTC 11h xxxx xxxx uuuu uuuu uuuu uuuu 

DDRD 12h 1111 1111 1111 1111 uuuu uuuu 

PORTD 13h xxxx xxxx uuuu uuuu uuuu uuuu 

DDRE 14h -111 -111 -uuu 
PORTE 15h -xxx -uuu -uuu 

PIR 16h 0000 0010 0000 0010 uuuu uuuu1 

PIE 17h 0000 0000 0000 0000 uuuu uuuu 

Legend: u = unchanged, x= unknown, - = unimplemented, reads as 'O', ? = value depends on condition 
Note 1: One or more bits in INTSTA, PIR will be affected (to cause wake-up). 

2: When the wake-up is due to an interrupt and the GLINTD bit is cleared, the PC is loaded with the interrupt 
vector. 

3: See Table 4-3 for reset value of specific condition. 
4: These values are for the PIC17C43 and PIC17C44 only. 
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TABLE4-4: INITIALIZATION CONDITIONS FOR SPECIAL FUNCTION REGISTERS (CONT.) 

Register Address Power-On Reset 
MCLR Reset Wake up from SLEEP 
WOT Reset through interr.upt 

BANK2 

TMR1 10h xxxx xxxx uuuu uuuu uuuu uuuu 

TMR2 11 h xxxx xxxx uuuu uuuu uuuu uuuu 

TMR3L 12h xxxx xxxx uuuu uuuu uuuu uuuu 

TMR3H 13h xxxx xxxx uuuu uuuu uuuu uuuu 

PR1 14h xxxx xxxx uuuu uuuu uuuu uuuu 

PR2 15h xxxx xxxx uuuu uuuu uuuu uuuu 

PR3/CA1L 16h xxxx xxxx uuuu uuuu uuuu uuuu 

PR3/CA1H 17h xxxx xxxx uuuu uuuu uuuu uuuu 

BANK3 

PW1DCL 10h xx-- ---- uu-- uu--

PW2DCL 11h xx-- ---- uu-- uu--

PW1DCH 12h xxxx xxxx uuuu uuuu uuuu uuuu 

PW2DCH 13h xxxx xxxx uuuu uuuu uuuu uuuu 

CA2L 14h xxxx xxxx uuuu uuuu uuuu uuuu 

CA2H 15h xx.xx xx.xx uuuu uuuu uuuu uuuu 

TCON1 16h 0000 0000 0000 0000 uuuu uuuu 

TCON2 17h 0000 0000 0000 0000 uuuu uuuu 

Legend: u = unchanged, x = unknown, - = urnmplement , reads as , ? = va ue depen s on co 
Note 1: One or more bits in INTSTA, PIR will be affected (to cause wake-up). 

2: When the wake-up is due to an interrupt and the GLINTD bit is cleared, the PC is loaded with the interrupt 
vector. 

3: See Table 4-3 for reset value of specific condition. 
4: These values are for the PIC17C43 and PIC17C44 only. 
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5.0 INTERRUPTS 
The PIC17C4X devices have 11 sources of interrupt: 

• External interrupt from the RAO/INT pin 
• Change on RB<7:0> pins 
• TimerO Overflow 
• Timer1 Overflow 

• Timer2 Overflow 

• Timer3 Overflow 
• SCI Transmit buffer empty 
• SCI Receive buffer full 
• Capture1 
• Capture2 
• TOCK! edge occurred 

There are four registers used in the control and status 
of interrupts. These are: 

• CPUSTA 
• INTSTA 
• PIE 
• PIR 

The CPUSTA register contains the GLINTD bit. This is 
the Global Interrupt Disable bit. When this bit is set, all 
interrupts are disabled. This bit is part of the controller 
core functionality and is described in the Memory Orga
nization section. 

FIGURE 5-1: INTERRUPT LOGIC 

TMR11F 
TMR11E 

RBIF 
RBIE 

TMR31F 
TMR31E 

RCIF 
RCIE 
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When an interrupt is responded to, the GLINTD bit is 
automatically set to disable any further interrupt, the 
return address is pushed onto the stack and the PC is 
loaded with the interrupt vector address. There are four 
interrupt vectors. Each vector address is for a specific 
interrupt source (except the peripheral interrupts which 
have the same vector address). These sources are: 

• External interrupt from the RAO/INT pin 
• TimerO Overflow 
• TOCK! edge occurred 
• Any peripheral interrupt 

When program execution vectors to one of these inter
rupt vector addresses (except for the peripheral inter
rupt address), the interrupt flag bit is automatically 
cleared. Vectoring to the peripheral interrupt vector 
address does not automatically clear the source of the 
interrupt. In the peripheral interrupt service routine, the 
source(s) of the interrupt can be determined by testing 
the interrupt flag bits. The interrupt flag bit(s) must be 
cleared in software before re-enabling interrupts to 
avoid infinite interrupt requests. 

All of the individual interrupt flag bits will be set regard
less of the status of their corresponding mask bit or the 
GLINTD bit. 

For external interrupt events, there will be an interrupt 
latency. For two cycle instructions, the latency could be 
one instruction cycle longer. 

The "return from interrupt" instruction, RETFIE, can be 
used to mark the end of the interrupt service routine. 
When this instruction is executed, the stack is 
"PO Ped", and the GLINTD bit is cleared (to re-enable 
interrupts). 

TOIF 
TOIE 

INTF 
INTE 

GUNTO 

Wake-up (If in SLEEP mode 
or terminate long write 
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5.1 Interrupt Status Register (INTSTA) 

The Interrupt Status/Control register (INTSTA) records 
the individual interrupt requests in flag bits, and con
tains the individual enable bits (not for the peripherals). 

The PEIF bit is a read only, bit wise OR of all the periph
eral flag bits in the PIR register (Figure 5-4). 

FIGURE 5·2: INTSTA REGISTER (ADDRESS: 07H, UNBANKED) 

R-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 
PEIF I TOCKIF I TOIF I INTF I PEIE I TOCKIE I TOIE I INTE I 

bit? bitO 

bit 7: PEIF: Peripheral Interrupt Flag bit 

R = Readable bit 
W = Wrltable bit 
- n = Value at POR reset 

This bit is the OR of all peripheral interrupt flag bits AND'ed with their corresponding enable bits. 
1 =A peripheral interrupt is pending 
O = No peripheral interrupt is pending 

bit 6: TOCKIF: External Interrupt on TOCKI Pin Flag bit 
This bit is cleared by hardware, when the interrupt logic forces program execution to vector (18h). 
1 =The software specified edge occurred on the RA 1 /TOCKI pin 
0 =The software specified edge did not occur on the RA 1 /TOCK! pin 

bit 5: TOJF: limerO Overflow Interrupt Flag bit 
This bit is cleared by hardware, when the interrupt logic forces program execution to vector (10h). 
1 = limerO overflowed 
O = limerO did not overflow 

bit 4: INTF: External Interrupt on INT Pin Flag bit 
This bit is cleared by hardware, when the interrupt logic forces program execution to vector (08h). 
1 =The software specified edge occurred on the RAO/INT pin 
0 =The software specified edge did not occur on the RAO/INT pin 

bit 3: PEIE: Peripheral Interrupt Enable bit 
This bit enables all peripheral interrupts that have their corresponding enable bits set. 
1 = Enable peripheral interrupts 
O = Disable peripheral interrupts 

bit 2: TOCKIE: External Interrupt on TOCKI Pin Enable bit 
1 =Enable software specified edge interrupt on the RA1/TOCKI pin 
O =Disable interrupt on the RA1/TOCKI pin 

bit 1: TOIE: TimerO Overflow Interrupt Enable bit 
1 = Enable TimerO overflow interrupt 
O = Disable TimerO overflow interrupt 

bit O: INTE: External Interrupt On INT Pin Enable bit 
1 =Enable software specified edge interrupt on the RAO/INT pin 
0 =Disable software specified edge interrupt on the RAO/INT pin 
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5.2 Peripheral Interrupt Enable Register 
(PIE) 

This register contains the individual flag bits for the 
Peripheral interrupts. 

FIGURE 5-3: PIE REGISTER (ADDRESS: 17H, BANK 1) 

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 
I RBIE ITMR31EJTMR21EJTMR11EI CA21E I CA11E I TXIE I RCIE I 
bit7 bitO 

bit 7: RBIE: PORTB Interrupt on Change Enable bit 
1 = Enable PORTB interrupt on change 
O = Disable PORTB interrupt on change 

bit 6: TMR31E: Timer3 Interrupt Enable bit 
1 = Enable nmer3 interrupt 
0 = Disable Timer3 interrupt 

bit 5: TMR21E: Timer2 Interrupt Enable bit 
1 = Enable Timer2 interrupt 
0 = Disable Timer2 interrupt 

bit 4: TMR11E: Timer1 Interrupt Enable bit 
1 = Enable Timer1 interrupt 
0 = Disable Timer1 interrupt 

bit 3: CA21E: Capture2 Interrupt Enable bit 
1 =Enable Capture interrupt on RB1/CAP2 pin 
O =Disable Capture interrupt on RB1/CAP2 pin 

bit 2: CA11E: Capture1 Interrupt Enable bit 
1 = Enable Capture interrupt on RB2/CAP1 pin 
O =Disable Capture interrupt on RB2/CAP1 pin 

bit 1: TXIE: SCI Transmit Interrupt Enable bit 
1 = Enable Transmit buffer empty interrupt 
O =Disable Transmit buffer empty interrupt 

bit O: RCIE: SCI Receive Interrupt Enable bit 
1 = Enable Receive buffer full interrupt 
O = Disable Receive buffer full interrupt 

© 1995 Microchip Technology Inc. 
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R = Readable bit 
W = Writable bit 
-n = Value at POR reset 
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5.3 Peripheral Interrupt Request Register 
(PIR) 

This register contains the individual flag bits for the 
peripheral interrupts. 

FIGURE 5-4: PIR REGISTER (ADDRESS: 16H, BANK 1) 

R/W-0 R/W·O R/W·O R/W-0 R/W·O R/W-0 R-1 R-0 
I RSIF ITMR31FITMR21FITMR11FI CA21F I CA11F I TXIF I RCIF I 
bit? bitO 

bit 7: RBIF: PORTS Interrupt on Change Flag bit 

R = Readable bit 
W =Writable bit 
-n = Value at POR reset 

1 = One of the PORTS inputs changed (Software must end the mismatch condttion) 
O = None of the PORTS inputs have changed 

bit 6: TMR31F: Timer3 Interrupt Flag bit 
If Capture1 is enabled (CA1/PR3 = 1) 
1 = Timer3 overflowed 
0 = Timer3 did not overflow 

If Capture! is disabled (CA1fr.'R3 = O) 
1 = Timer3 value has rolled over to OOOOh from equalling the period register (PR3H:PR3L) value 
O = Timer3 value has not rolled over to OOOOh from equalling the period register (PR3H:PR3L) value 

bit 5: TMR21F: Timer2 Interrupt Flag bit 
1 = Timer2 value has rolled over to OOOOh from equalling the period register (PR2) value 
O = Timer2 value has not rolled over to OOOOh from equalling the period register (PR2) value 

bit 4: TMR11F: Timer1 Interrupt Flag bit 
If Timer1 is in 8-bit mode (T16 = O) 
1 = Timer1 value has rolled over to OOOOh from equalling the period register (PR) value 
O = Timer1 value has not rolled over to OOOOh from equalling the period register (PR2) value 

If Timer1 is in 16-bit mode (T16 = 1) 
1 = TMR1 :TMR2 value has rolled over to OOOOh from equalling the period register (PR1 :PR2) value 
0 = TMR1 :TMR2 value has not rolled over to OOOOh from equalling the period register (PR1 :PR2) value 

bit 3: CA21F: Capture2 Interrupt Flag bit 
1 =Capture event occurred on RS1/CAP2 pin 
0 =Capture event did not occur on RS1/CAP2 pin 

bit 2: CA11F: Capture1 Interrupt Flag bit 
1 =Capture event occurred on RBO/CAP1 pin 
O =Capture event did not occur on RSO/CAP1 pin 

bit 1: TXIF: SCI Transmit Interrupt Flag bit 
1 =Transmit buffer is empty 
0 =Transmit buffer is full 

bit 0: RCIF: SCI Receive Interrupt Flag bit 
1 = Receive buffer is full 
0 = Receive buffer is empty 
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5.4 Interrupt Operation 

Global Interrupt Disable bit, GUNTO (CPUSTA<4>), 
enables all unmasked interrupts (if clear) or disables all 
interrupts (ff set). Individual interrupts can be disabled 
through their corresponding enable bits in the INTSTA 
register. Peripheral interrupts need either the global 
peripheral enable PEIE bit disabled, or the specific 
peripheral enable bit disabled. Disabling the peripher
als via the global peripheral enable bit, disables all 
peripheral interrupts. GLINTD is set on reset (interrupts 
disabled). 

The RETFIE instruction allows returning from interrupt 
and re-enable interrupts at the same time. 

When an interrupt is responded to, the GLINTD bit is 
automatically set to disable any further interrupt, the 
return address is pushed onto the stack and the PC is 
loaded with interrupt vector. There are four interrupt 
vectors to reduce interrupt latency. 

The peripheral interrupt vector has multiple interrupt 
sources. Once in the peripheral interrupt service rou
tine, the source(s) of the interrupt can be determined by 
polling the interrupt flag bits. The peripheral interrupt 
flag bit(s) must be cleared in software before re
enabling interrupts to avoid continuous interrupts. 

The PIC17C4X devices have 4 interrupt vectors. These 
vectors and their hardware priority are shown in 
Table 5-1. II two enabled interrupts occur "at the same 
time", the interrupt of the highest priority will be ser
viced first. This means that the vector address of that 
interrupt will be loaded into the program counter (PC). 

TABLE 5-1: INTERRUPT VECTORS/ 
PRIORITIES 

Address Vector Priority 

0008h External Interrupt on RAO/ 1 (Highest) 
INT pin (INTF) 

0010h TMRO overflow interrupt 2 
(TOIF) 

0018h External Interrupt on TOCK! 3 
(TOCKIF) 

0020h Peripherals (PEIF) 4 (Lowest) 

© 1995 Microchip Technolo~y Inc. 

PIC17C4X 

• 

DS30412A-page 2-847 



PIC17C4X 

5.5 INT Interrupt 

The external interrupt on the RAO/INT pin is edge trig
gered. Either the rising edge, if INTEDG bit 
(TOSTA<7>) is set, or the falling edge, if INTEDG bit is 
clear. When a valid edge appears on the RAO/INT pin, 
the INTF bit (INTSTA<4>) is set. This interrupt can be 
disabled by clearing the INTE control bit (INTSTA<O>). 
The INT interrupt can wake the processor from SLEEP. 
See Section 14.4 for details on SLEEP operation. 

5.6 TMRO Interrupt 

An overflow (FFFFh-t OOOOh) in TMRO will set the TOIF 
(INTSTA<5>) bit. The interrupt can be enabled/dis
abled by setting/clearing the TOIE control bit 
(INTSTA<1 >). For operation of the TMRO module, see 
Section 11.0. 

5.7 TOCK! Interrupt 

The external interrupt on the RA1/TOCKI pin is edge 
triggered. Either the rising edge, if the TOSE bit 
(TOSTA<6>) is set, or the falling edge, if the TOSE bit is 
clear. When a valid edge appears on the RA1/TOCKI 
pin, the TOCKIF bit (INTSTA<6>) is set. This interrupt 
can be disabled by clearing the TOCKIE control bit 
(INTSTA<2>). The TOCK! interrupt can wake up the 
processor from SLEEP. See Section 14.4 for details on 
SLEEP operation. 

5.8 Peripheral Interrupt 

The peripheral interrupt flag indicates that at least one 
of the peripheral interrupts occurred (PEIF is set). The 
PEIF bit is a read only bit, and is a bit wise OR of all the 
flag bits in the PIR register AND'ed with the corre
sponding enable bits in the PIE register. Some of the 
peripheral interrupts can wake the processor from 
SLEEP. See Section 14.4 for details on SLEEP opera
tion. 

FIGURE 5-5: INT PIN /TOCK! PIN INTERRUPT TIMING 

RAO/INT or: £.A ft , ( 
RA1!TOCKl~1 ---"'"""";/ ~~-----------,~/•>---------------~ 

INTF or' ~r 
TOCKIF ~. ----~ 

GLINTD ~---~----~------' 

PC ~ PC~~---~ PC +1 : X Addr (Vector) yy ~ YY+1 ~ PC+1 

System Bus_• ~'~~-~~~~~---·~,~-~~.~~-~"'"""~'--~,~~--~~~"---
PC lnst(PC) Add• Inst (PC'i-1) Instruction' 

Fetched ~. ~ ·~~~~~ ~~ 
Addr Inst PC\.1 Add lnst(YY+'1) 

Instruction I x executed "~· ---~ lnst(PC) x Dummy x Dummy q~ x RETFIE x Dummy 
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5.9 ~xt Saving During Interrupts 

During an interrupt, only the returned PC value is saved 
on the stack. Typically, users may wish to save key reg
isters during an interrupt; e.g. WREG, ALU STA and the 
BSR registers. This requires implementation in soft
ware. 

Example 5-1 shows the saving and restoring of infor
mation for an interrupt service routine. The PUSH and 
POP routines could either be in each interrupt service 
routine or could be subroutines that were called. 
Depending on the application, other registers may also 
need to be saved, such as PCLATH. 

EXAMPLE 5-1: SAVING STATUS ANDWREG IN RAM 

The addresses that are used to store the CPUSTA and WREG values 
must be in the data memory address range of 18h - lFh. Up to 
8 locations can be saved and restored using 
the MOVFP instruction. This instruction neither affects the status 
bits, nor corrupts the WREG register. 

PUSH MOVFP WREG, TEMP_W 
MOVFP ALUSTA, TEMP_STATUS 
MOVFP BSR, TEMP_BSR 

ISR 

POP MOVFP TEMP_W, WREG 
MOVFP TEMP_STATUS, ALUSTA 
MOVFP TEMP_BSR, BSR 
RETFIE 

© 1995 Microchip Technology Inc. 

Save WREG 
Save ALUSTA 
Save BSR 

This is the interrupt service routine 

Restore WREG 
Restore ALUSTA 
Restore BSR 
Return from Interrupts enabled 
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Notes: 
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6.0 MEMORY ORGANIZATION 
There are two memory blocks in the PIC17C4X; pro
gram memory and data memory. Each block has its 
own bus, so that access to each block can occur during 
the same oscillator cycle. 

The data memory can further be broken down into Gen
eral Purpose RAM and the Special Function Registers 
(SFRs). The operation of the SFRs that control the 
"core" are described here. The SFRs used to control 
the peripheral modules are described in the section dis
cussing each individuai peripheral module. 

6.1 Program Memory Organization 

PIC17C4X devices have a 16-bit program counter 
capable of addressing a 64K x 16 program memory 
space. The reset vector is at OOOOh and the interrupt 
vectors are at OOOBh, 0010h, 0018h, and 0020h 
(Figure 6-1). 

6.1.1 PROGRAM MEMORY OPERATION 

The PIC17C4X can operate in one of four possible 
program memory configurations. The configuration is 
selected by two configuration btts. The possible modes 
are: 

• Microprocessor 
• Microcontroller 
• Extended Microcontroller 
• Protected Microcontroller 

The microcontroller and protected microcontroller 
modes only allow internal execution. Any access 
beyond the program memory reads unknown data. 
The protected microcontroller mode also enables the 
code protection feature. 

The extended microcontroller mode accesses both the 
internal program memory as well as external program 
memory. Execution automatically swttches between 
internal and external memory. The 16-bits of address 
allow a program memory range of 64K-words. 

The microprocessor mode only accesses the external 
program memory. The on-chip program memory is 
ignored. The 16-btts of address allow a program mem
ory range of 64K-words. Microprocessor mode is the 
default mode of an unprogrammed device. 

The different modes allow different access to the con
figuration bits, test memory, and boot ROM. Table 6-1 
lists which modes can access which areas in memory. 
Test Memory and Boot Memory are not required for 
normal operation of the device. Care should be taken to 
ensure that no unintended branches occur to these 
areas. 
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FIGURE 6-1: PROGRAM MEMORY MAP 
AND STACK 

PC<15:0> 

CALL, RETURN 
RETFIE, RETLW 

16 

Stack Level 1 

Stack Level 16 

r Reset Vector 

INT Pin lnterru t Vector 

TimerO lnterru t Vector 

TOCKI Pin lnterru t Vector 

Peri heral lnterru t Vector 

c:-
0 
E 

"' :::; "' c: 0 

~[ Reserved 
~en PM1 ::) 
O> Reserved 'E PM2:j: 0 
() 

Reserved 

Test EPROM 

Boot ROM 

0010h 

0018h 

0020h 
0021h 

7FFh 
(17C42) 

FFFh 
(17C43) 

1FFFh 
(17C44) 

FDFFh 
FEOOh 

FE01h 
FE02h 
FE03h 
FE04h 
FE05h 
FE06h 
FE07h 

FEOSh 
FE09h 

FEOFh 
FE10h 

FF5Fh 
FF60h 

FFFFh 

t User memory space may be internal, external, or 
both. The memory configuration depends on the 
processor mode. 

:j: This location is reserved for the PIC17C42. 
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TABLEG-1: MODE MEMORY ACCESS 

Operating Internal Configuration Bits, 

The PIC17C4X can operate in modes where the pro
gram memory is off-chip. They are the microprocessor 
and extended microcontrolier modes. The micropro
cessor mode is the default for an unprogrammed 
device. 

Mode Program 
Memory 

Microprocessor No Access 

Microcontroller Access 

Extended Access Microcontroller 

Protected Access Microcontroller 

Test Memory, 
Boot ROM 

No Access 

Access 

No Access 

Access 

Regardless of the processor mode, data memory is 
always on-chip. 

FIGURE 6-2: MEMORY MAP IN DIFFERENT MODES 

Microprocessor Extended Microcontroller 
Mode Microcontroller Modes 

17C42 
Mode 

0000 0000 0000 

~~if~~ 
Program 

07FF 
Memory 07FF 

Lil 0800 
~ External 0800 

Program CJ) 

Memory ~ External a: 
Program G 
Memory ~ 

a. 

FFFF 
FFFF 

OFF.CHIP ON-CHIP OFF-CHIP ON-CHIP OFF-CHIP ON-CHIP 

:o :o :o UJ 
(.) 

~ 
CJ) 

~ < 
OFF.CHIP ON-CHIP OFF.CHIP ON-CHIP OFF-CHIP ON-CHIP 0 

17C43/ 0000 0000 0000 
17C44 ~~if~~ 

OFFF/1FFF 
Program 
Memory OFFF/1FFF 

1000'2000 
External 1000/ Lil 
Program 2000 ~ Memory 

External 
CJ) 

Program 
::;; 
< 

Memory a: 
G 

~ 
FFFF a. 

FFFF 

OFF.CHIP ON-CHIP OFF-CHIP ON-CHIP OFF-CHIP ON-CHIP 

®D ®D ®D 120 120 120 Lil 

FF 1FFD FF 1FFD FF 1FFD 

(.) 

~ 
CJ) 

~ 
OFF.CHIP ON-CHIP OFF-CHIP ON.CHIP OFF.CHIP ON-CHIP 0 
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6.1.2 EXTERNAL MEMORY INTERFACE 

When either microprocessor or extended microcontrol
ler mode is selected, PORTC, PORTO and PORTE 
are configured as the system bus. PORTC and 
PORTO are the multiplexed address/data bus and 
PORTE is for the control signals. External components 
are needed to demultiplex the address and data. This 
can be done as shown in Figure 6-4. The waveforms 
of address and data are shown in Figure 6-3. For com
plete timings, please refer to the electrical specification 
section. 

FIGURE 6-3: EXTERNAL PROGRAM 
MEMORY ACCESS 
WAVEFORMS 

AD:---C:=)::::::==::::{-~C::::JC====:::=:J-
<15'0>: Address out Data in Address out Data out 

ALE' 

OE, '1' 
WR. 

Read cycle Write eye!~ 

PIC17C4X 

As the speed of the processor increases, external 
EPROM memory with faster access time must be 
used. Table 6-2 lists external memory speed require
ments for a given PIC17C4X device frequency. 

In extended microcontroller mode, when the device is 
executing out of internal memory, the control signals 
will continue to be active. That is, they indicate the 
action that is occurring in the internal memory. The 
external memory access is ignored. 

TABLE 6-2: 

PIC17C4X 
Oscillator 
Frequency 

8MHz 

16 MHz 

20MHz 

25 MHz 

EPROM MEMORY ACCESS 
TIME ORDERING SUFFIX t 

EPROM Suffix 
Instruction 

Cycle PIC17C43 
Time (TCY) PIC17C42 PIC17C44 

500ns -25 -25 

250ns -12 -15 

200 ns -90 -10 

160 ns N.A. -70 

t This selection is for use with Microchip EPROMs. 
For intertacing to other manufacturers memory, 
please refer to the electrical specifications of the 
desired PIC17C4X device, as well as the desired 
memory device to ensure compatibility. 

FIGURE 6-4: TYPICAL EXTERNAL PROGRAM MEMORY CONNECTION DIAGRAM 

AD<15:0> 

AD<7:0> 

PIC17C4X 

AD<15:8> 

ALE 

l/Ot 

Memory 
(MSB) 

AO - Ax 

D7 - DO 

cr: 
Of WiH 

Memory 
(LSB) 

AO - Ax 

D7 - DO 

cr 
OE: WR":j: 

<5"r 1--~~~~~~~~~~~~~~~~~+-~+-~~~~~~ 

WR i--~~~~~~~~~~~~~~~~~~-+-~~~~~~~~ 

t Use of 1/0 pins is only required for paged memory. 
:j: This signal is unused for ROM and EPROM devices. 
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6.2 Data Memory Organization 

Data memory is partitioned into two areas. The first is 
the General Purpose Registers (GPR) area, while the 
second is the Special Function Registers (SFR) area. 
The SFRs control the operation of the device. 

Portions of data memory are banked, this is for both 
areas. The GPR area is banked to allow greater than 
232 bytes of general purpose RAM. SFRs are for the 
registers that control the peripheral functions. Banking 
requires the use of control bits for bank selection. 
These control bits are located in the Bank Select Reg
ister (BSR). If an access is made to a location outside 
this banked region, the BSR bits are ignored. 
Figure 6-5 shows the data memory map organization 
for the PIC17C42 and Figure 6-6 forthe PIC17C43 and 
PIC17C44 devices. 

Instructions MOVPF and MOVFP provide the means to 
move values from the peripheral area ("P") to any loca
tion in the register file ("P'), and vice-versa. The defini
tion of the "P" range is from Oh to 1 Fh, while the "F" 
range is Oh to FFh. The "P" range has 8 more locations 
than peripheral registers (6 locations for the PIC17C43 
and PIC17C44 devices)which can be used as General 
Purpose Registers. This can be useful in some applica
tions where variables need to be copied to other loca
tions in the general purpose RAM (such as saving 
status information during an interrupt). 

The entire data memory can be accessed either directly 
or indirectly through file select registers FSRO and 
FSR1 (see Section 6.4). Indirect addressing uses the 
appropriate control bits of the BSR for accesses into 
the banked areas of data memory. The BSR is 
explained in greater detail in Section 6.8. 
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6.2.1 GENERAL PURPOSE REGISTER (GPR) 

All devices have some amount of. GPR area. The GP Rs 
are 8-bits wide. When the GPR area is greater than 
232, it must be banked to allow access to the additional 
memory space. 

Only the PIC17C43 and PIC17C44 devices have 
banked memory in the GPR area. To facilitate switching 
between these banks, the MOVLR bank instruction has 
been added to the instruction set. GPRs are not initial
ized by a POR reset and are unchanged on all other 
resets. 

6.2.2 SPECIAL FUNCTION REGISTERS (SFR) 

The SFRs are used by the CPU and peripheral func
tions to control the operation of the device (see 
Figure 6-5 and Figure 6-6). These registers are static 
RAM. 

The SFRs can be classified into two sets, those associ
ated with the "core" function and those related to the 
peripheral functions. Those registers related to the 
"core" are described here, while those related to a 
peripheral feature are described in the section for each 
peripheral feature. 

The peripheral registers are in the banked portion of 
memory, while the core registers are in the unbanked 
region. To facilitate switching between the peripheral 
banks, the MOVLB bank instruction has been provided. 
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FIGURE 6-5: PIC17C42 REGISTER FILE 
MAP 

Addr Unbanked 

OOh INDFO 

01h FSRO 

02h PCL 

03h PC LATH 

04h ALUSTA 

05h TOSTA 

06h CPUSTA 

07h INTSTA 

OBh INDF1 

09h FSR1 

OAh WREG 

OBh TMROL 

OCh TM ROH 

ODh TBLPTRL 

OEh TBLPTRH 

OFh BSA 

Banko Bank 1 1 Bank2 1 Bank3 1 

10h PORTA DDRC TMR1 PW1DCL 

11h DDRB PORTC TMR2 PW2DCL 

12h PORTS DDRD TMR3L PW1DCH 

13h RCSTA PORTO TMR3H PW2DCH 

14h RC REG DDRE PR1 CA2L 

15h TXSTA PORTE PR2 CA2H 

16h TXREG PIA PR3UCA1L TCON1 

17h SPBRG PIE PR3H/CA1H TCON2 

1Bh 

;~~ General 
Purpose 

RAM 

FFh 

Note 1: SFR file locations 1 Oh - 17h are banked. All 
other SFRs ignore the Bank Select Register 
(BSR) bits. 

© 1995 Microchip Technology Inc. 
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FIGURE 6-6: PIC17C43 AND PIC17C44 
REGISTER FILE MAP 

Addr Unban keel 

OOh INDFO 

01h FSRO 

02h PCL 

03h PCLATH 

04h ALU STA 

05h TOSTA 

06h CPUSTA 

07h INTSTA 

08h INDF1 

09h FSR1 

OAh WREG 

OBh TMROL 

OCh TM ROH 

ODh TBLPTRL 

OEh TBLPTRH 

OFh BSA 

Banko Bank 1 1 Bank2 1 Bank3 1 

10h PORTA DDRC TMR1 PWtDCL 

11h DDRB PORTC TMR2 PW2DCL 

12h PORTS DDRD TMR3L PW1DCH 

13h RCSTA PORTO TMR3H PW2DCH 

14h RC REG DDRE PR1 CA2L 

15h TXSTA PORTE PR2 CA2H 

16h TXREG PIA PR3UCA1L TCON1 

17h SPBRG PIE PR3H/CA1H TCON2 

18h PRODL 

19h PRODH 

1Ah 

;~~ 
General 
Purpose General 

Purpose 
RAM 2 

RAM 2 

FFh 

Note 1 : SFR file locations 1 Oh - 17h are banked. All 
other SFRs ignore the Bank Select Register 
(BSR) b~s. 

2: General Purpose Registers (GPR) locations 
20h - FFh and 120h - 1 FFh are banked. All 
other GPRs ignore the Bank Select Register 
(BSR) bits. 
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TABLE 6-3: SPECIAL FUNCTION REGISTERS 

Value on Value on all 
Address Name Bit 7 Bit6 Bit5 Bit4 Bit3 Bil2 Bit 1 Bit 0 Power-On other 

Reset resets 3 

Un banked 

OOh INDFO Uses contents of FSRO to address data memory (not a physical register) ---- ---- ---- ----
01h FSRO Indirect data memory address pointer 0 xxxx xxxx uuuu uuuu 

02h PCL Low order 8-bits of PC DODO DODO DODO ODDO 

03h PCLATH 1 Holding register for upper 8-bits of PC xxxx xxxx uuuu uuuu 

04h ALUSTA FS3 FS2 FS1 FSO ov z DC c 1111 xxxx 1111 uuuu 

OSh TOSTA INTEDG TOSE TOGS PS3 PS2 PS1 PSO - 0000 000- 0000 000-

06h CPUSTA 2 - - STKAV GUNTO TO PD - - --11 11-- --11 ??--

07h INTSTA PEIF TOCKIF TOIF INTF PEIE TOCKIE TOIE INTE 0000 0000 0000 0000 

08h INDF1 Uses contents of FSR1 to address data memory (not a physical register) ---- ---- ---- ----
09h FSR1 Indirect data memory address pointer 1 xxxx xxxx uuuu uuuu 

OAh WREG Working register xxxx xxxx uuuu uuuu 

OBh TMROL TimerO low byte xxxx xxxx uuuu uuuu 

OCh TM ROH TimerO high byte xxxx xxxx uuuu uuuu 

ODh TBLPTRL Low byte of program memory table pointer Note 4 Note 4 

OEh TBLPTRH High byte of program memory table pointer Note 4 Note 4 

OFh BSR Bank select register DODO DODO 0000 ODDO 

Banko 

10h PORTA RBPO - RAS RA4 RA3 RA2 RA1/TOCKI RAO/INT 0-xx xxxx 0-uu uuuu 

11h DDRB Data direction register for PORTS 1111 1111 1111 1111 

12h PORTS PORTB data latch xxxx xxxx uuuu uuuu 

13h RCSTA SPEN RC8/9 SREN GREN - FERR OERR RCD8 0000 -oox 0000 -OOu 

14h RCREG Serial port receive register xxxx xxxx uuuu uuuu 

1Sh TXSTA CSRC TX8/9 TXEN SYNC - - TRMT TXD8 0000 --lx 0000 --lu 

16h TXREG Serial port transmit register xxxx xxxx uuuu uuuu 

17h SPBRG Baud rate generator register xxxx xxxx uuuu uuuu 

Bank1 

10h DDRC Data direction register for PORTC 1111 1111 1111 1111 

11h PORTC RC7/ RC6/ RCS/ RC4/ RC3/ RC2/ RC1/ RCO/ 
xxxx xxxx 

AD7 AD6 ADS AD4 AD3 AD2 AD1 ADO uuuu uuuu 

12h DDRD Data direction register for PORTO 1111 1111 1111 1111 

13h PORTO RD7/ RD6/ RDS/ RD4/ RD3/ RD2/ RD1/ RDO/ 
AD1S AD14 AD13 AD12 AD11 AD10 AD9 ADS xxxx xxxx uuuu uuuu 

14h DORE Data direction register for PORTE ---- -111 ---- -111 

1Sh PORTE - - - - - RE2/WR RE1/0E REO/ALE ---- -xxx ---- -uuu 

16h PIA RBIF TMR31F TMR21F TMR11F CA21F CA11F TXIF RCIF 0000 0010 0000 0010 

17h PIE RBIE TMR31E TMR21E TMR11E CA21E CA11E TXIE RCIE 0000 0000 0000 DODO 
.. 

Legend: x = Unknown, u = Unchanged, - = Unimplemented, reads as 'O', ? - Value depends on cond1t1on. 
Note t: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for PC<1 S:8> whose contents are updated 

from or transferred to the upper byte of the program counter. 
2: The TO and PD status bits in CPUSTA are not affected by a MCLR reset. 
3: Other (non power-up} resets include: external reset through MCLR and the Watchdog Timer time-out reset. 
4: The following values are for both TBLPTRL and TBLPTRH: 

PIC17C42 (Power-On Reset xxxx xxxx) and (All other resets uuuu uuuu) 
PIC17C43/PIC17C44 (Power-On Reset ODDO 0000) and (All other resets DODD DODD) 
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TABLE 6-3: SPECIAL FUNCTION REGISTERS (CONT.) 

Value on Value on all 
Address Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 BitO Power-On other 

Reset resats 3 

Bank2 

10h TMR1 Timer1 xxxx xxxx uuuu uuuu 

11h TMR2 Timer2 xxxx xxxx uuuu uuuu 

12h TMR:ll Timer3 low byte xxxx xxxx uuuu uuuu 

13h TMR3H Timer3 high byte xxxx xxxx uuuu uuuu 

14h PR1 Timer1 period register xxxx xxxx uuuu uuuu 

15h PR2 Timer2 period register xxxx xxxx uuuu uuuu 

16h PR3UCA1L Timer3 period register, low byte/capture1 register, low byte xxxx xxxx uuuu uuuu 

• 17h PR3H/CA1H Timer3 period register, high byte/capture1 register, high byte xxxx xxxx uuuu uuuu 

Bank3 

10h PW1DCL DC1 DCO xx-- uu--

11h PW2DCL DC1 oco TM2PW2 xxO- uuO-

12h PW1DCH DC9 DCB DC7 DC6 DCS DC4 DC3 DC2 xxxx xxxx uuuu uuuu 

13h PW2DCH DC9 DCB DC7 DC6 DCS DC4 DC3 DC2 xxxx xxxx uuuu uuuu 

14h CA2L Capture2 low byte xxxx xxxx uuuu uuuu 

15h CA2H Capture2 high byte xxxx xxxx uuuu uuuu 

16h TCON1 CA2ED1 CA2EDO CA1ED1 CA1EDO T16 TMR3CS TMR2CS TMR1CS 0000 0000 0000 0000 

17h TCON2 CA20VF CA10VF PWM20N PWM10N CA1/PR3 TMR30N TMR20N TMR10N 0000 0000 0000 0000 

Unbanked 

Legend: x = Unknown, u = Unchanged, • = Unimplemented, reads as 'O', ? . Value depends on condition. 
Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for PC<15:8> whose contents are updated 

from or transferred to the upper byte of lhe program counter. 
2: The TO and J50 status bits in CPUSTA are not affected by a rem reset. 
3: Other (non power-up) resets include: external reset through MCJ:R" and lhe Watchdog Timer time-out resat 
4: These values areforlhe PIC17C43and the PIC17C44 only. 

© 1gg5 Microchip Technology Inc. DS30412A-page 2-857 



PIC17C4X 

6.2.2.1 ALU STATUS REGISTER (ALUSTA) 

The ALUSTA register contains the status bits of the 
Arithmetic and Logic Unit and the mode control bits for 
the indirect addressing register. 

As with all the other registers, the ALUSTA register can 
be the destination for any instruction. If the ALUSTA 
register is the destination for an instruction that affects 
the Z, DC or C bits, then the write to these three bits is 
disabled. These bits are set or cleared according to the 
device logic. Therefore, the result of an instruction with 
the ALUSTA register as destination may be different 
than intended. 

For example, CLRF ALUSTA will clear the upper four 
bits and set the Z bit. This leaves the status register as 
OOOOuluu (where u =unchanged). 

It is recommended, therefore, that only BCF, BSF, 
SWAPF and MOVWF instructions be used to alter the sta
tus registers because these instructions do not affect 
any status bit. To see how other instructions affect the 
status bits, see the "Instruction Set Summary". 

Arithmetic and Logic Unit (ALU) is capable of carrying 
out arithmetic or logical operations on two operands or 
a single operand. All single operand instructions oper
ate either on the WREG register or a file register. For 
two operand instructions, one of the operands is the 
WREG register and the other one is either a file register 
or an 8-bit immediate constant. 

FIGURE 6-7: ALUSTA REGISTER (ADDRESS: 04H, UNBANKED) 

R/W-1 R/W-1 R/W-1 R/W-1 R/W-x 
I FS3 I FS2 I FS1 I FSO I ov I 
bit? 

bit 7-6: FS3:FS2: FSR1 Mode Select bits 
00 = Post auto-decrement FSR1 value 
01 = Post auto-increment FSR1 value 
1x = FSR1 value does not change 

bit 5-4: FS1 :FSO: FSRO Mode Select bits 
00 = Post auto-decrement FSRO value 
01 = Post auto-increment FSRO value 
1x = FSRO value does not change 

bit 3: OV: Overflow bit 

R/W-x R/W-x R/W-x 
z DC I c I 

bitO 

R = Readable bit 
W = Writable bit 
-n = Value at POR reset 

(x = unknown) 

This bit is used for signed arithmetic. It indicates an overflow of the 7-bit magnitude, which causes the 
sign bit (bit?) to change state. 
1 =Overflow occurred for signed arithmetic, (in this arithmetic operation) 
O =No overflow occurred 

bit 2: Z: Zero bit 
1 =The result of an arithmetic or logic operation is zero 
O =The results of an arithmetic or logic operation is not zero 

bit 1: DC: Digit carry/borrow bit 
For ADDWF and ADDLW instructions. 
1 =A carry-out from the 4th low order bit of the result occurred 
0 =No carry-out from the 4th low order bit of the result 
Note: For borrow the polarity is reversed. 

bit 0: C: carry/borrow bit 
For ADDWF 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 
(RRCF, RLCF) 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 polarity is reversed. 
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6.2.2.2 CPU STATUS REGISTER (CPUSTA) 

The CPUSTA register contains the status and control 
bits for the CPU. This register is used to globally 
enable/disable interrupts. If only a specific interrupt is 
desired to be enabled/disabled, please refer to the 
INTerrupt STAtus (INTSTA) register and the Peripheral 
Interrupt Enable (PIE) register. This register also indi
cates H the stack is available and contains the Power 
Down (PD) and Time-Out (TO) bits. The TO, J51J, and 
STKAV bits are not writable. These bits are set or 
cleared according to device logic. Therefore, the result 
of an instruction with the CPUSTA register as destina
tion may be different than intended. 

FIGURE 6-8: CPUSTA REGISTER (ADDRESS: 06H, UNBANKED) 

U-0 U-0 R-1 R/W-1 R-1 R - 1 U-0 U-0 
I STKAV I GUNTO I TO 

bit? bitO 

bit 7-6: Unimplemented, reads as 'O' 

bit 5: STKAV: Stack Available bit 

PIC17C4X 

R = Readable bit 
W = Writable bit 
U = Unimplemented bit, 

Read as 'O' 
- n = Value at POR reset 

This bit indicates that the 4-bit stack pointer value is Fh, or has rolled over from Fh~ Oh (stack overflow). 
1 = Stack is available 
o =Stack is full, or a stack-overflow may have occurred (Once this bit has been cleared by a 

stack overflow, only a device reset will set this bit) 

bit 4: GLINTD: Global Interrupt Disable bit 
This bit disables all interrupts. When enabling interrupts, only the sources with their enable bits set can 
cause an interrupt. 
1 = Disable all interrupts 
0 = Enables all un-masked interrupts 

bit 3: TO: WOT Time-Out status bit 
1 =After power-up or by a CLRWDT instruction 
0 = A Watchdog Timer time-out occurred 

bit 2: PD: Power Down status bit 
1 =After power-up or by the CLRWDT instruction 
0 = By execution of the SLEEP instruction 

bit 1-0: Unimplemented, reads as 'O' 
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6.2.2.3 TMRO STATUS/CONTROL REGISTER 
(TOSTA) 

This register contains various control bits. One bit is 
used to control the edge upon which a signal on the 
RAO/INT pin will set the INT interrupt flag. The other bits 
(shaded) configure the limerO prescaler and clock 
source. These shaded bits are described in 
Figure 11-1. 

FIGURE 6-9: TOSTA REGISTER (ADDRESS: 05H, UNBANKED) 

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 U-0 

bit7 

bit 7: INTEDG: INT Pin Interrupt Edge Select bit 
This bit selects the edge upon which the interrupt is detected. 
1 = Rising edge of RAO/INT pin generates interrupt 
O = Falling edge of RAO/INT pin generates interrupt 

bit 6: TOSE: TimerO Clock Input Edge Select bit 
This bit selects the edge upon which TMRO will increment. 
WhenTOCS=O 

bitO 

R = Readable bit 
W = Wrltable bit 
U = Unimplemented, 

reads as 'O' 
-n = Value at POR reset 

1 =Rising edge of RA1/TOCKI pin increments limerO and/or generates a TOCKIF interrupt 
O =Falling edge of RA1/TOCKI pin increments limerO and/or generates a TOCKIF interrupt 
WhenTOCS= 1 
Don't care 

bit 5: TOCS: limerO Clock Source Select bit 
This bit selects the clock source for TMRO. 
1 = Internal instruction clock cycle (Tcv) 
0 =TOCKI pin 

bit 4-1: PS3:PSO: limerO Prescale Selection bits 
These bits select the prescale value for TMRO. 

PS3:PSO 

0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
lxxx 

Prescale Value 

1 :1 
1:2 
1:4 
1:8 

1:16 
1:32 
1:64 
1:128 
1:256 

bit 0: Unimplemented: reads as 'O' 
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6.3 Stack Operation 

The PIC17C4X devices have a 16 x 16-bit wide hard
ware stack (see Figure 6-1). The stack is not part of 
either the program or data memory space, and the 
stack pointer is neither readable nor writable. The PC is 
"PUSHed" onto the stack when a CALL instruction is 
executed or an interrupt is acknowledged. The stack is 
"POPed'' in the event of a RETURN, RETLW, or a RET

FIE instruction execution. PCLATH is not affected by a 
"PUSH" or a "POP" operation. 

The stack operates as a circular buffer, with the stack 
pointer initialized to 'O' after all resets. There is a stack 
available bit (STKAV) to allow software to ensure that 
the stack has not overflowed. The STKAV bit is set after 
a device reset. When the stack pointer equals Fh, 
STKAV is cleared. When the stack pointer rolls over 
from Fh to Oh, the STKAV bit will be held clear until a 
device reset. 

After the device is "PUSHed" sixteen times (without a 
"POP'1, the seventeenth push overwrites the value 
from the first push. The eighteenth push overwrites the 
second push (and so on). 

© 1995 Microchip Technology Inc. 
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6.4 Indirect Addressing 

Indirect addressing is a mode of addressing data 
memory where the data memory address in the 
instruction is not fixed. That is, the register that is to be 
read or written can be modified by the program. This 
can be useful for data tables in the data memory. 
Figure 6-1 O shows the operation of indirect address
ing. This shows the moving of the value to the data 
memory address specified by the value of the FSR 
register. 

Example 6-1 shows the use of indirect addressing to 
clear RAM in a minimum number of instructions. A sim
ilar concept could be used to move a defined number 
of bytes (block) of data to the SCI transmit register 
(TXREG). The starting address of the block of data to 
be transmitted could easily be modified by the pro
gram. 

FIGURE 6-10: INDIRECT ADDRESSING 

Instruction 
Executed 

Instruction 
Fetched 
~~~~~~~~~~ 

Opcode FSA 

RAM 
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6.4.1 INDIRECT ADDRESSING REGISTERS 

The PIC17C4X has lour registers for indirect address
ing. These registers are: 

• INDFO and FSRO 
• INDF1 and FSR1 

Registers INDFO and INDF1 are not physically imple
mented. Reading or writing to these registers activates 
indirect addressing, with the value in the correspond
ing FSR register being the address of the data. The 
FSR is an 8-bit register and allows addressing any
where in the 256-byte data memory address range. 
For banked memory, the bank of memory accessed is 
specified by the value in the BSR. 

If file INDFO (or INDF1) itself is read indirectly via an 
FSR, all 'O's are read (Zero bit is set). Similarly, if 
INDFO (or INDF1) is written to indirectly, the operation 
will be equivalent to a NOP, and the status bits are not 
affected. 

6.4.2 INDIRECT ADDRESSING OPERATION 

The indirect addressing capability has been enhanced 
over that of the PIC16CXX family. There are two con
trol bits associated with each FSR register. These two 
bits configure the FSR register to: 

• Auto-decrement the value (address) in the FSR 
after an indirect access 

• Auto-increment the value (address) in the FSR 
after an indirect access 

• No change to the value (address) in the FSR after 
an indirect access 

These control bits are located in the ALUSTA register. 
The FSR1 register is controlled by the FS3:FS2 bits 
and FSRO is controlled by the FS1 :FSO bits. 

When using the auto-increment or auto-decrement 
features, the effect on the FSR is not reflected in the 
ALUSTA register. For example, if the indirect address 
causes the FSR to equal 'O', the Z bit will not be set. 

If the FSR register contains a value of Oh, an indirect 
read will read Oh (Zero bit is set) while an indirect write 
will be equivalent to a NOP (status bits are not 
affected). 

Indirect addressing allows single cycle data transfers 
within the entire data space. This is possible with the 
use of the MOVPF and MOVFP instructions, where either 
'p' or 'f' is specified as INDFO (or INDF1 ). 

If the source or destination of the indirect address is in 
banked memory, the location accessed will be deter
mined by the value in the BSR. 

DS30412A-page 2-862 

A simple program to clear RAM from 20h - FFh is 
shown in Example 6-1. 

EXAMPLE 6•1: INDIRECT ADDRESSING 
MOVLW Ox20 
MOVWF FSRO FSRO = 20h 
BCF ALUSTA, FSl Increment FSR 
BSF ALUSTA, FSO after access 
BCF ALUSTA, c c = 0 
MOVLW END_RAM + 1 

LP CLRF INDFO Addr(FSR) = 0 
CPFSEQ FSRO FSRO = END_RAM+l? 
GOTO LP NO, clear next 

YES, All RAM is 
cleared 

6-5 Table Pointer (!BLPTRL and 
TBLPTRHl 

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. For a more complete 
description of these registers and the operation of Table 
Reads and Table Writes, see Section 7.0. 

6.6 Table Latch (TBLATH. TBLATL) 

The table latch (TBLAT) is a 16-bit register, with 
TBLATH and TBLATL referring to the high and low 
bytes of the register. It is not mapped into data or pro
gram memory. The table latch is used as a temporary 
holding latch during data transfer between program and 
data memory (see descriptions of instructionsTABLRD, 
TABLWT, TLRD and TLWT). For a more complete 
description of these registers and the operation of Table 
Reads and Table Writes, see Section 7.0. 
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6.7 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. PCL 
is readable and writable just as is 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. The user can 
read or write PCH through PCLATH. 

The 16-bit wide PC is incremented after each instruc
tion fetch during 01 unless: 

• Modified by GOTO, CALL, LCALL, RETURN, RETLW, 

or RETFIE instruction 

• Modified by an interrupt response 

• Due to destination write to PCL by an instruction 

"Skips" are equivalent to a forced NOP cycle at the 
skipped address. 

© 1995 Microchip Technology Inc. 
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The operations of the PC and PCLATH for different 
instructions are as follows: 

a) LCALL instruction: 

An 8-bit destination address is provided in the 
instruction (opcode). PCLATH is unchanged. 

PCLATH -t PCH 

Opcode<7:0> -t PCL 

b) CALL, GOTO instructions: 

A 13-bit destination address is provided in the 
instruction (opcode). 

Opcode<12:0> -t PC <12:0> 

PC<15:13> -t PCLATH<7:5> 

Opcode<12:8> -t PCLATH <4:0> 

c) Read instructions on PCL: 

Any instruction that reads PCL. 

PCL -t data bus -t ALU or destination 

PCH -t PCLATH 

d) Write instructions on PCL: 

Any instruction that wrrres to PCL. 

8-bit data -t data bus -t PCL 

PCLATH -t PCH 
e) Read-Modify-Wrrre instructions on PCL: 

Any instruction that does a read-write-modify 
operation on PCL, such as ADDWF PCL . 

Read: PCL -t data bus -t ALU 
Write: 8-bit result -t data bus -t PCL 

PCLATH -t PCH 

f) RETURN instruction-
PCH -t PCLATH 

The read-modify-write only affects the PCL wrrh the 
result. PCH is loaded with the value in the PCLATH. For 
example, ADDWF PCL will result in a jump within the 
current page. If PC = 03FOh, WREG = 30h and 
PC LATH= 03h before instruction, PC= 0320h after the 
instruction. To accomplish 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, and RETFIE instructions. 

b) Interrupt vector is forced onto the PC. 

c) Read-modify-wrrre instructions on PCL (e.g. BSF 

PCL). 
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6.8 Bank Select Register (BSR) 

The BSR is used to switch between banks in the data 
memory area (see Figure 6-11). In the PIC17C42, only 
the lower nibble is implemented. While in the 
PIC17C43 and PIC17C44 devices, the entire byte is 
implemented. The lower nibble is used to select the 
peripheral register bank. The upper nibble is used to 
select the general purpose memory bank. 

All the Special Function Registers (SFRs) are mapped 
into the data memory space. In order to accommodate 
the large number of registers, a banking scheme has 
been used. A segment of the SFRs, from address 1 Oh 
to address 17h, is banked. The lower nibble of the bank 
select register (BSR) 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 necessary to switch from bank to 
bank in order to address all peripherals related to a sin
gle task. To assist this, a MOVLB bank instruction is in 
the instruction set. 

FIGURE 6-11: BSR OPERATION (PIC17C43/44) 
BSR 
7 4 3 0 

I :j: I t I 
~~ 

Address 
Range 

~ 
1 2 3 

10h D D D 17h 

Bank 1 Bank2 Bank3 

0 1 2 
20h D D I FFh 

Banko Bank 1 Bank2 

For the PIC17C43 and PIC17C44 devices, the need for 
a large general purpose memory space dictated a gen
eral purpose RAM banking scheme. The upper nibble 
of the BSR selects the currently active general purpose 
RAM bank. To assist this, a MOVLR bank instruction 
has been provided in the instruction set. 

If the currently selected bank is not implemented (such 
as Bank 13), any read will read all 'O's. Any write is com
pleted to the bit bucket and the ALU status bits will be 
set/cleared as appropriate. 

4 15 

I I SFR 
Banks 

Bank4 Bank 15 

15 

I GPR 
Banks 

Bank 15 

t Only Banks 0 thru Bank 3 are implemented. Selection of an unimplemented bank is not recommended. Bank 15 is reserved 
for Microchip use, reading of registers in this bank may cause random values to be read. 

:j: Only Banks 0 and Bank 1 are implemented. Selection of an unimplemented bank is not recommended. 
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7.0 TABLE READS AND TABLE 
WRITES 

The PIC17C4X has four instructions that allow the pro
cessor to move data from the data memory space to 
the program memory space, and vice versa. Since the 
program memory space is 16-bits wide and the data 
memory space is 8-bits wide, two operations are 
required to move 16-bit values to/from the data mem
ory. 

The TLWT t, f and TABLWT t, i, f instructions are 
used to write data from the data memory space to the 
program memory space. The TLRD t, f and TABLRD 

t, i , f instructions are used to write data from the pro
gram memory space to the data memory space. 

The program memory can be internal or external. For 
the program memory access to be external, the device 
needs to be operating in extended microcontroller or 
microprocessor mode. 

Figure 7-1 through Figure 7-4 show the operation of 
these four instructions. 

FIGURE 7-1: TLWT INSTRUCTION 
OPERATION 

TABLE POINTER 

I TBLPTRH : TBLPTRL I 
TABLE LATCH (16-bit) 

DATA 
MEMORY 

- -.- -

TLWT 

G) 

TABLATH TABLATL I 

TLWT 0, f 

PROGRAM MEMORY 

1. 8-bit value, from register 'f', loaded into the 
high or low byte in TABLAT (16-bit). 
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FIGURE 7-2: TABLWT INSTRUCTION 
OPERATION 

TABLE POINTER 

I TBLPTRH : TBLPTRL 

TABLE LATCH (16-bit) 

TABLATH TABLATL 

TABLWT l,i,f 

DATA 
MEMORY 

__ f__ 

Prog-Mem 
(TBLPTR) 

G) 

PROGRAM MEMORY 

1. 8-bit value, from register T, loaded into the 
high or low byte in TABLAT (16-bit). 

2. 16-bit TABLAT value written to address 
Program Memory (TBLPTR). 

3. If "i" = 1, then TBLPTR = TBLPTR + 1. 
If "i" = 0, then TBLPTR is unchanged. 
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FIGURE 7-3: TLRD INSTRUCTION 
OPERATION 

TABLE POINTER 

I TBLPTRH : TBLPTRL I 
TABLE LATCH (16-bit) 

I TABLATH ! TABLATL I 
'l'LRD 

DATA 
MEMORY 

::c: (!) 

'l'LRD 0, f 

PROGRAM MEMORY 

1. 8-bit value, from TABLAT (16-bit) high or low byte, 
loaded into register 'f. 
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FIGURE 7-4: TABLRD INSTRUCTION 
OPERATION 

TABLE POINTER 

I TBLPTRH ! TBLPTRL I 
TABLE LATCH (16-bit) 

I TABLATH TABLATL I 

'l'ABLRD 1, i, f 

DATA 
MEMORY 

--;- -

Prog-Mem 
(TBLPTR) 

G:> 

'l'ABLRD 0,i,f 

PROGRAM MEMORY 

.. --- .. -:- -- .. - -. 
--- .. --·- --- - - . 

1. 8-bit value, from TABLAT (16-bit) high or low byte, 
loaded into register 'f'. 

2. 16-bit value at Program Memory (TBLPTR) 
loaded into TABLAT register. · 

3. If "i" = 1, then TBLPTR = TBLPTR + 1. 
If "i" = 0, then TBLPTR is.unchanged. 
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7.1 Table Writes to Internal Memory 

A table write operation to internal memory causes a 
long write operation. The long write is necessary for 
programming the internal EPROM. Instruction execu
tion is halted while in a long write cycle. The long write 
will be terminated by any enabled interrupt. To ensure 
that the EPROM location has been well programmed, 
a minimum programming time is required (see specifi
cation #0114 ). Having only one interrupt enabled to 
terminate the long write ensures that no unintentional 
interrupts will prematurely terminate the long write. 

The sequence of events for programming an internal 
program memory location should be: 

1. Disable all interrupt sources, except the source 
to terminate EPROM program write. 

2. Raise ~PP pin to the programming volt
age. 

3. Clear the WOT. 

4. Do the table write. The interrupt will terminate 
the long write. 

5. Verify the memory location (table read). 

PIC17C4X 

7.1.1 lERMINATING LONG WRITES 

An interrupt source or reset are the only events that 
terminate a long write operation. Terminating the long 
write from an interrupt source requires that the inter
rupt enable and flag bits are set. The GLINTD bit only 
enables the vectoring to the interrupt address. 

H the TOCKI, INT, or TMRO interrupt source is used to 
terminate the long write; the interrupt flag, of the high
est priority enabled interrupt, will terminate the long 
write and automatically be cleared. 

If a peripheral interrupt source is used to terminate the 
long write, the interrupt enable and flag bits must be 
set. The interrupt flag will not be automatically cleared 
upon the vectoring to the interrupt vector address. 

H the GLINTD bit is cleared prior to the long write, 
when the long write is terminated, the program will 
branch to the interrupt vector. 

If the GLINTD bit is set prior to the long write, when the 
long write is terminated, the program will not vector to 
the interrupt address. 

TABLE 7-1: INTERRUPT -TABLE WRITE INTERACTION 

Interrupt GLINTD Enable Flag Action 
Source Bit Bit 

INT, TMRO, 0 1 1 Terminate table write, branch to interrupt vector 
TOCKI (branch clears flag bit). 

0 1 0 None 
1 0 x None 
1 1 1 Terminate table write, do not branch to interrupt 

vector (flag is automatically cleared). 

Peripheral 0 1 1 Terminate table write, branch to interrupt vector. 
0 1 0 None 
1 0 x None 
1 1 1 Terminate table write, do not branch to interrupt 

vector (flag is set). 
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7.2 Table Writes to External Memory 

Table writes to external memory are always two cycle 
instructions. The second cycle writes the data to the 
external memory location. The sequence of events for 
an external 'memory write are the same as an internal 
write. 

7.2.2 . TABLE WRITE CODE 

The "i" operand of the TABLWT instruction can specify 
that the value in the 16·bit TBLPTR register is auto· 
matically incremented for the next write. In 
Example 7-1, the TBLPTR register is not automatically 
incremented. 

EXAMPLE 7-1: TABLE WRITE 
CLRWDT Clear WDT 
MOVLW HIGH (TBL_ADDR) Load the Table 
MOVWF TBLPTRH address 
MOVLW LOW (TBL_ADDR) 
MOVWF TBLPTRL 
MOVLW HIGH (DATA) Load HI byte 
TLWT 1, WREG in TABLATCH 
MOVLW LOW (DATA) Load LO byte 
TABLWT 0,0,WREG in TABLATCH 

and write to 
program memory 
(Ext. SRAM) 

FIGURE 7-5: TABLWTWRITETIMING (EXTERNAL MEMORY) 

!~J 00 l 00 l™!~JmJooJ™!~l 00 l 00 i™!~JmJooJ™! 
I I I I I 

AD<15:0> 

Instruction , 
fetched 

Instruction 
executed 
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ALE 

OE 

TABLWT NOP1 NOP2 

INST (PC-1) , TABLWT cycle1 , TABLWT cycle2 , NOP1 

: Data write cycle • 
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FIGURE 7-6: CONSECUTIVETABLWTWRITETIMING (EXTERNAL MEMORY) 

: 011021 03104~ 011021 03104: 011021 03104~ 01102j 03104~ 011021 031 04~ 011 021 03104~ 
t I I I l I I 

AD<15:0> 

Instruction ' 
fetched TABLWT1 TABLWT2 NOP1 NOP2 

Instruction 
executp,d 

INST (PC-1) : TABLWT1 cycle1 :TABLWT1 cycle2: TABLWT2 cycle1 :TABLWT2 cycle2: 

ALE 

or 

© 1995 Microchip Technology Inc. 

: Data write cycle : : Data write cycle : 

NOP1 

DS30412A-page 2-869 

• 



PIC17C4X 

7.3 Table Reads EXAMPLE 7-2: TABLE READ 

The table read allows the program memory to be read. 
This allows constant data to be stored in the program 
memory space, and retrieved into data memory when 
needed. Example 7-2 reads the 16-bn value at pro
gram memory address TBLPTR. After the dummy byte 
has been read from the TABLATH, the TABLATH is 
loaded with the 16-bit data from program memory 
address TBLPTR + 1. The first read loads the data into 
the latch, and can be considered a dummy read 
(unknown data loaded into 'I'). INDFO should be con
figured for either auto-increment or auto-decrement. 

FIGURE 7-7: TABLRD TIMING 

Instruction 
fetched 

Instruction ' 
executed 

ALE 

'1' 

TABLRD NOP1 

INST (PC-1) : TABLRD cycle1 

MOVLW HIGH (TBL_ADDR) Load the Table 
MOVWF TBLPTRH address 
MOVLW LOW (TBL_ADDR) 
MOVWF TBLPTRL 
TABLRD 0,0,DUMMY Dummy read, 

Updates TABLATCH 
TLRD 1, INDFO Read HI byte 

of TABLATCH 
TABLRD 0,1,INDFO Read LO byte 

of TABLATCH and 
Update TABLATCH 

NOP2 

TABLRD cycle2 NOP1 

Data read cycle ' 

FIGURE 7-8: TABLRDTIMING (CONSECUTIVETABLRD INSTRUCTIONS) 

AD<15:0> 

Instruction 
fetched 

TABLRD1 TABLRD2 NOP1 NOP2 

Instruction 
executed 

INST (PC-1) : TABLRD1 cycle1: TABLRD1 cycle2: TABLRD2 eyelet: TABLRD2 cycle2: NOP1 

ALE 

OE 

' '1' 
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: Data read cycle : : Data read cycle : 
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8.0 HARDWARE MULTIPLIER 
The PIC17C43 and PIC17C44 devices have an 8 x 8 
hardware multiplier included in the ALU of the device. 
By making the multiply a hardware operation, it com
pletes in a single instruction cycle. This is an unsigned 
multiply that gives a 16-bit result. The result is stored 
into the 16-bit PRODuct register (PRODH:PRODL). 
The multiplier does not affect any flags in the ALU STA 
register. 

Making the 8 x 8 multiplier execute in a single cycle 
gives the foliowing advantages: 

• Higher computational throughput 
• Reduces code size requirements for multiply algo-

rithms 

The performance increase allows the PIC17C43 and 
PIC17C44 devices to be used in applications previ
ously reserved for Digital Signal Processors. 

Example 8-1 shows the sequence to do an 8 x 8 
unsigned multiply. Only one instruction is required 
when one argument of the multiply is already loaded in 
the WREG register. 

Example 8-2 shows the sequence to do an 8 x 8 signed 
multiply. To account for the sign bits of the arguments, 
each argument's most significant bit (MSb) is tested 
and the appropriate subtractions are done. 

EXAMPLE 8-1: 8 X 8 MULTIPLY ROUTINE 
MOVFP 
MULWF 

ARGl, WREG 
ARG2 ARGl * ARG2 -> 

PRODH:PRODL 

EXAMPLE 8·2: 8 X 8 SIGNED MULTIPLY 
ROUTINE 

MOVFP ARGl, WREG 
MULWF ARG2 ARGl * ARG2 -> 

PRODH:PRODL 
BTFSC ARG2, SB Test Sign Bit 
SUBWF PRODH, F PRODH = PRODH 

- ARGl 
MOVFP ARG2, WREG 
BTFSC ARGl, SB Test Sign Bit 
SUBWF PRODH, F PRODH = PRODH 

- ARG2 
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Example 8-3 shows the sequence to do a 16 x 16 
unsigned multiply. Equation 8-1 shows the algorithm 
that is used. The 32-bit result is stored in 4 registers 
RES3:RESO. 

EQUATION 8-1: 16 X 16 UNSIGNED 
MUL Tl PLICATION 
ALGORITHM 

RES3:RESO ARG1H:ARG1L * ARG2H:ARG2L 

(ARG1H * ARG2H * 216) + 

(ARG1 H * ARG2L * ~) + 

(ARG1L * ARG2H * ~) + 

(ARG1L * ARG2L) 

EXAMPLE 8-3: 16X16 MULTIPLY ROUTINE 
MOVFP 
MULWF 

MOVPF 
MOVPF 

MOVFP 
MULWF 

MOVPF 
MOVPF 

MOVFP 
MULWF 

ARGlL, 
ARG2L 

PRODH, 
PRODL, 

ARGlH, 
ARG2H 

PRODH, 
PRODL, 

ARGlL, 
ARG2H 

WREG 

RESl 
RESO 

WREG 

RES3 
RES2 

WREG 

MOVFP PRODL, WREG 

ARGlL * ARG2L 
PRODH:PRODL 

ARGlH * ARG2H 
PRODH:PRODL 

ARGlL * ARG2H 
PRODH:PRODL 

ADDWF RESl, F Add cross 
MOVFP PRODH, WREG products 
ADDWFC RES2, F 
CLRF WREG, F 
ADDWFC RES3, F 

ARGlH, WREG 

-> 

-> 

-> 

MOVFP 
MULWF ARG2L ARGlH * ARG2L -> 

PRODH:PRODL 

MOVFP PRODL, WREG 
ADDWF RESl, F Add cross 
MOVFP PRODH, WREG products 
ADDWFC RES2, F 
CLRF WREG, F 
ADDWFC RES3, F 
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Example 8-4 shows the sequence to do an 16 x 16 
signed multiply. Equation 8-2 shows the algorithm that 
used. The 32-bit result is stored in 4 registers 
RES3:RESO. To account for the sign bits of the argu
ments, each argument pairs most significant bit (MSb) 
is tested and the appropriate subtractions are done. 

EQUATION 8-2: 

RES3:RESO 

16X16 SIGNED 
MULTIPLICATION 
ALGORITHM 

= ARG1H:ARG1L * ARG2H:ARG2L 

= (ARG1H * ARG2H • 216) + 

(ARG1H • ARG2L* ~) + 

(ARG1L * ARG2H* ~) + 

(ARG1 L * ARG2L) + 

(·1 * ARG2H<7> * ARG1H:ARG1L • 216) + 

(·1 * ARG1H<7> * ARG2H:ARG2L • 216) 

DS30412A·page 2·872 

EXAMPLE 8-4: 16X16 SIGNED MULTIPLY 
ROUTINE 

MOVFP ARGlL, WREG 
MULWF ARG2L ARGlL * ARG2L -> 

PRODH:PRODL 
MOVPF PRODH, RESl 
MOVPF PRODL, RESO 

MOVFP ARGlH, WREG 
MULWF ARG2H ARGlH * ARG2H -> 

PRODH:PRODL 
MOVPF PRODH, RES3 
MOVPF PRODL, RES2 

MOVFP ARGlL, WREG 
MULWF ARG2H ARGlL * ARG2H -> 

PRODH:PRODL 
MOVFP PRODL, WREG 
ADDWF RESl, F Add cross 
MOVFP PRODH, WREG products 
ADDWFC RES2, F 
CLRF WREG, F 
ADDWFC RES3, F 

MOVFP ARGlH, WREG 
MULWF ARG2L ARGlH * ARG2L -> 

PRODH:PRODL 

MOVFP PRODL, WREG 
ADDWF RESl, F Add cross 
MOVFP PRODH, WREG products 
ADDWFC RES2, F 
CLRF WREG, F 
ADDWFC RES3, F 

BTFSS ARG2H, 7 ARG2H:ARG2L neg? 
GOTO SIGN_ARGl no, check ARGl 
MOVFP ARGlL, WREG 
SUBWF RES2 
MOVFP ARGlH, WREG 
SUBWFB RES3 

SIGN_ARGl 
BTFSS ARGlH, 7 ARGlH:ARGlL neg? 
GOTO CONT_CODE no, done 
MOVFP ARG2L, WREG 
SUBWF RES2 
MOVFP ARG2H, WREG 
SUBWFB RES3 

CONT_ CODE 
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TABLE 8-1: PERFORMANCE COMPARISON 

Routine Device 
Program Memory 

Cycles (Max) 
Time 

(Words) (@ 25 MHz) 

8 x 8 unsigned 17C42 13 69 11.04 µs 

17C43 & 17C44 1 1 160 ns 

8 x 8 signed 17C42 - - -
17C43 & 17C44 6 6 960 ns 

16 x 16 unsigned 17C42 21 242 38.72µs 

17C43 & 17C44 24 24 3.84 µs 

16 x 16 signed 17C42 52 254 40.64µs 

17C43 & 17C44 36 36 5.76 µs • 
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NOTES: 

DS30412A-page 2-874 © 1995 Microchip Technology Inc. 



9.0 VO PORTS 
The PIC17C4X devices have five 1/0 ports, PORTA 
through PORTE. PORTS through PORTE have a cor
responding Data Direction Register (DDR), which is 
used to configure the port pins as inputs or outputs. 
These five ports are made up of 33 1/0 pins. Some of 
these ports pins are multiplexed with alternate func
tions. 

PORTC, PORTO and PORTE are multiplexed with the 
system bus. These pins are configured as the system 
bus when the device's fuses are selected to Micropro
cessor or Extended Microcontroller modes. In the two 
other microcontroller modes, these pins are general 
purpose 1/0. 

PORTA and PORTS are multiplexed with the peripheral 
features of the device. These peripheral features are: 

• Timer modules 
• Capture module 
• PWMmodule 
• SCI module (USART) 
• External Interrupt pin 

When some of these peripheral modules are turned on, 
the port pin will automatically configure to the alternate 
function. The modules that do this are: 

• PWM module 
• SCI module 

When a pin is automatically configured as an output by 
a peripheral module, its data direction bit may be left in 
an unknown state. After disabling the peripheral mod
ule, the user should re-initialize the DDR bit to the 
desired configuration. 

The other peripheral modules (which require an input) 
must have their data direction bit configured appropri
ately. 

© 1995 Microchip Technology Inc. 
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9.1 PORTA Register 

PORTA is a 6-bit wide latch. PORTA does not have a 
corresponding Data Direction Register (DDR). 

Reading PORTA reads the status of the pins. 

The RA1 pin is multiplexed with TMRO clock input, and 
RA4 and RAS are multiplexed with the SCI functions. 
The control of RA4 and RAS as outputs is automatically 
configured by the SCI module. 

9.1.1 USING RA2, RA3 AS OUTPUTS 

The RA2 and RA3 pins are open collector outputs. To 
use the RA2 or the RA3 pin(s) as output(s), simply write 
to the PORTA register the desired value. A 'O' will cause 
the pin to drive low, while a '1' will cause the pin to float 
(hi-impedance). An external pull-up resistor should be 
used to pull the pin high. Writes to PORTA will not affect 
the other pins. 

FIGURE 9-1: RAO AND RA1 BLOCK 
DIAGRAM 

RD_PORTA 
(02) 

Note: 1/0 pins have protection diodes to Voo and Vss. 
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FIGURE 9·2: RA2 AND RA3 BLOCK 
DIAGRAM 

RD_ RTA 

FIGURE 9·3: RA4 AND RAS BLOCK 
DIAGRAM 

Serial port input signal 

a 01----~ 
(02) 

RD_PORTA 
(02) 

11-----i 0 '-.CK 
Serial port output signals WR_PORTA 

(Q4) 

Note: 1/0 pins have protection diodes to Vss. rn: = SPEN,SYNC,TXEN, CRm, "SREN for RA4 

rn: = SPEN ~+SYNC,~ for RAS 

Note: 1/0 pins have protection diodes to Voo and Vss. 

TABLE 9-1: PORTA FUNCTIONS 

Name BitO Buffer Type Function 

RAO/INT bitO ST Input or external interrupt input. 
RA1/TOCKI bit1 ST Input or clock input to the TMRO timer/counter. 
RA2 bit2 ST Input/Output. Output is open collector type. 
RA3 bit3 ST Input/Output. Output is open collector type. 
RA4/RX/DT bit4 ST Input or SCI Asynchronous Receive or SCI Synchronous Data. 

RAS/TX/CK bit5 ST Input or SCI Asynchronous Transmit or SCI Synchronous Clock. 

RBl5lJ bit7 - Control bit for PORTB weak pull-ups. 
Legend: TTL= TTL input, ST = Schmitt Trigger input. 

TABLE 9·2: REGISTERS/BITS ASSOCIATED WITH PORTA 

Value on 
Addraas Name Bit4 Bit3 Bit2 Bit 1 BllO Power-On 

Rase! 

10h, Bank 0 PORTA 0-xx xxxx 

05h, Unbanked TOSTA 0000 000-

13h, Banko RCSTA 0000 -OOx 

15h, Banko TXSTA 0000 --lx 

Legend: x = unknown, u = unchanged, - = unimplemented, reads as 'O'. 
Note 1: Other (non power-up) resets include: external reset through~ and the Watchdog Timer time-out reset. 

2: Shaded cells are not used by PORTA. 

Value on all 
other resets 

(No1111) 

0-uu uuuu 

0000 000-

0000 -OOu 

0000 --lu 
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9.2 PORTB and DDRB Registers 

PORTB is an 8-bit wide bi-directional port. The corre
sponding data direction register is DDRB. A '1' in DDRB 
configures the corresponding port pin as an input. A 'O' 
in the DDRB register configures the corresponding port 
pin as an output. Reading PORTB 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. A 
single control bit can tum on all the pull-ups. This is 
done by clearing the 1ml50 (PORTA<7>) bit. The weak 
pull-up is automatically turned off when the port pin is 
configured as an output. The pull-ups are enabled on 
any reset. 

PORTB also has an interrupt on change feature. Only 
pins configured as inputs can cause this interrupt to 
occur (i.e. any RB<7:0> pin configured as an output is 
excluded from the interrupt on change comparison). 
The input pins (of RB<7:0>) are compared with the 
value in the PORTB data latch. The "mismatch" outputs 
of RB<7:0> are OR'ed together to generate the RBIF 
interrupt (flag latched in PIR<7>). 

PIC17C4X 

This interrupt can wake the device from SLEEP. The 
user, in the interrupt service routine, can clear the inter
rupt in one of two ways: 

a) Disable the interrupt by clearing the RBIE 
(PIE<7>) bit. 

b) Read-Write PORTB (MOVPF PORTB, PORTB). 
This will end mismatch condition. Then, clear the 
RBIFbit. 

A mismatch condition will continue to set the RBIF bit. 
Reading then writing 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 this port, allows easy 
interface to a key pad and make it possible for wake-up 
on key-depression. (See AN552 in the Embedded Con
trol Handbool<). 

The interrupt on change feature is recommended for 
wake-up on operations where PORTB is only used for 
the interrupt on change feature and key depression 
operation. 

FIGURE 9-4: BLOCK DIAGRAM OF RB<7:4> AND RB<1 :0> PORT PINS 

Port 
1------~D~a-ta-+----i O 

Note: 1/0 pins have protection diodes to Voo and Vss. 
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FIGURE 9-5: BLOCK DIAGRAM OF RB<3:2> PORT PINS 

Port 
1----,D,_a-ta-+-----iO 

Note: VO pine have protection diodes to VDo and Vea. 
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Example 9-1 shows the instruction sequence to initial
ize PORTB. The Bank Select Register (BSR) must be 
selected to Bank 0 for the port to be initialized. 

EXAMPLE 9-1: INITIALIZING PORTB 
MOVLB 0 ; Select Bank 0 

CLRF PORTB ;Initialize PORTB by clearing 

; output data latches 

TABLE 9-3: PORTB FUNCTIONS 

Name Bit Buffer Type 

RBO/CAP1 bi!O ST 

RB1/CAP2 bil1 ST 

RB2/PWM1 bit2 ST 

RB3/PWM2 bit3 ST 

RB4/TCLK12 bit4 ST 

RB5/TCLK3 bit5 ST 

RB6 bil6 ST 

RB7 bit7 ST 

MOVLW OxCF 

MOVWF DDRB 

;Value used to initialize 

;data direction 

;Set RB<3:0> as inputs 

RB<5:4> as outputs 

RB<7:6> as inputs 

Function 

Input/Output or the RBO/CAP1 input pin. Software programmable weak pull-
up and interrupt on change features. 

Input/Output or the RB 1/CAP2 input pin. Software programmable weak pull-
up and interrupt on change features. 

Input/Output or the RB2/PWM1 output pin. Software programmable weak 
pull-up and interrupt on change features. 

Input/Output or the RB3/PWM2 output pin. Software programmable weak 
pull-up and interrupt on change features. 

Input/Output or the external clock input to Timer1 and Timer2. Software pro-
grammable weak pull-up and interrupt on change features. 

Input/Output or the external clock input to Timer3. Software programmable 
weak pull-up and interrupt on change features. 

Input/Output pin. Software programmable weak pull-up and interrupt on 
change features. 

Input/Output pin. Software programmable weak pull-up and interrupt on 
change features. 

Legend: TTL= TTL input, ST= Schmitt Trigger input. 

TABLE 9-4: REGISTERS/BITS ASSOCIATED WITH PORTB 

Value on Value on all 

BitO Power-On other 

Reset 
resets 

(Nolet) 

Address Name Bit7 Bit& BitS Bit4 Bit3 Bit2 Bill 

12h, Banko PORTB PORTB data latch xxxx xxxx uuuu uuuu 

11h, Banko DDRB Data direction register for PORTB 1111 1111 1111 1111 

10h, Banko PORTA 0-uu uuuu 

06h, Unbanked CPUSTA --11 11-- --11 ??--

07h, Unbanked INTSTA 0000 0000 0000 0000 

16h, Bank 1 PIA 0000 0010 0000 0010 

17h, Bank 1 PIE 0000 0000 0000 0000 

16h, Bank3 TCON1 0000 0000 0000 0000 

17h, Bank 3 TCON2 0000 0000 0000 0000 

Legend: x =unknown, u = unchanged, - = unimplemented, reads as 'O'. 
Note 1: Other (non power-up) resets include: external reset through t1Crn and the Watchdog Timer time-out reset. 

2: Shaded cells are not used by PORTB. 
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9.3 PORTC and DDRC Registers 

PORTC is an 8-bit bi-directional port. The correspond
ing data direction register is DDRC. A '1' in DDRC con
figures the corresponding port pin as an input. A 'O' in 
the DDRC register configures the corresponding port 
pin as an output. Reading PORTC reads the status of 
the pins, whereas writing to it will write to the port latch. 
PORTC is multiplexed with the system bus. When 
operating as the system bus, PORTC is the low order 
byte of the address/data bus (AD<7:0>). The timing for 
the system bus is shown in the Electrical Characteris
tics section. 

Example 9-2 shows the instruction sequence to initial
ize PORTC. The Bank Select Register (BSR) must be 
selected to Bank 1 for the port to be initialized. 

EXAMPLE 9-2: INITIALIZING PORTC 
MOVLB 1 Select Bank 1 

CLRF PORTC 

MOVLW OxCF 

MOVWF DDRC 

Initialize PORTC data 
latches before setting 
the data direction 

register 

Value used to initialize 

data direction 

Set RC<3:0> as inputs 
RC<5:4> as outputs 
RC<7:6> as inputs 

FIGURE 9-6: BLOCK DIAGRAM OF RC<7:0> PORT PINS 

0 Port 
Data 

Note: 1/0 pins have protection diodes to Voo and Vss. 
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Q 

'-CK 

'-CK 
R S 

to D_Bus-> IR 

INSTRUCTION READ 
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D'------------. 
WR_PORTC 
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EX_EN 

DATA/ADDR_OUT 

DRV_SYS 
SYS BUS 
Control 
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TABLE 9-5: PORTC FUNCTIONS 

Name Bit Buffer Type Function 

RCO/ADO bito TTL Input/Output or system bus address/data pin. 

RC1/AD1 bit1 TTL Input/Output or system bus address/data pin. 

RC2/AD2 bit2 TTL Input/Output or system bus address/data pin. 

RC3/AD3 bit3 TTL Input/Output or system bus address/data pin. 

RC4/AD4 bit4 TTL Input/Output or system bus address/data pin. 

RC5/AD5 bits TTL Input/Output or system bus address/data pin. 

RC6/A06 bit6 TTL Input/Output or system bus address/data pin. 

RC7/AD7 bit? TTL Input/Output or system bus address/data pin. 

TABLE 9-6: REGISTERS/BITS ASSOCIATED WITH PORTC • Legend: TTL= TTL input. 

Value on Value on all 
Address Name Bit7 Bit& BitS Bit4 Bit3 Bit2 Bit1 BitO Power-On other resets 

Reset (Note1) 

11h. Bank 1 PORTC 
RC7/ RC&' RC51 RC4/ RC3.' RC2/ RC1/ RCO/ 
AD7 AD6 ADS AD4 AD3 AD2 AD1 ADO 

xxxx xxxx uuuu uuuu 

10h, Bank 1 DDRC Data direction register for PORTC 1111 1111 1111 1111 

Legend: x = unknown, u = unchanged. 
Note 1: Other (non power-up) resets include: external reset through~ and the Watchdog Timer time-out reset. 
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9.4 PORTO and DORO Registers 

PORTO is an 8-bit bi-directional port. The correspond
ing data direction register is DORO. A '1' in DORO con
figures the corresponding port pin as an input. A 'O' in 
the DDRC register configures the corresponding port 
pin as an output. Reading PORTO reads the status of 
the pins, whereas writing to it will write to the port latch. 
PORTO is multiplexed with the system bus. When 
operating as the system bus, PORTO is the high order 
byte of the address/data bus (AD<15:8>). The timing 
for the system bus is shown in the Electrical Character
istics section. 

Example 9-3 shows the instruction sequence to initial
ize PORTO. The Bank Select Register (BSR) must be 
selected to Bank 1 for the port to be initialized. 

EXAMPLE 9-3: INITIALIZING PORTO 
MOVLB Select Bank 1 

CLRF PORTD 

MOVLW OxCF 

MOVWF DDRD 

Initialize PORTD data 

latches before setting 

the data direction 

register 

Value used to initialize 

data direction 

Set RD<3:0> as inputs 

RD<5:4> as outputs 

RD<7:6> as inputs 

FIGURE 9-7: PORTO BLOCK DIAGRAM (IN 1/0 PORT MODE) 

to D_Bus-> IR 

INSTRUCTION READ 

Data Bus 

RD_PORTD 

Q D1-~~~~~~~~---. 

'-CK 
WR_PORTD 

Q D 
RD_DDRD 

'-CK 
WR_DDRD 

R s 
EX_EN 

DATA/ADDR_OUT SYS BUS 
DRV_SYS Control 

Note: 110 pins have protection diodes to VDD and Vss. 
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TABLE 9-7: PORTO FUNCTIONS 

Name Bit Buffer Type Function 

RDO/ADB bitO TTL Input/Output or system bus address/data pin. 
RD1/AD9 bit1 TTL Input/Output or system bus address/data pin. 
RD2/AD10 bit2 TTL Input/Output or system bus address/data pin. 
RD3/AD11 bit3 TTL Input/Output or system bus address/data pin. 
RD4/AD12 bit4 TTL Input/Output or system bus address/data pin. 
RD5/AD13 bits TTL Input/Output or system bus address/data pin. 
RD6/AD14 bit6 TTL Input/Output or system bus address/data pin. 
RD7/AD15 bit? TTL Input/Output or system bus address/data pin. 

TABLE 9-8: REGISTERS/BITS ASSOCIATED WITH PORTO • Legend: TTL= TTL input. 

Value on Value on all 
Address Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 BitO Power-On other resets 

Reset (Note1) 

13h. Bank 1 PORTO RD7/ RD&' RDS/ RD4/ RD3/ RD2/ RD1/ RDOI 
AD15 AD14 AD13 AD12 AD11 AD10 AD9 ADS xxxx xxxx uuuu uuuu 

12h, Bank 1 DDRD Data direction register for PORTO 1111 1111 1111 1111 

Legend: x = unknown, u = unchanged. 
Note 1: Other (non power-up) resets include: external reset through~ and the Watchdog Timer time-out reset. 
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9.4.1 PORTE AND DORE REGISTER 

PORTE is a 3-bit bi-directional port. The corresponding 
data direction register is DORE. A '1' in DORE config
ures the corresponding port pin as an input. A 'O' in the 
DORE register configures the corresponding port pin as 
an output. Reading PORTE reads the status of the pins, 
whereas writing to it will write to the port latch. PORTE 
is multiplexed with the system bus. When operating as 
the system bus, PORTE contains the control signals for 
the address/data bus (AD<15:0>). These control sig
nals are Address Latch Enable (ALE), Output Enable 
(OE), and Write (WR). The control signals OE and WR 
are active low signals. The timing for the system bus is 
shown in the Electrical Characteristics section. 

Example 9-4 shows the instruction sequence to initial
ize PORTE. The Bank Select Register (BSR) must be 
selected to Bank 1 for the port to be initialized. 

EXAMPLE 9-4: INITIALIZING PORTE 
MOVLB 1 Select Bank 1 
CLRF PORTE 

MOVLW Ox03 

MOVWF DDRE 

Initialize PORTE data 
latches before setting 
the data direction 

register 
Value used to initialize 

data direction 
Set RE<l:O> as inputs 

RE<2> as outputs 

RE<7:3> are always 

read as '0 1 

FIGURE 9-8: PORTE BLOCK DIAGRAM (IN 1/0 PORT MODE) 

Data Bus 

RD_PORTE 

Di---...------__, 

'-CK 
WR_PORTE 

Q D 
RD_DDRE 

'-CK 
WR_DDRE 

R s 
EX_EN 

CNTL SYS BUS 
DRV_SYS Control 

Note: 1/0 pins have protection diodes to Voo and Vss. 
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TABLE 9-9: PORTE FUNCTIONS 

Name Bit Buffer Type Function 

REO/ALE bitO TTL Input/Output or system bus Address Latch Enable (ALE) control pin. 

RE1/0E' bit1 TTL Input/Output or system bus Output Enable (OE) control pin. 
RE2/WF{ bit2 TTL Input/Output or system bus Write (WR) control pin. 

Legend: TTL= TTL input. 

TABLE 9-10: REGISTERS/BITS ASSOCIATED WITH PORTE 

l Bit71 Bit61 Bit5 l l Bit3 l Value on 
Address Name Bit4 Bit2 Bit1 BitO Power-On 

Reset 

15h, Bsnk 1 PORTE 
·:: 

RE2IWFI RE1!01:: REOIALE 

J Data direction regi~ie, for PORTE 

---- -xxx 

14h, Bsnk 1 DORE ---- -111 

Legend: x = unknown, u = unchanged, -= unimplemented, reads as 'O'. 
Note 1: Other (non power-up) resets Include: external reset through~ and the Watchdog Timer time-out reset. 

2: Shaded cells are not used by PORTE. 

Value on all 
other resets 

(Note1) 

---- -uuu 

---- -111 
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9.5 

9.5.1 

VO Programming Considerations 

Bl-DIRECTIONAL 1/0 PORTS 

Any instruction which writes, operates internally as a 
read followed by a write operation. For example, the 
BCF and BSF instructions 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 bit5 
of PORTB will cause all eight bits of PORTB to be read 
into the CPU. Then the BSF operation takes place on 
bit5 and PORTB is written to the output latches. II 
another bit of PORTB is used as a bi-directional 1/0 pin 
(e.g., bitO) 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 particu
lar pin, overwriting the previous content. As long as the 
pin stays in the input mode, no problem occurs. How
ever, if bitO is switched into output mode later on, the 
content of the data latch may now be unknown. 

Reading a port reads the values of the port pins. Writing 
to the port register writes the value to the port latch. 
When using read-modify-write instructions (BcF, BSF, 
BTG, etc.) on a port, the value of the port pins is read, 
the desired operation is performed with this value, and 
the value is then written to the port latch. 

Example 9-5 shows the effect of two sequential 
read-modify-write instructions on an 1/0 port 

FIGURE 9-9: SUCCESSIVE VO OPERATION 

EXAMPLE 9-5: READ MODIFY WRITE 
INSTRUCTIONS ON AN 
VO PORT 

Initial PORT settings: PORTB<7:4> Inputs 
PORTB<3:0> Outputs 

PORTB<7:6> have pull-ups and are 
not connected to other circuitry 

PORT latch PORT pins 

BCF PORTE, 7 
BCF PORTB, 6 

BCF DDRB, 7 
BCF DDRB, 

Olpp PPPP 
lOpp pppp 

lOpp pppp 
lOpp pppp 

llpp PPPP 
llpp pppp 

llpp 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). 

9.5.2 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 9-9). Therefore, care must be exercised ii 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 depen
dent) before executing the instruction that reads the 
values on that 1/0 port. 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 another instruction not 
accessing this 1/0 port. 

; 01 I 021 031 04; 01 I 021 031 04; 01; 021 03104; 01 I 021 031 04; Note: 

PC ~ PC+ 1 X 
Instruction : MOVWF PORTB :MOVF PORTB.W : 

PC+ 2 1~--P_C_+_3 __ 

fetched 1 write to , 1 NOP NOP 
PORTB 

RB7:RBO •·--------'------'·~~----'------

Instruction • 
executed 
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: Port pin : 
, sampled here• 

: MOVWF PORTB : MOVF PORTB.W: 
write to 
PORTB 

NOP 

This example shows a write to PO RTB 
followed by a read from PORTB. 
Note that: 
data setup tifl)e = (0.25 TCY - TPD) 
where Tcv = mstruction cycle. 

TheretJie~ :1 ~~~~!~~f~~i delay 
frequencies, a write followed Qy a 
read may be problematic. 
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10.0 OVERVIEW OF TIMER 
RESOURCES 

The PIC17C4X has four timer modules. Each module 
can generate an interrupt to indicate that an event has 
occurred. These timers are called: 

• TMRO - TimerO (16-bit timer with programmable 
8-bit prescaler) 

• TM A 1 - Timer1 (8-bit timer) 
• TMR2 - Timer2 (8-bit timer) 
• TMR3 - Timer3 (16-bit timer) 

For enhanced time-base functionality, two input Cap
tures and two Pulse Width Modulation (PWM) outputs 
are possible. The PWMs use the TMR1 and TMR2 
resources and the input Captures use the TMR3 
resource. 

10.1 TMRO Overview 

The TMRO module is a simple 16-bit overflow counter. 
The clock source can be either the internal system 
clock (Fosc/4) or an external clock. 

The TMRO module also has a programmable prescaler 
option. The PS3:PSO bits (TOSTA<4:1 >)determine the 
prescaler value. TMRO can increment at the following 
rates: 1:1, 1:2, 1:4, 1:8, 1:16, 1:32, 1:64, 1:128, 1:256. 

When TMRO's clock source is an external clock, the 
TMRO module can be selected to increment on either 
the rising or falling edge. 

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. 

10.2 TMR1 Overview 

The TMR1 module is an 8-bit timer/counter with an 8-
bit period register (PR1 ). When the TMR1 value rolls 
over from the period match value to Oh, the TMR1 IF 
flag is set, and an interrupt will be generated when 
enabled. In counter mode, the clock comes from the 
RB4/TCLK12 pin, which can also be selected to be the 
clock for the TMR2 module. 

TMR1 can be concatenated to TMR2 to form a 16-bit 
timer. The TMR1 register is the LSB and TMR2 is the 
MSB. When in the 16-bit timer mode, there is a corre
sponding 16-bit period register (PR2:PR1). When the 
TMR2:TMR1 value rolls over from the period match 
value to Oh, the TM Ai IF flag is set, and an interrupt 
will be generated when enabled. 
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10.3 TMR2 Overview 

The TMR2 module is an 8-bit timer/counter with an 8-
bit period register (PR2). When the TMR2 value rolls 
over from the period match value to Oh, the TMR21F 
flag is set, and an interrupt will be generated when 
enabled. In counter mode, the clock comes from the 
RB4/TCLK12 pin, which can also be selected to be the 
clock for the TM R1 module. 

TMR1 can be concatenated to TMR2 to form a 16-bit 
timer. The TMR2 register is the MSB and TMR1 is the 
LSB. When in the 16-bit timer mode, there is a corre
sponding 16-bit period register (PR2:PR1). When the 
TMR2:TMR1 value rolls over from the period match 
value to Oh, the TMR1 IF flag is set, and an interrupt 
will be generated when enabled. 

10.4 TMR3 Overview 

The TMR3 module is a 16-bit timer/counter with a 16-
bit period register. When the TMR3H:TMR3L value 
rolls over to Oh, the TMR31F bit is set and an interrupt 
will be generated when enabled. In counter mode, the 
clock comes from the RB5/TCLK3 pin. 

When operating in the dual capture mode, the period 
registers become the second 16-bit capture register. 

10.5 Role of the Timer/Counters 

The timer modules are general purpose, but have ded
icated resources associated with them. TMR1 and 
TMR2 are the time-bases for the two Pulse Width 
Modulation (PWM) outputs, while TMR3 is the time
base for the two input captures. 
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NOTES: 
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11.0 TIMERO 
The TimerO (TMRO) module consists of a 16-bit 
timer/counter, TMRO. The high byte is TMROH and the 
low byte is TMROL. A software programmable 8-bit 
prescaler makes an effective 24-bit overflow timer. The 
clock source is also software programmable as either 
the internal instruction clock or the RA 1/TOCKI pin. The 
control bits for this module are in register TOSTA 
(Figure 11-1 ). 

FIGURE 11-1: TOSTA REGISTER (ADDRESS: 05H, UNBANKED) 

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 
PS3 I PS2 I PS1 I PSO I 

bit? 

bit 7: INTEDG: INT Pin Interrupt Edge Select bit 
This bit selects the edge upon which the interrupt is detected 
1 =Rising edge of RAO/INT pin generates interrupt 
O = Falling edge of RAO/INT pin generates interrupt 

bit 6: TOSE: TimerO Clock Input Edge Select bit 
This bit selects the edge upon which TMRO will increment 
WhenTOCS= 0 

U-0 

bitO 

PIC17C4X 

R = Readable brt 
W = Writable bit 
U = Unimplemented, 

Read as 'O' 
-n =Value at POR reset 

1 =Rising edge of RA1/TOCKI pin increments TimerO and/or generates a TOCKIF interrupt 
0 =Falling edge of RA1/TOCKI pin increments Timer{) and/or generates a TOCKIF interrupt 
When TOCS = 1 
Don't care 

bit 5: TOCS: TimerO Clock Source Select bit 
This bit selects the clock source for TMRO. 
1 = Internal instruction clock cycle (Tcv) 
0 =TOCKI pin 

bit 4-1: PS3:PSO: TimerO Prescale Selection bits 
These bits select the prescale value for TMRO. 

PS3:PSO 

0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
lxxx 

Prescale Value 

1 :1 
1:2 
1 :4 
1:8 

1:16 
1:32 
1:64 

1 :128 
1:256 

bit 0: Unimplemented: read as 'O' 
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11.1 TMRO Operation 

When TOCS is set, TMRO increments on the internal 
clock. When TOCS is clear, TMRO increments on the 
external clock (RA1/TOCKI pin). The external clock 
edge can be configured in software. When TOSE is set, 
the timer will increment on the rising edge of the 
RA1/TOCKI pin. When TOSE is clear, the timer will 
increment on the falling edge of the RA1/TOCKI pin. 
The prescaler can be programmed to introduce a pres
cale of 1 :1 to 1 :256. The timer increments from OOOOh 
to FFFFh and rolls over to OOOOh. On overflow, the 
TMRO Interrupt Flag bit (TOIF) is set. The TMRO inter
rupt can be masked off by clearing the corresponding 
TMRO Interrupt Enable bit (TOIE). The TMRO Interrupt 
Flag bit (TOIF) is automatically cleared when vectoring 
to the TM RO interrupt vector. 

11.2 UsingTMRO with External Clock 

When the external clock input is used for TMRO, it is 
synchronized with the internal phase clocks. 
Figure 11-3 shows the synchronization of the external 
clock. This synchronization is done after the prescaler. 
The output of the prescaler (PSOUD is sampled twice 
in every instruction cycle to detect a rising or a falling 
edge. The timing requirements for the external clock 
are detailed in the electrical specification section for the 
desired device. 

11.2.1 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 TMRO is actually 
incremented. Figure 11-3 shows that this delay is 
between 3 Tosc and 7 Tosc. Thus, for example, mea
suring the interval between two edges (e.g. period) will 
be accurate within ±4 Tosc ( ±160 ns@ 25 MHz). 

FIGURE 11-2: TMRO MODULE BLOCK DIAGRAM 

Prescaler 

Interrupt on overflow 
sets TOIF 

(INTSTA<5>) 

Fosc/4 
(8 stage 
async ripple 
counter) 

1-----1Synchronization TMROH<8> TMROL<8> 
PSOUT 

TOSE 
(TOSTA<6>) 

4 

TOCS PS3:PSO 
(TOSTA<5>) (TOSTA<4:1>) 

02 04 

FIGURE 11-3: TMROTIMING WITH EXTERNAL CLOCK (INCREMENT ON FALLING EDGE) 

Prescaler 
output 

(PSOUT) 

Sampled 
Prescaler 

output 

Increment 
TMRO 

TMRO 
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~---T_o ~-~X : T0+1 

t (note 3)t 

(note 2) 

x~~-T_o_+_2 __ ~ 

Note 1: The delay from the TOCK! edge to the TMRO increment is 3 Tosc-7 Tosc. 
2: t = PSOUT is sampled here. 
3: The PSOUT high time is too short and is missed by the sampling circuit. 
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11.3 Read/Write Consideration forTMRO 

Although TMRO is a 16-bit timer/counter, only B·bits at 
a time can be read or written during a single instruction 
cycle. Care must be taken during any read or write. 

11.3.1 READING 16-BITVALUE 

The problem in reading the entire 16-bit value is that 
after reading the low (or high) byte, its value may 
change from FFh to OOh. 

EXAMPLE 11-1: 16-BIT READ 
MOVPF TMROL, TMPLO ;read low tmrO 
MOVPF TMROH, TM PHI ;read high tmrO 
MOVFP TMPLO, WREG ; tmplo -> wreg 
CPFSLT TMROL, WREG ;tmrOl < wreg? 
RETFIE ;no then return 
MOVPF TMROL, TMPLO ;read low tmrO 
MOVPF TMROH, TMPHI ;read high tmrO 
RETFIE ;return 

Interrupts must be disabled during this subroutine. 

PIC17C4X 

11.3.2 WRITING A 16-BIT VALUE TO TMRO 

Since writing to either TMROL or TM ROH will effectively 
inhibit increment of that half of the TM RO in the next 
cycle (following write), but not inhibit increment of the 
other half, the user must write to TMROL first and 
TMROH next in two consecutive instructions, as shown 
in Example 11-2. The interrupt must be disabled. Any 
write to either TMROL or TM ROH clears the prescaler. 

EXAMPLE 11-2: 16-BITWRITE 
BSF CPUSTA, GLINTD Disable interrupt 
MOVFP RAM_L, TMROL 
MOVFP RAM_H, TMROH 
BCF CPUSTA, GLINTD Done, enable interrupt 

11.4 Prescaler Assignments 

TimerO has an 8-bit prescaler. The prescaler assign
ment is fully under software control; i.e., it can be 
changed "on the fly" during program execution. When 
changing the prescaler assignment, clearing the pres
caler is recommended before changing assignment. 
The value of the prescaler is "unknown", and assigning 
a value that is less then the present value makes it dif
ficult to take this unknown time into account. 

FIGURE 11-4: TMROTIMING: WRITE HIGH OR LOW BYTE 

AD<15:0> 

ALE 

TMROL~ __ r_o __ ~X : T0+1 x : NewTO (NTO) x : NewT0+1 x=: 
: : t : t : t : Fetch 

Instruction 
executed 

'MOVFP W,TMROL 'MOVFPTMROL,W' MO FPTMROL,W'MOVFPTMROL,W' 
' Write to TMROL ' Read TMROL ' Read TMROL ' Read TMROL ' 

(Value= NTO) (Value= NTO) : (Value= NTO +1) , 

TMROH---.--~x x x x XJ 
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FIGURE 11-5: TMRO READ/WRITE INTIMER MODE 

AD<15:0> 

ALE 

WR_TRMOL 

WR_TMROH 

RD_TMROL 

TM ROH 

TMROL 

Instruction 
fetched 

Instruction 
executed 

:01 \02 \03 \04 :01 \02 \03 l04 :01 I02 l03 IQ4 :01 IQ2 I03 \04 :01 I02 I03 I04 :01 102103104 : 
' ' ' 

~ 

n 

12 x 12 x 13 x AB 

FE x FF x 56 '---;----~-~X ~ 57 X'---<_5s_)( 
• MOVFP ' MOVFP ' 

{
: DATAL,TMROL PATAH,TMROH: 
, Write TMROL • Write TMROH • 
' ' ' 
' ' ' 

MOVPF MOVPF MOVPF MOVPF 
TMROL,W : TMROL,W : TMROL,W , TMROL,W 

Read TMROL , Read TMROL • Read TMROL • Read TMROL 

{':. 

Previously 
Fetched 
Instruction 

MOVFP MOVFP • MOVPF MOVPF MOVPF 
: DATAL,TMROt; DATAH,TMROI-! TMROL,W , TMROL,W , TMROL,W , 
• Write TMROL • Write TMROH : Read TMROL· Read TMROL • Read TMROL • 

In this example, old TMRO value is 12FEh, new value of AB56h is written. 

TABLE 11-1: REGISTERS/BITS ASSOCIATED WITHTMRO 

Address Name Bit7 Bit& BitS Bit4 Bit3 Bit2 Bit 1 BitO 

05h, Unbanked TOSTA 

06h, Unbanked CPUSTA 

07h, Unbanked INTSTA 

OBh, Unbanked TMROL 

OCh, Unbanked TM ROH 

Legend: x = unknown, u = unchanged, - = unimplemented, reads as a 'O', ? - Value depends on condition. 
Note 1: Other (non power-up) resets include: external reset through MCCR and the Watchdog Timer time-out reset. 

2: Shaded cells are not used by TMRO. 

Value on Value on all 
Power-On other resets 

Reset (Note1) 

0000 000- 0000 000-

--11 11-- --11 ??--

0000 0000 0000 0000 

xxxx xxxx uuuu uuuu 

xxxx xxxx uuuu uuuu 
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12.0 TIMER1, TIMER2, TIMER3, 
PWMS AND CAPTURES 

The PIC17C4X has a wealth of timers and time-based 
functions to ease the implementation of control applica
tions. These time-base functions include two PWM out
puts and two Capture inputs. 

Timer1 (TMR1) and Timer2 (TMR2) are two 8-bit incre
menting timers, each with a period register (PR1 and 
PR2 respectively) and separate overflow interrupt 
flags. TMR1 and TMR2 can operate either as timers 
(increment on internal OSC/4 clock) or as counters 
(increment on falling edge of external clock on pin 
RB4/TCLK12). They are also software configurable to 
operate as a single 16-bit timer. These timers are also 
used as the time-base for the PWM (pulse width mod
ulation) module. 

PIC17C4X 

TM R3 is a 16-bit timer/counter consisting of the TM R3H 
and TMR3L registers. This timer has four other associ
ated registers. Two registers are used as a 16-bit period 
register or a 16-bit Capture1 register 
(PR3H/CA 1H:PR3UCA1 L). The other two registers 
are strictly the Capture2 registers (CA2H:CA2L). 
Timer3 is the time-base for the two 16-bit captures. 

Timer3 can be software configured to increment from 
the internal system clock or from an external signal on 
the RB5/TCLK3 pin. 

Figure 12-1 and Figure 12-2 are the control registers 
for the operation of Timer1, Timer2, and Timer3, as well 
as PWM1, PWM2, Capture1, and Capture2. 

FIGURE 12-1: TCON1 REGISTER (ADDRESS: 16H, BANK 3) 

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 
lcA2Eo1 icA2EoolcA1Eo1 lcA1Eooi T16 I TMR3CS ITMR2cslTMR1csl 
bit? 

bit 7-6: CA2ED1 :CA2EDO: Capture2 Mode Select bits 
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 

bit 5-4: CA1ED1:CA1EDO: Capture1 Mode Select bits 
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 

bit 3: T16: Timer1 :Timer2 Mode Select bit 
1 = Timer1 and Timer2 fonn a 16-bit timer 
O = Timer1 and Timer2 are two 8-bit timers 

bit 2: TMR3CS: Timer3 Clock Source Select bit 
1 = Timer3 increments off the falling edge of the RB5/TCLK3 pin 
O = Timer3 increments off the internal clock 

bit 1: TMR2CS: Timer2 Clock Source Select bit 
1 = Timer2 increments off the falling edge of the RB4/TCLK12 pin 
O = Timer2 increments off the internal clock 

bit 0: TMR1CS: Timer1 Clock Source Select bit 
1 = Timer1 increments off the falling edge of the RB4/TCLK12 pin 
0 = Timer1 increments off the internal clock 

© 1995 Microchip Technology Inc. 

bito 

R = Readable bit 
W = Writable bit 
-n = Value at POR reset 
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FIGURE 12-2: TCON2 REGISTER (ADDRESS: 17H, BANK 3) 

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 
lcA2ovFjcA1ovFI PWM20NI PWM10NlcA1/Pl:j3I TMR30N ITMR20NITMR10NI 

bit? bitO 

bit 7: CA20VF: Capture2 Overflow Status bit 

R = Readable bit 
W = Writable bit 
-n = Value at POR reset 

This bit indicates that the capture value had not been read from the capture register pair (CA2H:CA2L) 
before the next capture event occured. The capture register retains the oldest unread capture value (last 
capture before overflow). Subsequent capture events will not update the capture register with the Timer3 
value until the capture register has been read (both bytes) and this bit is cleared in software. 
1 = Overflow occurred on Capture2 register 
0 = No overflow occurred on Capture2 register 

bit 6: CA10VF: Capture1 Overflow Status bit 
This bit indicates that the capture value had not been read from the capture register pair 
(PR3H/CA2H:PR3UCA2L) before the next capture event occured. The capture register retains the oldest 
unread capture value (last capture before overflow). Subsequent capture events will not update the cap
ture register with the Timer3 value until the capture register has been read (both bytes) and this bit is 
cleared in software. 
1 =Overflow occurred on Capture1 register 
O =No overflow occurred on Capture1 register 

bit 5: PWM20N: PWM2 On bit 
1 = PWM2 is enabled (The RB3/PWM2 pin ignores the state of the DDRB<3> bit) 
O = PWM2 is disabled (The RB3/PWM2 pin uses the state of the DDRB<3> bit for data direction) 

bit 4: PWM10N: PWM1 On bit 
1 = PWM1 is enabled (The RB2/PWM1 pin ignores the state of the DDRB<2> bit) 
O = PWM1 is disabled (The RB2/PWM1 pin uses the state of the DDRB<2> bit for data direction) 

bit 3: CA1/PR3: CA1/15"R3 Register Mode Select bit 
1 =Enables Capture1 (PR3H/CA1H:PR3UCA1L is the Capture1 register. Timer3 runs without 
a period register) 
O =Enables the Period register (PR3H/CA 1H:PR3UCA1 Lis the Period register for Timer3) 

bit 2: TMR30N: Timer3 On bit 
1 = Starts Timer3 
0 = Stops Timer3 

bit 1: TMR20N: Timer2 On bit 
This bit controls the incrementing of the Timer2 register. When Timer2:Timer1 form the 16-bit timer (T16 
is set), TMR20N must be set. This allows the MSB of the timer to increment. 
1 =Starts Timer2 (Must be enabled if the T16 bit (TCON1 <3>) is set) 
0 = Stops Timer2 

bit 0: TMR10N: Timer1 On bit 
When T16 is set (in 16-bit Timer Mode) 
1 =Starts 16-bit Timer2:Timer1 
0 =Stops 16-bit Timer2:Timer1 

When T16 is clear <in 8-bjt Timer Model 
1 = Starts 8-bit Timer1 
0 = Stops 8-bit Timer1 
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12.1 Timer1 and Timer2 

12.1.1 TIMER1, TIMER2 IN 8-BITMODE 

Both Timer1 and Timer2 will operate in 8-bit mode 
when the T16 bit is clear. These two timers can be inde
pendently configured to increment from the internal 
instruction cycle clock or from an external clock source 
on the RB4/TCLK12 pin. The timer clock source is con
figured by the TMRxCS bit (x = 1 for Timer1 or= 2 for 
Timer2). When TMRxCS is clear, the clock source is 
internal and increments once every instruction cycle 
(OSC/4). When TMRxCS is set, the clock source is the 
RB4/TCLK12 pin, and the timer will increment on every 
falling edge of the RB4/TCLK12 pin. 

The timer increments from OOh until it equals the 
Period register (PRx). It then resets to OOh at the next 
increment cycle. The timer interrupt flag is set when the 
timer is reset. Timer1 and Timer2 have individual inter· 
rupt flag bits. The Timer1 interrupt flag bit is latched into 
TMR1 IF, and the Timer2 interrupt flag bit is latched into 
TMR21F. 

Each timer also has a corresponding interrupt enable 
bit (TMRxlE). The timer interrupt can be enabled by set
ting this bit and disabled by clearing this bit. For periph
eral interrupts to be enabled, the Peripheral Interrupt 
Enable bit must be enabled (PEIE is set) and global 
interrupts must be enabled (GUNTO is cleared). 

The timers can be turned on and off under software 
control. When the Timerx on control bit (TMRxON) is 
set, the timer increments from the clock source. When 
TMRxON is cleared, the timer is turned off and cannot 
cause the timer interrupt flag to be set. 

PIC17C4X 

12.1.1.1 EXTERNAL CLOCK INPUT FOR TMR1 
ORTMR2 

When TMRxCS is set, the clock source is the 
RB4/TCLK12 pin, and the timer will increment on every 
falling edge on the RB4/TCLK12 pin. The TCLK12 input 
is synchronized with internal phase clocks. This causes 
a delay from the time a falling edge appears on TCLK12 
to the time TMR1 or TMR2 is actually incremented. For 
the external clock input timing requirements, see the 
Electrical Specification section. 

FIGURE 12-3: TMR1 ANDTMR2 INTWO 8-BITTIMER/COUNTER MODE 

OSC/4 

RB4/TCLK12 

Fosc/4 
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TMR1CS 
(TCON1<0>) 

TMR1 

Comparator xB 

PR1 

TMR2 

Com pa rat or xB 

PR2 

SetTMR11F 
(PIR<4>) 

SetTMR21F 
(PIR<5>) 
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12.1.2 TIMER1 & TIMER2 IN 16-BIT MODE 

To select 16-bit mode, the T16 bit must be set. In this 
mode TMR1 and TMR2 are concatenated to form a 
16-bit timer (TMR2:TMR1). The 16-bit timer incre
ments until it matches the 16-bit period register 
(PR2:PR1). On the following timer clock, the timer 
value is reset to Oh, and the TMR1 IF bit is set. 

When selecting the clock source for the16-bit timer, the 
TMR1CS bit controls the entire 16-bit timer and 
TMR2CS is a "don't care". When TMR1CS is clear, the 
timer increments once every instruction cycle (OSC/4). 
When TMR1CS is set, the timer increments on every 
falling edge of the RB4/TCLK12 pin. For the 16-bit 
timer to increment, both TMR10N and TMR20N bits 
must be set (see Table 12-1). 

12.1.2.1 EXTERNAL CLOCK INPUT FOR 
TMR1:TMR2 

When TMR1CS is set, the 16-bit TMR2:TMR1 incre
ments on the falling edge of clock input TCLK12. The 
input on the RB4/TCLK12 pin is sampled and synchro-

nized by the internal phase clocks twice every instruc
tion cycle. This causes a delay from the time a falling 
edge appears on RB4/TCLK12 to the time 
TMR2:TMR1 is actually incremented. For the external 
clock input timing requirements, see the Electrical 
Specification section. 

TABLE 12-1: lURNING ON 16-BITTIMER 

TMR20N TMR10N Result 

1 1 16-bit timer 
(TMR2:TMR1) ON 

0 1 Only TMR1 increments 

x 0 16-bit timer OFF 

FIGURE 12-4: TMR1 ANDTMR2IN16-BITTIMER/COUNTER MODE 

TMR1 XS TMR2xS 

Comparator x16 

PR1 XS PR2 xB 

TABLE 12-2: SUMMARY OFTIMER1 ANDTIMER2 REGISTER 

Address Name Bit4 Bit3 Bit2 Bit 1 

16h, Bank3 TCON1 : TMR2CS 

17h, Bank3 TCON2 • TMR20N 

10h, Bank2 TMR1 

11h,Bank2 TMR2 

16h, Bank 1 PIR 

17h, Bank 1 PIE 

07h, Unbanked INTSTA 

06h, Unbanked CPUSTA 

14h, Bank 2 PR1 

15h,Bank2 PR2 

1 Oh, Bank 3 PW1 DCL 

11h,Bank3 PW2DCL DC1 

12h, Bank 3 PW1 OCH DC9 DCB 

13h, Bank 3 PW2DCH DC9 DCB DC7 

BitO 

TMR1CS 

TMR10N 

Set Interrupt TMR1 IF 
(PIR<4>) 

Value on Value on all 
Power-On other resets 

Reset (Note1) 

0000 0000 0000 0000 

0000 0000 0000 0000 

xxxx xxxx uuuu uuuu 

xxxx xxxx uuuu uuuu 

0000 0010 0000 0010 

0000 0000 0000 0000 

0000 0000 0000 0000 

--11 11-- --11 ??--

xxxx xxxx uuuu uuuu 

xxxx xxxx uuuu uuuu 

xx-- ---- uu-- ----
xxO- ---- uuO- ----
xxxx xxxx uuuu uuuu 

xxxx xxxx uuuu uuuu 

Legend: x = unknown, u =unchanged, - =unimplemented, reads as a 'O', ? ·Value depends on condition. 
Note 1: Other (non power-up) resets include: external reset through rem and WDT Timer time-oU1 reset. 

2: Shaded cells are not used by TMR1 and TMR2. 
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12.1.3 USING PULSE WIDTH MODULATION 
(PWM) OUTPUTS WITH TMR1 AND TMR2 

Two high speed pulse width modulation (PWM) outputs 
are provided. The PWM1 output uses Timer1 as its 
time-base, while PWM2 may be software configured to 
use either Timer1 or Timer 2 as the time-base. The 
PWM outputs are on the RB2/PWM1 and RB3/PWM2 
pins. 

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 duty cycle of 
the output can vary from 0% to 100%. 

Figure 12-5 shows a simplified block diagram of the 
PWM module. The duty cycle register is double buff
ered for glitch free operation. Figure 12-6 shows how 
a glitch could occur if the duty cycle registers were not 
double buffered. 

The user needs to set the PWM 1 ON bit (TCON2<4>) to 
enable the PWM1 output. When the PWM10N bit is 
set, the RB2/PWM1 pin is configured as PWM1 output 
and forced as an output irrespective of the data direc
tion bit (DDRB<2>). When the PWM10N bit is clear, 
the pin behaves as a port pin and its direction is con
trolled by its data direction bit (DDRB<2>). Similarly, the 
PWM20N (TCON2<5>) bit controls the configuration of 
the RB3/PWM2 pin. 

FIGURE 12-6: PWM OUTPUT 

0 10 20 30 40 

PIC17C4X 

FIGURE 12·5: SIMPLIFIED PWM BLOCK 
DIAGRAM 

Duty Cycle registers y-- PWxDCL<7:6> 

PWxDCH 

(Slave) 

Clear Timer, 
PWMx_pin and 
Latch D.C. 

Note 1: 8-bit timer is concatenated with 2-blt internal a clock 
or 2 bits of the prescaler to create 10-bit time-base. 

0 

' 

PWM I 
1-----··---n IL output 

t t t 
nm er Write new nmer interrupt 
interrupt PWM value new PWM value 

transferred to slave 

Note 1 : The dotted line shows PWM output if duty cycle registers were not double buffered. 
II the new duty cycle 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 is 30. New duty cycle value is 10. 
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12.1.3.1 PWM PERIODS 

The period of the PWM1 output is determined by 
Timer1 {TMR1) and its period register (PR1). The 
period of the PWM2 output can be software configured 
to use either Timer1 or Timer2 as the time-base. When 
TM2PW2 bit (PW2DCL<5>) is clear, the time-base is 
determined by TMR1 and PR1. When TM2PW2 is set, 
the time-base is determined by TMR2 and PR2. 

Running two different PWM outputs on two different 
timers allows different PWM periods. Running both 
PWMs from Timer1 allows the best use of resources by 
freeing Timer2 to operate as an 8-bit timer. Timer1 and 
Timer2 can not be used as a 16-bit timer if either PWM 
is being used. 

The PWM periods can be calculated as follows: 

period of PWM1 =[(PR1) + 1] x 4 Tosc 

period of PWM2 =[(PR1) + 1] x 4 Tosc or 
[(PR2) + 1] x 4 Tosc 

The duty cycle of PWMx is determined by the 10-bit 
value DCx<9:0>. The upper 8-bits are from register 
PWxDCH and the lower 2-bits are from PWxDCL<7:6> 
(PWxDCH:PWxDCL<7:6>). Table 12-3 shows the 
maximum PWM frequency given the value in the period 
register. The PWMx duty cycle is as follows: 

PWMx Duty Cycle = (DCx) x Tosc 

where DCx represents the 10-bit value from 
PWxDCH:PWxDCL. 

If DCx = 0, then the duty cycle is zero. If PRx = 
PWxDCH, then the PWM output will be low for one to 
four Q-clock (depending on the state of the 
PWxDCL<7:6> bits). For a Duty Cycle to be 100%, the 
PWxDCH value must be greater then the PRx value. 

The duty cycle registers for both PWM outputs are dou
ble 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 
and the PWMx pin is forced high. 

The user should also avoid any "read-modify-write" 
operations on the duty cycle registers, such as: ADDWF 
PWlDCH. This may cause duty cycle outputs that are 
unpredictable. 
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TABLE 12-3: PWM FREQUENCY vs. 
RESOLUTION AT 25 MHz 

PWM Frequency (kHz) 

Frequency 24.4 48.8 65.104 97.66 390.6 

PRx Value Ox FF Ox7F Ox5F Ox3F Ox OF 

High 10-bit 9-bit 8.5-bit 8-bit 6-bit 
Resolution 

Standard 8-bit 7-bit 6.5-bit 6-bit 4-bit 
Resolution 

12.1.3.2 PWM INTERRUPTS 

The PWM module makes use of Timer1 or Timer2 inter
rupts. A timer interrupt is generated when TMR1 or 
TMR2 equals its period register and is cleared to zero. 
This interrupt also marks the beginning of a PWM 
cycle. The user can write new duty cycle values before 
the timer roll-over. The Timer1 interrupt is latched into 
the TMR1 IF bit and the Timer2 interrupt is latched into 
the TMR21F bit . These flags must be cleared in soft
ware. 

12.1.3.3 EXTERNAL CLOCK SOURCE 

The PWMs will operate regardless of the clock source 
of the timer. The use of an external clock has ramifica
tions that must be understood. Because the external 
TCLK12 input is synchronized internally (sampled once 
per instruction cycle), the time TCLK12 changes to the 
time the timer increments will vary by as much as Tcv 
(one instruction cycle). This will cause jitter in the duty 
cycle as well as the period of the PWM output. 

This jitter will be± Tcv, unless the external clock is syn
chronized with the processor clock. Use of one of the 
PWM outputs as the clock source to the TCLKx input, 
will supply a synchronized clock. 

In general, when using an external clock source for 
PWM, its frequency should be much less than the 
device frequency (Fosc). 
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12.1.3.3.1 MAX RESOLUTION/FREQUENCY FOR 
EXTERNAL CLOCK INPUT 

The use of an external clock for the PWM time-base 
(Timer1 or limer2) limits the PWM output to a maxi
mum resolution of 8-bits. The PWxDCL<7:6> bits must 
be kept cleared. Use of any other value will distort the 
PWM output. All resolutions are supported when inter
nal clock mode is selected. The maximum attainable 
frequency is also lower. This is a result of the timing 
requirements of an external clock input for a timer (see 
the Electrical Specification section). The maximum 
PWM frequency, when the timers clock source is the 
RB4/TCLK12 pin, is shown in Table 12-3 (standard res
olution mode). 

PIC17C4X 

12.2 

TMR3 is a 16-bit timer consisting of the TMR3H and 
TMR3L registers. TMR3H is the high bY1e of the timer 
and TMR3L is the low bY1e. This timer has an associ
ated 16-bit period register (PR3H/CA1H:PR3UCA1L). 
This period register can be software configured to be a 
second 16-bit capture register. 

When the TMR3CS bit (TCON1<2>) is clear, the timer 
increments every instruction cycle (OSC/4). When 
TMR3CS is set, the timer increments on every falling 
edge of the RB5/TCLK3 pin. In either mode, the 
TMR30N bit must be set for the timer to increment. 
When TMR30N is clear, the timer will not increment or 
set the TMR31F bit. 

TMR3 has two modes of operation, depending on the 
CA 1~ bit (TCON2<3>). These modes are: 

• One capture and one period register mode 

• Dual capture register mode 

The PIC17C4X has up to two 16-bit capture registers 
that capture the 16-bit value of TMR3 when events are 
detected on capture pins. There are two capture pins 
(RBO/CAP1 and RB1/CAP2), one for each capture reg
ister. The capture pins are multiplexed with PORTS 
pins. An event can be: 

• a rising edge 
• a falling edge 
• 4 rising edges 
• 16 rising edges 

Each 16-bit capture register has an interrupt flag asso
ciated with It. The flag is set when a capture is made. 
The capture module is truly part of the limer3 block. 
Figure 12-7 and Figure 12-8 show the block diagrams 
for the two modes of operation. 

TABLE 12-4: REGISTERS/BITS ASSOCIATED WITH PWM 

Address Name Bit7 

16h, Bank3 TCON1 

17h, Bank3 TCON2 

10h. Bank2 TMR1 

11h, Bank2 TMR2 

16h. Bank 1 PIR 

17h, Bank 1 PIE 

07h, Unbanked INTSTA 

06h, Unbanked CPU STA 

10h, Bank 3 PW1DCL 

11h, Bank3 PW2DCL DC1 

12h, Bank 3 PW1DCH DC9 

Bit6 Bit5 Bit4 Bit3 Bit2 

DCB 

Bit 1 BitO 
Value on 
Power-On 

Reset 

Value on 
all other 
resets 

(Nolet) 

TMR2CS TMR1CS 0000 0000 0000 0000 

TMR20N TMR10N 0000 0000 0000 0000 

xxxx xxxx uuuu uuuu 

xxxx xxxx uuuu uuuu 

0000 0010 0000 0010 

0000 0000 0000 0000 

0000 0000 0000 0000 

--11 11-- --11 ??--

xx-- ---- uu-- ----

xxO- ---- uuO- ----

xxxx xxxx uuuu uuuu 

13h. Bank 3 PW2DCH DC9 DCB DC7 DC6 DCS DC4 xxxx xxxx uuuu uuuu 

Legend: x = unknown, u = unchanged, - = unimplemented, reads as 'O', ? =value depends on conditions. 
Note 1: Shaded cells are not used by PWM. 
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12.2.1 ONE CAPTURE AND ONE PERIOD 
REGISTER MODE . 

In this mode registers PR3H/CA1H and PR3UCA1L 
constitute a 16-bit period register. A block diagram is 
shown in Figure 12-7. The timer increments until it 
equals the period register and then resets to OOOOh. 
TMR3 Interrupt Flag bit (TMR31F) is set at this point. 
This interrupt can be disabled by clearing the TMR3 
Interrupt Enable bit (TMR31E). TMR31F must be 
cleared in software. 

This mode is selected if control bit CA1/PR3 is clear. In 
this mode, the Capture1 register, consisting of high 
byte (PR3H/CA 1 H) and low byte (PR3UCA 1 L), is con
figured as the period control register for TMR3. 
Capture1 is disabled in this mode, and the. correspond
ing Interrupt bit CA 1 IF is never set. Timer3 increments 
until it equals the value in the period register and then 
resets to OOOOh. 

Capture2 is active in this mode. The CA2ED1 and 
CA2EDO bits determine the event on which capture will 
occur. The possible events are: 

• Capture on every falling edge 
• Capture on every rising edge 
• Capture every 4th rising edge 
• Capture every 16th rising edge 

When a capture takes place, an interrupt flag is latched 
into the CA21F bit. This interrupt can be enabled by set
ting the corresponding mask bit CA21E. The Peripheral 
Interrupt Enable bit (PEIE) must be set and the Global 
Interrupt Disable bit (GLINTD) must be cleared for the 
interrupt lo be acknowledged. The CA21F interrupt flag 
bit must be cleared in software. 

When the capture prescale select is changed, the pres
caler is not reset and an event may be generated. 
Therefore, the first capture after such a change will be 
ambiguous. However, it sets the time-base for the next 
capture. The prescaler is reset upon chip reset. 

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, 
the user can activate a capture by writing to the port pin. 
This may be useful during development phase to emu
late a capture interrupt. 

The input on capture pin RB1/CAP2 is synchronized 
internally to internal phase clocks. This imposes certain 
restrictions on the input waveform (see the Electrical 
Specification section for timing). 

The Capture2 overflow status flag bit is double buff
ered. The master bit is set if one captured word is 
already residing in the Capture2 register and another 
"event" has occurred on the 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) 
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 capture overflow flag bits is shown in 
Example 12-1. 

EXAMPLE 12-1: SEQUENCE TO READ 
CAPTURE REGISTERS 

MOVLB 3 ; Select Bank 3 
MOVPF CA2L, LO_BYTE ; Read Capture2 low 

; byte, store in LO_BYTE 
MOVPF CA2H, HI_BYTE ; Read Capture2 high 

byte, store in HI_BYTE 
MOVPF TCON2, STAT_VAL Read TCON2 into file 

STAT_ VAL 

FIGURE 12-7: TIMER3 WITH ONE CAPTURE AND ONE PERIOD REGISTER BLOCK DIAGRAM 

TMR3CS 
TCON1<2> 

I 
OSC/4 

RB5!TCLK3 

RB1/CAP2 
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Edge select 
prescaler select 

~2 
CA2ED1, CA2EDO 
TCON1<7:6> 

PR3H/CA1H PR3UCA1L 

Comparator x16 

TMR3H TMR3L 

CA2H CA2L 

SetTMR31F 
PIR<6> 

SetCA21F 
PIR<3> 
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12.2.2 DUAL CAPTURE1 REGISTER MODE 

This mode is selected by setting CA 1/PR3. A block dia
gram is shown in Figure 12-8. In this mode, TMR3 runs 
without a period register and increments from OOOOh to 
FFFFh and rolls over to OOOOh. The Timer3 interrupt 
Flag (TMR31F) is set on this roll over. The TMR31F bit 
must be cleared in software. 

Registers PR3H/CA1H and PR3UCA1Lmake a 16-bit 
capture register (Capture1). It captures events on pin 
RBO/CAP1. Capture mode is configured by the 
CA 1 ED1 and CA 1 EDO bits. Capture1 Interrupt Flag bit 
(CA 11 F) is set on the capture event. The corresponding 
interrupt mask bit is CA1 IE. The Capture1 overflow sta
tus bit is CA10VF. 

PIC17C4X 

The Capture2 overflow status flag bit is double buff
ered. The master bit is set if one captured word is 
already residing in the Capture2 register and another 
"event" has occurred on the RB1/CA2 pin. The new 
event will not transfer the Timer3 value to the capture 
register which protects 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) and then the master bit is reset. The user 
can then read TCON2 to determine the value of 
CA20VF. 

The operation of the Capture1 feature is identical to 
Capture2 (as described in Section 12.2.1 ). 

FIGURE 12·8: TIMER3 WITH TWO CAPTURE REGISTERS BLOCK DIAGRAM 
CA1ED1, CA1EDO~ 
(TCON1<5:4>) 2 

Edge Select PR3H/CA1H 
Prescaler Select 

RBO/CAP1 Capture Enable 

OSC/4 

PR3H/CA1H 

RB5/TCLK3 Capture Enable 

Edge Select 
Prescaler Select CA2H CA2L 

RB1/CAP2 2 t CA2ED1, CA2ED 
(TCON 1 <7:6>) 

TABLE 12·5: REGISTERS ASSOCIATED WITH CAPTURE 

Address Name Bit7 Bit& Bits Bit4 Blt3 

16h. Bank3 TCON1 CA2ED1 CA2EDO CA1ED1 

17h, Bank3 TCON2 CA20VF CA10VF 
·:·~· ... : .:;~:·:·:·:-:·:·:·:·:·:~ 

12h, Bank2 TMR3L limer3 low byte 

13h, Bank2 TMR3H 

16h, Bank1 PIA 

17h, Bank1 PIE 

07h, Unbanked INTSTA 

oeh, Unbanked CPUSTA 

17h, Bank2 PR31-VCA1H limer3 period register, high byte/capture! register, high byte 

14h, Bank 3 CA2L Capture2 low byte 

15h, Bank 3 CA2H Capture2 high byte 

Legend: x = unknown, u = unchanged, - = unimplemented, reads as 'O'. ? • Value depends on condition. 
Note 1: Shaded cells are not used by Capture. 
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SetCA IF 
(PIR<2>) 

SetTMR31F 
(PIR<6>) 

SetCA21F 
(PIR<3>) 

Value on Value on all 
Power-On other resets 

Resat (Note1) 

0000 0000 0000 0000 

0000 0000 0000 0000 

xxxx xxxx uuuu uuuu 

xxxx xxxx uuuu uuuu 

0000 0010 0000 0010 

0000 0000 0000 0000 

0000 0000 0000 0000 

--11 11-- --11 ??--

xxxx xxxx uuuu uuuu 

xxxx xxxx uuuu uuuu 

xxxx xxxx uuuu uuuu 

xxxx xxxx uuuu uuuu 
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12.2.3 EXTERNAL CLOCK INPUT FOR TIMER3 

When TMR3CS is set, the 16-bit TMR3 increments on 
the falling edge of clock input TCLK3. The input on the 
RB5/TCLK3 pin is sampled and synchronized by the 
internal phase clocks twice every instruction cycle. This 
causes a delay from the time a falling edge appears on 
TCLK3 to the lime TMR3 is actually incremented. For 
the. external clock input timing requirements, see the 
Electrical Specification section. Figure 12-9 shows the 
liming diagram when operating from an external clock. 

12.2.4 READING/WRITING TIMER3 

Since 1imer3 is a 16-bit timer and only 8-bits at a time 
can be read or written, care should be taken when read
ing . or writing while the timer is running. The best 
method to read or write the timer is to stop the timer, 
perform any read or write operation, and then restart 
1imer3 (using the TMR30N bit). However, if ii is neces
sary to keep 1imer3 free-running, care must be taken. 
For writing to the 16-bit 1imer3, Example 12~2 may be 
used. For reading the 16-bit limer3, Example 12-3 may 
be used. 

EXAMPLE 12-2: WRITING TOTMR3 
BSF CPUSTA, GLINTD Disable interrupt 
MOVFP RAM.,_L, TMR3L 
MOVFP RAM.JI, TMR3H 
BCF CPUSTA,. GLINTD Done, enable interrupt 

EXAMPLE 12-3: READING FROMTMR3 
MOVPF TMR3L, TMPLO ;read low tmrO 
MOVPF TMR3H, TMPHI ;read high tmrO 
MOVFP TMPLO, WREG ;tmplo -> wreg 
CPFSLT TMR3L, WREG ;tinrOl < wreg? 
RETFIE ;no then return 
MOVPF TMR3L, TMPLO ;read low tmrO 
MOVPF TMR3H, TMPHI ;read high tmrO 
RETFIE ;return 

Interrupts must be disabled during this subroutine. 

FIGURE 12-9: TMR1, TMR2, AND TMR3 OPERATION IN EXTERNAL CLOCK MODE 

~1 l02la3I04 ~1 la2ja3I04 ~1 la2la3la4 :a1l02IC3I04:a11a2la3104:a1 la21a3104: 

+ + + 
TCLK12 l'SS'\l :1r-~~~ 

TMR1, TMR2, orTMR3 • 34h Xr.----. 
PR1, PR2, or PR3H:PR3L ,___'A_9_h' _ _,_ ___ '-+-----'-----'----..__ __ __. 

WR_TMR 

Read_TMR ,,_' ___ ..__ __ __..___. 

TMRxlF 

Instruction { 
executed 
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MOVWF ' MOVFP • MOVFP 
TMAx ' TMRx,W • TMRx,W ' 

: Wnte to TMRx : Read TMRx Read TMRx 

Note 1: TCLK12 Is sampled in 02 and 04. 
2: J. indicates a sampling point. 
3: The latency from TCLK12 J. to timer increment is between 2 Tosc and 6 Tosc. 
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FIGURE 12·10: TMR1, TMR2, ANDTMR3 OPERATION IN TIMER MODE 

:aia~a~a~aiaija~a~aiaija~a~aia~a~a~aia~a~a~a1a~a~a~aia~a~a~a1a~a~a~aia~a~a~aia~a~a~a1a~~a~ 

AD<15:0> ' cx=:j 
ALE I 

NOP Instruction { : MOVWF : MOVF : MOVF : MOVLB 3 I BSF 
fetched • TMR1 • TMR1, W ' TMR1, W 1 1 TCON2, o 1 

;writeTMR1: ReadTMR1: ReadTMR1: :s1opTMR1 : 

TMR1 04h 03h 04h 07h 

PR1 

TMR10N 

WR_TMR1 ~' ---~--~ 

WR_TCON2 

TMR11F 

RD_TMR1 

'TMR1 'TMR1 
' reads 03h • reads 04h ' 

TABLE 12-6: SUMMARY OFTMR1, TMR2, ANDTMR3 REGISTERS 

Address Name Bit7 Bit6 Bit& Bit4 Blt3 Blt2 Blt1 BllO 

16h, Bank3 TCON1 CA2ED1 CA2EDO CA1ED1 CA1EDO T16 TMR3CS TMR2CS TMR1CS 

17h, Bank3 TCON2 CA20VF CA10VF PWM20N PWM10N CA111'R3 TMR30N TMR20N TMR10N 

10h, Bank2 TMR1 limer1 

11h, Bank 2 TMR2 limer2 

12h. Bank2 TMR3L limer3 low byte 

13h, Bank2 TMR3H 

16h, Bank 1 PIR 

17h, Bank 1 PIE 

07h, Unbanked INTSTA 

06h, Unbanked CPUSTA 

14h, Bank2 PR1 

15h, Bank2 PR2 

16h, Bank2 PR3L/CA1L 

17h, Bank2 PR3H/CA1H 

10h, Bank3 PW1DCL 

11h, Bank3 PW2DCL DC1 

12h, Bank3 PW1DCH DC9 DCB 

13h, Bank3 PW2DCH DC9 DCB 

14h, Bank 3 CA2L Capture2 low byte 

15h, Bank 3 CA2H Capture2 high byte 

Legend: x =unknown, u = unchanged, - =unimplemented, reads as 'O'.? - Value depends on condition. 
Note 1: Shaded cells are not used by TMR1, TMR2 or TMR3. 
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NOP NOP 

OBh OOh 

Value on Value on all 
Power-On other resets 

Reset (Note1) 

0000 0000 0000 0000 

0000 0000 0000 0000 

xxxx xxxx uuuu uuuu 

xxxx xxxx uuuu uuuu 

xxxx xxxx uuuu uuuu 

0000 0010 0000 0010 

0000 0000 0000 0000 

0000 0000 0000 0000 

--11 11-- --11 ??--

xxxx xxxx uuuu uuuu 

xxxx xxxx uuuu uuuu 

xxxx xxxx uuuu uuuu 

xxxx xxxx uuuu uuuu 

xx-- uu--

xxO- uuO- ----

xxxx xxxx uuuu uuuu 

xxxx xxxx uuuu uuuu 

xxxx xxxx uuuu uuuu 

xxxx xxxx uuuu uuuu 
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NOTES: 
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13.0 SERIAL COMMUNICATION 
INTERFACE (SCI) MODULE 

The Serial Communication Interface (SCI) module is a 
serial 1/0 module. The SCI (USART) 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 DIA integrated 
circuits, Serial EEPROMs etc. The SCI can be config
ured in the following modes: 

• Asynchronous (full duplex) 

• Synchronous - Master (half duplex) 

• Synchronous - Slave (half duplex) 

The SPEN (RCSTA<7>) bit has to be set in order to 
configure RC6 and RC7 as the Serial Communication 
Interface. 

PIC17C4X 

The SCI module will control the direction of the 
RA4/RX/DT and RAS/TX/CK pins, depending on the 
states of the SCI configuration bits in the RCSTA and 
TXSTA registers. The bits that control 1/0 direction are: 

• SPEN 
• TXEN 
• SREN 
• CREN 
• CSRC 

The Transmit Status And Control Register is shown in 
Figure 13-1, while the Receive Status And Control Reg
ister is shown in Figure 13-2. 

FIGURE 13-1: TXSTA REGISTER (ADDRESS: 15H, BANK 0) 

R/W-0 R/W-0 R/W-0 R/W-0 U-0 U-0 R-1 R/W-x 
I CSRC I 1'<B/9 I TXEN I SYNC I TRMT I TXDB I 
bit? 

bit 7: CSRC: Clock Source Select bit 
Synchronous mode· 

bit6: 

bitS: 

bit4: 

bil3-2: 

bit 1: 

1 = Master Mode (Clock generated internally from BRG) 
o =Slave mode (Clock from external source) 
Asynchronous mode: 
Don't care 

TX8/9: Transmit Data Length bit 
1 = Selects 9-bit transmission 
O = Selects 8-bit transmission 

TXEN: Transmit Enable bit 
1 =Transmit enabled 
O =Transmit disabled 
SREN/CREN overrides TXEN in SYNC mode 

SYNC: SCI mode Select bit 
(Synchronous/ Asynchronous) 
1 =Synchronous mode 
O = Asynchronous mode 

Unimplemented, reads as 'O' 

TRMT: Transmit Shift Register (TSR) Empty bit 
1 =TSR empty 
O=TSRfull 

bitO 

R = Readable bit 
W = Writable bit 
-n = Value at POR reset 

(x = unknown) 

bitO: TXDS: 9th bit of transmit data (can be used to calculated the parity in software) 
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FIGURE 13-2: RCSTA REGISTER (ADDRESS: 13H, BANK 0) 

R/W-0 R/W-0 R/W-0 R/W-0 U-0 R- 0 R-0 R-x 
RCD8 I I SPEN I RC8/9 I SREN I CREN I FERR OERR 

bit7 bitO 

bit 7: SPEN: Serial Port Enable bit 
1 =Configures RC7/RX/DT and RC6/TX/CK pins as serial port pins 
O =Serial port disabled 

bit 6: RC8/9: Receive Data Length bit 
1 =Selects 9-bit reception 
O =Selects 8-bit reception 

bit 5: SREN: Single Receive Enable bit 

R =Readable bit 
W = Writable bit 
-n = value at POR reset 

(x = unknown) 

This bit enables the reception of a single byte. After receiving the byte, this bit is automatically cleared. 
Synchronous mode· 
1 = Enable reception 
O = Disable reception 
Note: This bit is ignored in synchronous slave reception. 
Asvnchronous mode: 
Don't care 

bit 4: CREN: Continuous Receive Enable bit 
This bit enables the continuous reception of serial data. 
Asynchronous mode· 
1 = Enable reception 
O = Disables reception 
Svnchronous mode: 
1 = Enables continuous reception until CREN is cleared (CREN overrides SREN) 
O = Disables continuous reception 

bit 3: Unimplemented, reads as 'O' 

bit 2: FERR: Framing Error bit 
1 =Framing error (Updated by reading RCREG) 
O = No framing error 

bit 1: OERR: Overrun Error bit 
1 = Overrun (Cleared by clearing CREN) 
o = No overrun error 

bit O: RCD8: 9th bit of receive data (can be the software calculated parity bit) 
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FIGURE 13-3: SCllRANSMIT 

Sync/Async 

TSR l 
~ m M - M - W M - M - - - M m M M M M ~ 

Bit Count 
TXREG 

TXSTA<O> 

FIGURE 13-4: SCI RECEIVE 

Sync/Async 

SPEN 
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TXIE 

PIC17C4X 

Async/Sync 

Data Bus 

Interrupt 

SREN/ 
CREN/ 
Start_Bit 
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13.1 SCI Baud Rate Generator CBRG) 

The BRG supports both the Asynchronous and Syn· 
chronous modes of the SCI. II is a dedicated B·bil baud 
rate generator. The SPBRG register controls the period 
of a free running 8-bit timer. Table 13-1 shows the for
mula for computation of the baud rate for different SCI 
modes. These only apply when the SCI is in synchro
.nous master mode (internal clock) and asynchronous 
mode. 

Given the desired baud rate and Fosc, the nearest inte
ger value between 0 and 255 can be calculated using 
the fonnula below. The error in baud rate can then be 
detennined. 

TABLE 13·1: BAUD RATE FORMULA 

SYNC Mode Baud Rate 

0 Asynchronous Fosc/(64(X+1)) 
1 Synchronous Fosc/(4(X+1)) 

X = value in SPBRG (0 to 255) 

Example 13-1 shows the calculation of the baud rate 
error for the following conditions: 

FOSC= 16 MHz 

Desired Baud Rate = 9600 

SYNC=O 

EXAMPLE 13-1: CALCULATING BAUD 
RATE ERROR 

Desired Baud rate=Fosc I (64 (X + 1)) 

Error 

9600 = 16000000 /(64 (X + 1)) 

x 25.042 =25 

Calculated Baud Rate=16000000 I (64 (25 + 1)) 

9615 

tcalculajed Baud Rate - Desjred Baud Rataj 
Desired Baud Rate 

(9615 - 9600) / 9600 

0.16% 

Writing a new value to the SPBRG, causes the BAG 
timer to be reset (or cleared), this guarantees that the 
BRG does not wail for a timer overflow before output
ting the new baud rate. 

TABLE 13·2: REGISTERS ASSOCIATED WITH BAUD RATE GENERATOR 

Addr•• Name Bit7 

13h, Bank O RCSTA SPEN 

15h, Bank 0 TXSTA CSRC 

Value on 
Power-On 

Reset 

Value on all 
other resets 

(Note1) 

0000 -OOx 0000 ..:oou 

0000 --lx 0000 --lu 

17h, Bank O SPBRG Baud rate generator register xxxx xxxx uuuu uuuu 

Legend: x = unknown, u = unchanged, - = unimplemented, reads as a 'O'. 
Note 1: Other (non power-up) resets Include: external reset through~ and Watchdog Timer time-out reset. 

2: Shaded cells are not used by the Baud Rate Generator. 
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TABLE 13-3: BAUD RATES FOR SYNCHRONOUS MODE 

BAUD 
FOSC=25MHz 

SPBRG 
FOSC=20MHz 

SPBRG 
FOSC= 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 
FOSC= 10MHz 

SPBRG 
FOSC= 7.159 MHz 

SPBRG 
Fosc = 5.068 MHz 

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 
Fosc = 3.579 MHz 

SPBRG 
FOSC=1 MHz 

SPBRG 
Fosc = 32.768 kHz 

SPBRG 
RATE value value value 

(K) KBAUD %ERROR (decimal) KBAUD %ERROR (decimal) KBAUD %ERROR (decimaQ 

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 0.976 - 255 0.032 - 255 
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TABLE 13-4: BAUD RATES FOR ASYNCHRONOUS MODE 

BAUD FOSC=25 MHz SPBRG 
FOSC=20MHz SPBRG FOSC= 16MHz SPBRG 

RATE value value value 
(K) KBAUD %ERROR (decimaQ 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 FOSC=10MHz SPBRG FOSC=7.159MHz SPBRG 
Fosc = 5.068 MHz 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 

19.2 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 0.610 - 255 0.437 - 255 0.309 - 255 

BAUD Fosc = 3.579 MHz SPBRG Fosc= 1 MHz SPBRG Fosc = 32. 768 kHz 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 0.218 - 255 0.061 - 255 0.002 - 255 
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13.2 SCI Asynchronous Mode 

In this mode, the SCI uses standard nonretum-to-zero 
(NRZ) 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 rate generator can be 
used to derive standard baud rate frequencies from the 
oscillator. The SCl's transmitter and receiver are func
tionally independent but use the same data format and 
baud rate. The baud rate generator produces a clock 
64x of the bit shift rate. 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 clearing the 
SYNC bit (TXSTA<4>). 

The SCI Asynchronous module consists of the follow
ing important elements: 

• Baud Rate Generator 
• Sampling Circuit 
• Asynchronous Transmitter 
• Asynchronous Receiver 

13.2.1 SCI ASYNCHRONOUS TRANSMITTER 

The SCI transmitter block diagram is shown in 
Figure 13-3. The heart of the transmitter is the transmit 
shift register (TSR). The shift register obtains its data 
from the read/write transmit buffer (TXREG). 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 available). 
Once TXREG transfers the data to the TSR (occurs in 
one Tcv at the end of the current BRG cycle), the 
TXREG is empty and an interrupt bit, TXIF (PIR<1>) is 
set. This interrupt can be enabled or disabled by the 
TXIE bit ( PIE<1>). TXIF will be set regardless of TXIE 
and cannot be reset in software. It will reset only when 
new data is loaded into TXREG. While TXIF indicates 
the status of the TXREG, the TRMT (TXSTA<1>) bit 
shows the status 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 TXREG has been loaded with data and the 
baud rate generator (BRG) has produced a shift clock 
(Figure 13-5). The transmission can also be started by 
first loading TXREG and then setting TXEN. 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. A back-to-back 
transfer is thus possible (Figure 13~). Clearing TXEN 
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during a transmission will cause the transmission to be 
aborted. This will reset the transmitter and the 
RAS/TX/CK 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 TXD8 (TXSTA<O>). The ninth bit 
must be written before writing the 8-bit data to the 
TXREG. This is because a data write to TXREG can 
result in an immediate transfer of the data to the TSR 
(if the TSR is empty). 

Steps to follow when setting up an Asynchronous 
Transmission: 

1. Initialize the SPBRG register for the appropriate 
baud rate. 

2. Enable the asynchronous serial port by config· 
uring the bits SYNC = 0 and SPEN = 1. 

3. If interrupts are desired, then the TXIE bit should 
beset. 

4. If 9-bit transmission is desired, then the TX8/9 
bit should be set. 

5. Load data to the TXREG register. 

6. If 9-bit transmission is selected, the ninth bit 
should be loaded in TXD8. 

7. Enable the transmission by setting TXEN (starts 
transmission). 

Writing the transmit data to the TXREG, then enabling 
the transmit (setting TXEN) allows transmission to start 
sooner then doing these two events in the opposite 
order. 
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FIGURE 13-5: ASYNCHRONOUS MASTERTRANSMISSION 

Write ID TXREG 

BRGoutr>ut 
(shift clock) 

TX 
(RAS/TX/CK pin) ~ StartBit /, BitO X Bit1 >e:S.t::x Blt7/8 /stopBit 

Word 1 

TXIFbit 

TRMTbit 

t 
Word1 -
Transmit Shift Reg 

FIGURE 13-6: ASYNCHRONOUS MASTER TRANSMISSION (BACK TO BACK) 

Write to TXREG 

~~= 
TX 

(RA5/TX/CK pin) 

TXIFbit 

TRMTbit 

t 
Word1 -
Transmit Shift Reg. 

Note: This timing diagram shows two consecutive transmissions. 

Wort_ 
Transmit Shift Reg. 

TABLE 13-5: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION 

Value on 
Address Name Bit7 Bit& Bit5 Bit4 Bit3 Bit2 Blt1 BltO Powar-On 

Rase! 

16h, Bank 1 PIR RBIF TMR31F TMR21F TMR11F CA21F CA11F TXIF RCIF 0000 0010 

13h, Banko RCSTA SPEN I ·-~~y.:k \~. ·~:· ·:.::::.·:···· •• ifu;', 0000 -oox 

16h, Bank 0 TXREG Serial port transmit register xxxx xxxx 

17h, Bank1 PIE RBIE TMR31E TMR21E TMR11E CA21E CA11E TXIE RCIE 0000 0000 

1sh, Banko TX STA .. ")ill! TXS/9 
"-illil TXEN SYNC ~rumfilmif;~~ TRMT TXOS 0000 --lx 

11h, Banko SPBRG Baud rate generator register xxxx xxxx 

Legend: x =unknown, u =unchanged, - =unimplemented, reads as a 'O'. 
Note 1: Other (non power-up) resets include: external reset through~ and Watchdog Timer time-out reset. 

2: Shaded cells are not used for asynchronous transmission. 

Valuaonall 
otherresats 

(Note1) 

0000 0010 

0000 -OOu 

uuuu uuuu 

0000 0000 

0000 --lu 

uuuu uuuu 
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13.2.2 SCI ASYNCHRONOUS RECEIVER 

The receiver block diagram is shown in Figure 13-4. 
The data comes in the RA4/RX/DT 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 CREN (RCSTA<4>). 

The heart of the receiver is the receive (serial) shift reg
ister (RSR). After sampling the stop bit, the received 
data in the RSR is transferred to the RCREG (if it is 
empty). If the transfer is complete, the interrupt bit 
RCIF (PIR<O>) is set. The actual interrupt can be 
enabled or disabled by the RCIE (PIE<O>) bit. RCIF is 
a read only bit which is reset by the hardware. It is 
cleared when RCREG has been read and is empty. 
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 RCREG FIFO and a 
third byte begin shifting to the RSR. On detection of the 
stop bit of the third byte, if the RCREG is still full, then 
the overrun error bit, OERR (RCSTA<1>) will be set. 
The word in the RSR will be lost. RCREG can be read 
twice to retrieve the two bytes in the FIFO. The OERR 
bit has to be cleared in software which is done by reset
ting the receive logic (CREN is set). If the OERR bit is 
set, transfers from the RSR to RCREG are inhibited, so 
it is essential to clear the OERR bit if it is set. The fram
ing error bit FERR (RCSTA<2>) is set if a stop bit is not 
detected. 

FIGURE 13-7: RX PIN SAMPLING SCHEME 

PIC17C4X 

13.2.3 SAMPLING 

The data on the RA4/RX/DT pin is sampled three times 
by a majority detect circuit to determine if a high or a 
low level is present at the RA4/RX/DT pin. The sam
pling is done on the seventh, eighth and ninth falling 
edges of a x16 clock (see Figure 11-3). These sample 
points have no relationship to the first falling edge of 
the start bit. 

The x16 clock is a free running clock, and the three 
sample points occur at a frequency of every 16 falling 
edges. 

RX -"'\~-----------Sta_rt_blt __________ ~~-B_ltO~ 
(RA4/RX/DT pin) 

Baud CLK for all but start bit r-
baud CLK --~-----------~-------------'I 

x16CLK 
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1 2 3 

t t t 
Samples 
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Steps to follow when setting up an Asynchronous 
Reception: 

1. Initialize the SPBRG register for the appropriate 
baud rate. 

2. Enable the asynchronous serial port by config
uring SYNC= 0 and SPEN = 1. 

3. If interrupts are desired, then the RCIE bit 
should be set. 

4. If 9-bit reception is desired, then the RXB/9 bit 
should be set. 

5. Enable the reception by setting CREN. 

6. The RCIF bit will be set when reception is com
plete and an interrupt will be generated if the 
RCIE bit is set. 

7. Read RCSTA to get the ninth bit (if enabled) and 
FERR bit to determine if any error occurred dur
ing reception. 

8. Read the 8-bit received data by reading 
RC REG. 

9. If an overrun error occurred, clear the error by 
clearing the OERR bit. 

FIGURE 13-8: ASYNCHRONOUS RECEPTION 

RX Start Start ~Start ~ 
(RA4/RX/0Tpin) --- -hii' ~~ "'b;'t' fbiiO\lL bil7/8 Stop bit it7J8 Stop 

~~"bit"~ bit 'bit 

~s~ ______ __,,,,c n cc n c e_________;~ 
Rev buffer reg ) : l )) l ) ;---: 

: Word 1 Word 2 Word 3 
Read Rev ( : RCREG ( ( RCREG ( ~· 
buffer reg ) )) ) : 

RC REG G s :, 
RCIF ) 

(interrupt flag) ' 

OERRbit C ( t=:f ) ) 
OREN ( (( ) JJL_ 

Nole: This timing diagram shows three words appearing on the RX input. The RCREG (receive buffer) is read after the third word, 
causing the OERR (overrun) bit to be set. 

TABLE 13·6: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION 

Address Name 

16h, Bank 1 PIR 

13h, Bank 0 RCSTA 

14h, Bank 0 RCREG 

17h, Bank 1 PIE 

Bit7 Bit6 
Value on 
Power-On 

Reset 

Value on all 
other resets 

(Note1) 

0000 0010 0000 0010 

0000 -cox 0000 -oou 

xxxx xxxx uuuu uuuu 

0000 0000 0000 0000 

15h, Bank 0 TXSTA 0000 --lx coco --lu 

17h, Bank 0 SPBRG Baud rate generator register xxxx xxxx uuuu uuuu 

Legend: x = unknown, u = unchanged, - =unimplemented, reads as a 'O'. 
Note 1: Other (non power-up) resets include: external reset through~ and Watchdog Timer time-out reset. 

2: Shaded cells are not used for asynchronous reception. 
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13.3 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 vice versa. The synchro-
nous mode is entered by setting the 
SYNC (TXSTA<4>) bit. In addition, the 
SPEN (RCSTA<7>) bit is set in order to configure the 
RAS and RA4 1/0 ports to CK (clock) and DT (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. 

13.3.1 SCI SYNCHRONOUS MASTER 
TRANSMISSION 

The SCI transmitter block diagram is shown in 
Figure 13-3. 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. 
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 TXREG (if available). 
Once TXREG transfers the data to the TSR (occurs in 
one Tcv at the end of the current BRG cycle), TXREG 
is empty and the TXIF (PIR<1>) bit is set. This interrupt 
can be enabled or disabled by the TXIE bit (PIE<1>). 
TXIF will be set regardless of TXIE and cannot be 
cleared in software. It will reset only when new data is 
loaded into TXREG. While TXIF indicates the status of 
TXREG, TRMT (TXSTA<1>) shows the status 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. 

Transmission is enabled by setting the 
TXEN (TXSTA<S>) bit. The actual transmission will not 
occur until TXREG has been loaded with data. The first 
data bit will be shifted out on the next available rising 
edge of the clock on the RA5fD(JCK pin. Data out is 
stable around the falling edge of the synchronous clock 
(Figure 13-10). The transmission can also be started 
by first loading TXREG and then setting TXEN. This is 
advantageous when slow baud rates are selected, 
since BRG is kept in RESET when 
TXEN=CREN=SREN=clear. Setting the TXEN bit will 
start the BRG, creating a shift clock immediately. Nor
mally when transmission is first started, the TSR is 
empty, so a transfer to TXREG will result in an immedi
ate transfer to the 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 reset the transmit
ter. The RA4/RX/DT and RAS/TX/CK pins will revert to 
hi-impedance. If either CREN or SREN are set during 
a transmission, the transmission is aborted and the 
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RA4/RX/DT pin reverts to a hi-impedance state (for a 
reception). The RAS/TX/CK pin will remain an output if 
CSRC = 1 (internal clock). The transmitter logic 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 ongoing transmis
sion and receive a single word), then after the single 
word is received, SREN will be cleared 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 driv
ing. To avoid this, TXEN should be cleared. 

In order to select 9-bit transmission, the 
TX8/9 (TXSTA<6>) bit should be set and the ninth bit 
should be written to TXD8 (TXSTA<O>). The ninth bit 
must be written before writing the 8-bit data to TXREG. 
This is because a data write to TXREG can result in an 
immediate transfer of the data to the TSR (if the TSR is 
empty). If the TSR was empty and 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: 

1. Initialize the SPBRG register for the appropriate 
baud rate (see Baud Rate Generator Section for 
details). 

2. Enable the synchronous master serial port by 
configuring the bits SYNC = 1, SPEN = 1 and 
CSRC= 1. 

3. Make sure CREN = SREN = O (these bits over
ride transmission when set). 

4. If interrupts are desired, then the TXIE bit should 
beset. 

S. If 9-bit transmission is desired, then the TX8/9 
bit should be set. 

6. Start transmission by loading data to the 
TXREG register. 

7. If 9-bit transmission is selected, the ninth bit 
should be loaded in TXD8. 

8. Enable the transmission by setting TXEN. 

Writing the transmit data to the TXREG, then enabling 
the transmit (setting TXEN) allows transmission to start 
sooner then doing these two events in the opposite 
order. 
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TABLE 13-7: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTERTRANSMISSION 

Address Name 

16h, Bank 1 PIA 

13h, Banko RCSTA 

1sh. Banko TX REG 

17h, Bank 1 PIE 

ish. Banko TXSTA 

Blt7 Bit6 Bits 
Value on 
Power-On 

Reset 

Value on all 
other resets 

(Note1) 

0000 0010 0000 0010 

0000 -OOx 0000 -OOu 

xxxx xxxx uuuu uuuu 

0000 0000 0000 0000 

0000 --lx 0000 --lu 

17h, Bank 0 SPBRG Baud rate generatorregister xxxx xxxx uuuu uuuu 

Legend: x = unknown, u =unchanged, - =unimplemented, reads as a 'O'. 
Note 1: Other (non power-up) resets include: external reset through~ and Watchdog Timer time-out reset. 

2: Shaded cells are not used for synchronous master transmission. 

FIGURE 13-9: SYNCHRONOUS TRANSMISSION 

~04~1 ~aia'io1 p.pap'io1 p:pa~1 p:pap«l1 p.pa~1 p.paJ04 
' 

(RA4/RX/0Tp?n\-. --~+---"1'-~-""bi10"--"·'-+--""~'---"""o-/''--,l.)-_,,.,~""'---"~=--"'-~-./'-~-~-..Jt:::x:=== 

(RA51TX/CKpY~ ~ 
Write to I 

TXREG~~-~---'n!---~----1S1--~--~--~--~--.....,,--~--
wnt~ ~rd 1 wnte:word 2 

TXIF ' : (. 1n1errup111ag ~1---~-~1---~------Sl--~-~ ;--~--

rnMT ~~-'-----'-----'---'-----ISJ---'---'----'----'--~s~ 

Note: Sync master mode; BAG= 0. Continuous transmission of two 8-bit words. 

FIGURE 13-10: SYNCHRONOUS TRANSMISSION (THROUGHTXEN) 

DT 
(RA4/RX/DT pin) 

CK 
(RASfrX/CK pin) 

Write to 
TXREG 

TXIFbit 

TRMTbit 
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--~x bitO X blt1 ~ LJ< bits x~ __ b_it7 __ _ 

~ 
_Jlf------~))1--~-

))i 
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13.3.2 SCI SYNCHRONOUS MASTER 
RECEPTION 

Once synchronous mode is selected, reception is 
enabled by setting either the SREN (RCSTA<5>) bit or 
the GREN (RCSTA<4>) bit. Data is sampled on the 
RA4/RX/DT pin on the falling edge of the clock. If 
SREN is set, then only a single word is received. If 
GREN is set, the reception is continuous until GREN is 
reset. If both bits are set, then GREN takes prece
dence. After clocking the last bit, the received data in 
the Receive Shift Register (RSR) is transferred to 
RCREG (if it is empty). If the transfer is complete, the 
interrupt bit RCIF (PIR<O>) is set. The actual interrupt 
can be enabled or disabled by the RCIE (PIE<O>) bit. 
RCIF is a read only bit which is reset by the hardware. 
In this case it is reset when RC REG has been read and 
is empty. 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 RCREG FIFO and a 
third byte to begin shifting into the RSR. On the clock
ing of the last bit of the third byte, if RC REG is still full, 
then the overrun error bit OERR (RCSTA<1>) is set. 
The word in the RSR will be lost. RCREG can be read 
twice to retrieve the two bytes in the FIFO. The OERR 
bit has to be cleared in software. This is done by clear
ing the GREN bit. If OERR bit is set, transfers from RSR 
to RCREG are inhibited, so it is essential to clear 
OERR bit if it is set. The 9th receive bit is buffered the 
same way as the receive data. Reading RCREG will 
load RCD8 with a new value; therefore, it is essential 
for the user to read the RCSTA register before reading 
RCREG in order not to lose the old RCD8 information. 

PIC17C4X 

Steps to follow when setting up a Synchronous Master 
Reception: 

1. Initialize the SPBRG register for the appropriate 
baud rate. See Section 13.1 for details. 

2. Enable the synchronous master serial port by 
configuring the bits SYNC = 1, SPEN = 1 and 
CSRC = 1. 

3. If interrupts are desired, then the RCI E bit 
should be set. 

4. If 9-bit reception is desired, then the RX8/9 bit 
should be set. 

5. If a single reception is required, set SREN. For 
continuous reception set CREN. 

6. The RCIF bit will be set when reception is com
plete and an interrupt will be generated if the 
RCIE bit were set. 

7. Read RCSTA to get the ninth bit (if enabled) and 
determine if any error occurred during reception. 

8. Read the 8-bit received data by reading 
RC REG. 

9. If any error occurred, clear the error by clearing 
GREN. 

TABLE 13-8: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER RECEPTION 

Address Name Bit7 Bits Bit5 

16h. Bank 1 PIA 

13h, Bank O RCSTA 

14h, Bank 0 RCREG 

17h, Bank 1 PIE 

Bit2 Bill 
Value on 

Power-On 
Reset 

Value on all 
other resets 

(Note1) 

0000 0010 0000 0010 

0000 -OOx 0000 -OOu 

xxxx xxxx uuuu uuuu 

0000 0000 0000 0000 

15h. Bank O TXSTA TRMT 0000 --lx 0000 --lu 

17h, Bank 0 SPBRG Baud rate generator register xxxx xxxx uuuu uuuu 

Legend: x =unknown, u =unchanged, - =unimplemented, reads as a 'O'. 
Note 1: Other (non power-up) resets include: external reset through 1iifCCT! and Watchdog Timer time-out reset. 

2: Shaded cells are not used for synchronous master reception. 
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FIGURE 13-11: SYNCHRONOUS RECEPTION (MASTER MODE, SREN) 

02ia31C4Jai02jo~1cj0l!jc~C4jc1ICl!Jc~c1c~Cl!jc~lc1ICl!Jcala.p1102jo*4p1l#4f11l02pap4p1j02pap4pjCl!j~C41 
I I I I I I I I I I I 

DT 
(RA4/RX/DT pln.1----~-../ 

CK 
(RA5/TX/CK pin) 

Write to the 
SREN bit 

SREN bit 

CRENblt _·o_·~~~~~~~~~~~~~~~~~~~~~~~~~~~·o~·· 

RCIFblt 

Read 
RCREG 

Note: liming diagram demonstrates SYNC master mode with SREN = 1. 
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13.4 SCI Synchronous Slave Mode 

The synchronous slave mode differs from the master 
mode in the fact that the shift clock is supplied exter· 
nally at the RAS/TX/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. 

13.4.1 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 TXREG and then the SLEEP 
instruction executes, the following will occur. The first 
word will immediately transfer to the TSR and transmit. 
The second word will remain in TXREG. TXIF will not 
be set. When the first word has been shifted out of 
TSR, TXREG will transfer the second word to the TSR 
and the TXIF flag will now be set. If TXIE is enabled, the 
interrupt will wake the chip from SLEEP and if the glo
bal interrupt is enabled, then the program will branch to 
interrupt vector (0020h). 

Steps to follow when setting up a Synchronous Slave 
Transmission: 

1. Enable the synchronous slave serial port by 
configuring the bits SYNC= 1, SPEN = 1 and 
CSRC=O. 

2. Make CREN = 0. 

3. If interrupts are desired, then the TXIE bit should 
beset. 

4. If 9-bit transmission is desired, then the TX8/9 
bit should be set. 

5. Start transmission by loading data to TXREG. 

6. If 9-bit transmission is selected, the ninth bit 
should be loaded in TXD8. 

7. Enable the transmission by setting TXEN. 

Writing the transmit data to the TXREG, then enabling 
the transmit (setting TXEN) allows transmission to start 
sooner then doing these two events in the opposite 
order. 
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13.4.2 SCI SYNCHRONOUS SLAVE RECEPTION 

Operation of the synchronous master and slave modes 
are 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 RSR will transfer the 
data to RCREG and if the RCIE 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 (0020h). 

Steps to follow when setting up a Synchronous Slave 
Reception: 

1. Enable the synchronous master serial port by 
configuring the bits SYNC = 1, SPEN = 1 and 
CSRC=O. 

2. If interrupts are desired, then the RCIE bit 
should be set. 

3. If 9-bit reception is desired, then the RXB/9 bit 
should be set. 

4. To enable reception, set CREN = 1. 
5. The RCIF bit will be set when reception is com

plete and an interrupt will be generated if the 
RCIE bit was set. 

6. Read RCSTA to get the ninth bit (if enabled) and 
determine if any error occurred during reception. 

7. Read the 8-bit received data by reading 
RC REG. 

8. If any error occurred, clear the error by clearing 
CREN. 

To abort reception, either clear the SPEN bit, the 
SREN bit (when in single receive mode), or the CREN 
bit (when in continuous receive mode). This will reset 
the receive logic, so that it will be in the proper state 
when receive is re-enabled. 
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TABLE 13·9: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE TRANSMISSION 

Address Name 

16h, Bank 1 PIR 

13h, Banko RCSTA 

1sh, Banko TX REG 

17h, Bank 1 PIE 

Value on 
Power-On 

Reaal 

0000 0010 

0000 -oox 

xxxx xxxx 

0000 0000 

15h, Bank 0 TXSTA 0000 --lx 

17h, Bank 0 SPBRG Baud rate generator register xxxx xxxx 

Legend: x = unknown, u = unchanged, - = unimplemented, reads as a 'O'. 
Note 1: Other (non power-up) resets Include: external reset through~ and Watchdog Timer time-out reset. 

2: Shaded cells are not used for synchronous slave transmission. 

TABLE 13-10: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE RECEPTION 

Value on 
Address Name Bil7 Power-On 

Reset 

16h, Bank1 PIR 0000 0010 

13h, BankO RCSTA 0000 -oox 

14h, BankO RC REG xxxx xxxx 

17h, Bank1 PIE 0000 0000 

15h, Banko TXSTA 0000 --lx 

Value on all 
other raaeta 

(Nota1) 

0000 0010 

0000 -OOu 

uuuu uuuu 

0000 0000 

0000 --lu 

uuuu uuuu 

Valuaonall 
other raaeta 

(Nolll1) 

0000 0010 

0000 -oou 

uuuu uuuu 

0000 0000 

0000 --lu 

17h, BankO SPBRG Baud rate generator register xxxx xxxx uuuu uuuu 

Legend: x = unknown, u = unchanged, - = unimplemented, reads as a 'O'. 
Note 1: Other (non power-up) resets include: external reset through~ and Watchdog Timer time-out reset. 

2: Shaded cells are not used for synchronous slave reception. 
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14.0 SPECIAL FEATURES OF THE 
CPU 

What sets a microcontroller apart from other proces
sors are special circuits to deal with the needs of real 
time applications. The PIC17CXX family has a host of 
such features intended to maximize system reliability, 
minimize cost through elimination of external compo
nents, provide power saving operating modes and offer 
code protection. These are: 

• OSC selection 

• Reset 

- Power-On Reset (POR) 

- Power-Up limer (PWRT) 

- Oscillator Start-Up limer (OST) 

• Interrupts 

• Watchdog limer (WOT) 

• SLEEP 

• Code protection 

FIGURE 14-1: CONFIGURATION WORD 

PIC17C4X 

The PIC17CXX has a Watchdog limer which can be 
shut off only through EPROM bits. It runs off its own RC 
oscillator for added reliability. There are two timers that 
offer necessary delays on power-up. One is the Oscil
lator Start-Up limer (OST), intended to keep the chip in 
RESET until the crystal oscillator is stable. The other is 
the Power-Up limer (PWRT), which provides a fixed 
delay of 96 ms (nominal) on power up only, designed to 
keep the part in RESET while the power supply stabi
lizes. With these two timers on-chip, most applications 
need no external reset circuitry. 

The SLEEP mode is designed to offer a very low cur
rent power-down mode. The user can wake 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 applica
tion. The RC oscillator option saves system cost while 
the LF crystal option saves power. Configuration bits 
are used to select various options. This configuration 
word has the format shown in Figure 14-1. 

U-x U-x U-x U-x U-x U-x U-x R/P-1 

bit15-7 

U-x R/P-0 
PM1 

bit15-7 

bit 15-9: Unimplemented, reads as a '1' 

bit 8,6,4: PM2, PM1, PMO, Processor Mode Select bits 
111 =Microprocessor Mode 
110 =Extended microcontroller mode 
101 =Microcontroller mode 
000 =Code protected microcontroller mode 

bit 7, 5: Unimplemented, reads as a 'O' 

bit 3-2: WDTPS1 :WDTPSO, WOT Postscaler Select bits 
11 = WOT enabled, postscaler = 1 
1 O = WOT enabled, postscaler = 256 
01 = WOT enabled, postscaler = 64 
00 = WOT disabled, 16-bit overflow timer 

bit 1-0: FOSC1 :FOSCO, Oscillator Select bits 
11 = EC oscillator 
1 O = XT oscillator 
01 = RC oscillator 
00 = LF oscillator 

PM2t 
bitO 

bitO 

R = Readable bit 
P = Programmable bit 
u = Unimplemented 
- n = Value for Erased Device 

(x = unknown) 

t This bit does not exist on the PIC17C42. Reading this bit will return an unknown value (x). 
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14.1 Confiauration Bits 

The PIC17CXX has seven configuration locations (see 
Table 14-1). These locations can be programmed (read 
as 'O') or left unprogrammed (read as '1 ') to select vari
ous device configurations. Any write to a configuration 
location, regardlesl! of the data, will program that con
figµration bit. A. TABLWT instruction is required to write 
to program memory locations. The configuration bits 
can be read by using the TABLRD instructions. Reading 
any configuration location between FEOOh and FE07h 
will read the low byte of the configuration word (see 
Figure 14-1) into the TABLATL register. The TABLATH 
register will be FFh. Reading a configuration location 
between FE08h and FEOFh will read the high byte of 
the configuration word into the TABLATL register. The 
TABLATH register will be FFh. 

Addresses FEOOh thru FEOFh are only in the program 
memory space for microcontroller and code protected 
microccintroller modes. A device programmer will be 
able to read the configuration word in any processor 
mode. See programming specifications for more detail. 

TABLE 14-1: CONFIGURATION 
LOCATIONS 

Bit Address 

FOSCO FEOOh 

FOSC1 FE01h 

WDTPSO FE02h 

WDTPS1 FE03h 

PMO FE04h 

PM1 FE06h 

PM2t FE08h t 
t This location does not exist on the PIC17C42. 
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14.2 Oscillator Conflaurations 

14.2.1 OSCILLATOR lYPES 

The PIC17CXX can be operated in four different oscil
lator modes. The user can program two configuration 
bits (FOSC1 :FOSCO) to select one of these four 
modes: 

• LF: 
• XT: 
• EC: 
• RC: 

14.2.2 

Low Power Crystal 
Crystal/Resonator 
External Clock Input 
Resistor/Capacitor 

CRYSTAL OSCILLATOR I CERAMIC 
RESONATORS 

In XT or LF modes, a crystal or ceramic resonator is 
connected to the OSC1/CLKIN and OSC2/CLKOUT 

·pins to establish oscillation (Figure 14-2). The 
PIC17CXX Oscillator design requires the use of a par
allel cut crystal. Use of a series cut crystal may give a 
frequency out of the crystal manufacturers specifica
tions. 

For frequencies above 20 MHz, i.t is common for the 
crystal to be an overtone mode crystal. Use of overtone 
mode crystals require a tank circuit to attenuate the 
gain at the fundamental frequency. Figure 14-3 shows 
an example of this. 

FIGURE 14-2: CRYSTAL OR CERAMIC 
RESONATOR OPERATION 
(XTORLFOSC 
CONFIGURATION) 

OSC1 _r1 rt OXTAL 

C2 

PIC17CXX 

See Table 14-2 and Table 14-3 for recommended 
values of C1 and C2. 

Note 1: A series resistor may be required for AT strip 
cut crystals. 
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FIGURE 14-3: CRYSTAL OPERATION, 
OVERTONE CRYSTALS (XT 
OSC CONFIGURATION) 

C1 OSC1 

~2~ D ______,~ 
To filter the fundamental frequency 

~ ~ (21")2 r.11 µF 0000 I PIC17C42 

Where f :::: tank circuit resonant frequency. This should be 
midway between the fundamental and the 3rd overtone 
frequencies of the crystal. 

TABLE 14-2: CAPACITOR SELECTION 
FOR CERAMIC 
RESONATORS 

Oscillator Resonator Capacitor Range 
Type Frequency C1 = C2 

LF 455 kHz 15-68pF 
2.0 MHz 10-33 pF 

XT 4.0 MHz 22 - 68 pF 
8.0 MHz 33-100pF 
16.0 MHz 33-100pF 

Higher capacitance increases the stability of the 
oscillator but also increases the start-up time. These 
values are for design guidance only. Since each res-
onator has its own characteristics, the user should 
consult the resonator manufacturer for appropriate 
values of external components. 

Resonators Used: 

455 kHz Panasonic EFO-A455K04B +/-0.3% 

2.0 MHz Murata Erie CSA2.00MG +/-0.5% 

4.0 MHz Murata Erie CSA4.00MG +/-0.5% 

8.0 MHz Murata Erie CSA8.00MT +/-0.5% 

16.0 MHz Murata Erie CSA16.00MX +/-0.5% 
Resonators used did not have built-in capacitors. 
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TABLE 14-3: CAPACITOR SELECTION 
FOR CRYSTAL 
OSCILLATOR 

Osc 
Freq C1 C2 

Type 

LF 32 kHzT 100-150 pF 100-150 pF 
1 MHz 10-33 pF 10-33 pF 
2MHz 10-33 pF 10-33 pF 

XT 2MHz 47-100 pF 47-100 pF 
4MHz 15-68 pF 15-68 pF 

8 MHz 2 15-47 pF 15-47 pF 
16 MHz TBD TBD 
25MHz 15-47 pF 15-47 pF 

Higher capacitance increases the stability of the 
oscillator but also increases the start-up time and the 
oscillator current. These values are for design guid-
ance only. Rs may be required in XT mode to avoid 
overdriving the crystals with low drive level specifica-
lion. Since each crystal has its own characteristics, 
the user should consult the crystal manufacturer for 
appropriate values for external components. 
Note 1: For VDD > 4.5V, Cl = C2 ~ 30 pf is recom-

mended. 
2: Rs of 3300 is required for a capacitor com-

bination of 15/15 pF. 

Crystals Used: 

32.768 kHz Epson C-001R32.768K-A ±20 PPM 

1.0 MHz ECS ECS-10-13-2 ±50 PPM 

2.0 MHz ECS ECS-20-S-1 ±50 PPM 

4.0 MHz ECS ECS-40-S-4 ±50 PPM 

8.0 MHz ECS ECS-80-S-4 ±50 PPM 

16.0 MHz TBD TBD 

25 MHz CTS CTS25M ±50 PPM 

14.2.3 EXTERNAL CLOCK OSCILLATOR 

In the EC oscillator mode, the OSC1 input can be 
driven by CMOS drivers. In this mode, the 
OSC1/CLKIN pin is hi-impedance and the OSC2/CLK
OUT pin is the CLKOUT output (4 Tosc). 

FIGURE 14-4: EXTERNAL CLOCK INPUT 
OPERATION (EC OSC 
CONFIGURATION) 

Clock from 
ext. system 

CLKOUT 
(Fosc/4) 

OSC1 

PIC17CXX 

OSC2 
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14.2.4 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 14-5 shows implementation of a parallel reso
nant 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 par
allel oscillator requires. The 4.7 kQ resistor provides 
the negative feedback for stability. The 1 O kQ potenti
ometer biases the 74AS04 in the linear region. This 
could be used for external oscillator designs. 

FIGURE 14-5: EXTERNAL PARALLEL 

+SV 

10k 

RESONANT CRYSTAL 
OSCILLATOR CIRCUIT 

10k 

XTAL 

D 

To Other 
Devices 

PIC17CXX 

Figure 14-6 shows a series resonant oscillator circuit. 
This circuit is also designed to use the fundamental fre
quency of the crystal. The inverter performs a 
180-degree phase shift in a series resonant oscillator 
circuit. The 330 kQ resistors provide the negative feed
back to bias the inverters in their linear region. 

FIGURE 14-6: EXTERNAL SERIES 
RESONANT CRYSTAL 
OSCILLATOR CIRCUIT 
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14.2.5 RC OSCILLATOR 

For timing insensitive applications, the RC device 
option offers additional cost savings. RC oscillator fre
quency is a function of the supply voltage, the resistor 
(Rext) and capacitor (Cext) values, and the operating 
temperature. In addition to this, oscillator frequency will 
vary from unit to unit due to normal process parameter 
variation. Furthermore, the difference in lead frame 
capacitance between package types will also affect 
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 PIC17CXX. For Rext values below 
2.2 k.Q, the oscillator operation may become unstable, 
or stop completely. For very high Rext values (e.g. 
1 MO), the oscillator becomes sensitive to noise, 
humidity and leakage. Thus, we recommend to keep 
Rext between 3 kn and 100 k!l 

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 little 
or no external capacitance, oscillation frequency can 
vary dramatically due to changes in external capaci
tances, such as PCB trace capacitance or package 
lead frame capacitance. 

See 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 fre
quency more). 

See Section 18.0 for variation of oscillator frequency 
due to Voo for given Rext/Cext values as well as fre
quency 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 pur
poses or to synchronize other logic (see Figure 3-2 for 
waveform). 

FIGURE 14-7: RC OSCILLATOR MODE 

VDD 

Rext 

CextI 

vss 
Fosc/4 

OSC2/CLKOUT 

Internal 
clock 
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14.3 Watchdog Timer CWDD 

The Watchdog Timer's function is to recover from soft
ware malfunction. The WOT uses an internal free run
ning on-chip RC oscillator for its clock source. This 
does not require any external components. This RC 
oscillator is separate from the RC oscillator of the 
OSC1/CLKIN pin. That means that the WOT will run, 
even if the clock on the OSC1/CLKIN and OSC2/CLK
OUT pins of the device has been stopped, for example, 
by execution of a SLEEP instruction. During normal 
operation and SLEEP mode, a WDT time-out gener
ates a device RESET. The WOT can be permanently 
disabled by programming the configuration bits 
WDTPS1:WDTPSO as '00' (Section 14.1). 

Under normal operation, the WOT must be cleared on 
a regular interval. This time is less the the minimum 
WOT overflow time. Not clearing the WOT in this time
frame will cause the WOT to overflow and reset the 
device. 

14.3.1 WOT PERIOD 

The WOT has a nominal time-out period of 12 ms, (with 
postscaler = 1 ). The time-out periods vary with temper
ature, VDD and process variations from part to part (see 
DC specs). If longer time-out periods are desired, a 
postscaler with a division ratio of up to 1 :256 can be 
assigned to the WOT. Thus, typical time-out periods up 
to 3.0 seconds can be realized. 

The CLRWDT and SLEEP instructions clear the WOT 
and the postscaler (if assigned to the WOT) and pre
vent it from timing out thus generating a device RESET 
condition. 

The TO bit in the STATUS register will be cleared upon 
a WOT time-out. 

© 1995 Microchip Technology Inc. 
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14.3.2 CLEARING THE WOT AND POSTSCALER 

The WOT and postscaler are cleared when: 

• The device is in the reset state 

• A SLEEP instruction is executed 

• A CLRWDT instruction is executed 

• Wake-up from SLEEP by an interrupt 

The WOT counter/postscaler will start counting on the 
first edge after the device exits the reset state. 

14.3.3 WDT PROGRAMMING CONSIDERATIONS 

It should also be taken in account that under worst case 
conditions (Voo = Min., Temperature = Max., max. 
WOT postscaler) it may take several seconds before a 
WOT time-out occurs. 

The WDT and postscaler is the Power-Up timer during 
the Power-On Reset sequence. 

14.3.4 WDT AS NORMAL TIMER 

When the WDT is selected as a normal timer, the clock 
source is the device clock. Neither the WOT nor the 
postscaler are directly readable or writable. The over
flow time is 65536 Tosc cycles. On overflow, the TO bit 
is cleared (device is not reset). The CLRWDT instruction 
can be used to set the TO bit. This allows this timer to 
be a simple overflow timer. When in sleep, this timer is 
stopped. 
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FIGURE 14-8: WATCHDOG TIMER BLOCK DIAGRAM 

On-chip RC 
Oscillator* 

WOT 
Timer 

WOT Enable 

•This oscillator is separate from the external RC oscillator 
on the OSC1 pin. 

Postscaler 

8 - to - 1 MUX -- WOTPS1 :WOTPSO 

WOT Overflow 

TABLE 14-4: REGISTERS/BITS ASSOCIATED WITH THE WATCHDOG TIMER 

Address Name 

Config 

06h, Unbanked CPUSTA 

Legend: - = Unimplemented, read as 'O', ? - Value depends on condition. 

Value on 
Power-On 

Reset 

Value on all 
other resets 

(Note1) 

(Note 3) (Note 3) 

--11 11-- --11 ??--

Note 1: Other (non power-up) resets include: external reset through MCLR and Watchdog Timer time-out reset. 
2: Shaded cells are not used by the WDT. 
3: This value will be as the device was programmed, or if unprogrammed, will read as all '1 's. 
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14.4 Power-Down Mode (SLEEP) 

The Power-Down mode is entered by executing a 
SLEEP instruction. This clears the Watchdog Timer and 
postscaler (if enabled). The PD bit is cleared and the 
TO bit is set (in the CPUSTA register). In sleep mode, 
the oscillator driver is turned off. The 1/0 ports maintain 
their status (driving high, low, or hi-impedance). 

The M'rn1i!VPP pin must be at a logic high level 
(VIHMC). A WOT time-out RESET does not drive the 
MCLRIVPP pin low. 

14.4.1 WAKE-UP FROM SLEEP 

The device can wake up from SLEEP through one of 
the following events: 

• APOR reset 

• External reset input on M'rn1i!VPP pin 

• WOT time-out reset (if WOT was enabled) 

• Interrupt from RAO/INT pin, RB port change, 
TOCKI interrupt, or some Peripheral Interrupts 

The following peripheral interrupts can wake-up from 
SLEEP: 

• Capture1 interrupt 

• Capture2 interrupt 

• SCI synchronous slave transmit interrupt 

• SCI synchronous slave receive interrupt 

Other peripherals can not generate interrupts since 
during SLEEP, no on-chip Q clocks are present. 

Any reset event will cause a device reset. Any interrupt 
event is considered a continuation of program execu
tion. The TO and PD bits in the CPUSTA register can 
be used to determine the cause of device reset. The PD 

PIC17C4X 

bit, which is set on power-up, is cleared when SLEEP 
is invoked. The 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 GUNTO bit. If the GUNTO 
bit is set (disabled), the device continues execution at 
the instruction after the SLEEP instruction. If the 
GUNTO bit is clear (enabled), the device executes the 
instruction after the SLEEP instruction and then 
branches to the interrupt vector address. 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 wake from 
SLEEP, regardless of the source of wake-up. 

14.4.1.1 WAKE-UP DELAY 

When the oscillator type is configured in XT or LF 
mode, the Oscillator Start-Up Timer (OST) is activated 
on wake-up. The OST will keep the device in reset for 
1024 Tosc. This needs to be taken into account when 
considering the interrupt response time when coming 
out of SLEEP. 

FIGURE 14-9: WAKE-UP FROM SLEEP THROUGH INTERRUPT 

OSC1 

CLKOUT(4) 

INT 
(RAO/INT pin) 

INTFflag 

GUNTO bit 

INSTRUCTION fLQW 

: Interrupt Latency (2) : 

•Processor• 
:in SLEEP: 

PC PC X~~~~P~C~+~1~__,X~~~P~¥~+2=--~-<X~~~U~004""'"'"h'--~~~~~~~0=00~5n~~ 

:~f:e~ion~ ~ Inst (PC)= SLEEP ' lnst(PC+t) 

Instruction ' Inst (PC-1) SLEEP 
executed : 

lnst(PC+2) 

Inst (PC+1) Dummy Cycle 

Note 1: XT or LF oscillator mode assumed. 
2: Tosi = 1024 Tosc (drawing not to scale). This delay will not be there for RC osc mode. 
3: When GUNTO = 0 processor jumps to interrupt routine after wake-up. If GUNTO = 1, execution will continue in line. 
4: CLKOUT is not available in these osc modes, but shown here for timing reference. 
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14.4.2 MINIMIZING CURRENT CONSUMPTION 

To minimize current consumption, 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-impedance 
inputs should be pulled high or low externally to avoid 
switching currents caused by floating inputs. The 
TOCKI input should be at Voo or Vss. The contributions 
from on-chip pull-ups on PORTB should also be con
sidered, and disabled when possible. 
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14.5 Code Protection 

The code in the program memory can be protected by 
selecting the microcontroller in code protected mode 
(PM2, PM1, PMO = '000'). 

In this mode, instructions that are in the on-chip pro
gram memory space, can continue to read or write the 
program memory. An instruction that is executed out
side of the internal program memory range will be inhib
ited from writing to or reading from program memory. 
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15.0 INSTRUCTION SET SUMMARY 
Each PIC17CXX instruction set consists of 58 instruc
tions. Each instruction is a 16-bit word divided into an 
OPCODE and one or more operands. The opcode 
specifies the instruction type, while the operand(s) fur
ther specify the operation of the instruction. The 
PIC17CXX instruction set can be grouped into three 
types: 

• byte-oriented 
• bit-oriented 
• literal and control operations. 

These formats are shown in Figure 15-1. 

Table 15-1 shows the field descriptions for the 
opcodes. These descriptions are useful for understand
ing the opcodes in Table 15-2 and in each specific 
instruction descriptions. 

byte-oriented instructions, 'I' represents a file regis
ter designator and 'd' represents a destination designa
tor. The file register designator specifies which file 
register is to be used by the instruction. 

The destination designator specifies where the result of 
the operation is to be placed. If 'd' = 'O', the result is 
placed in the WREG register. If 'd' = '1 ', the result is 
placed in the file register specified by the instruction. 

bit-oriented instructions, 'b' represents a bit field des
ignator 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. 

literal and control operations, 'k' represents an eight 
or eleven bit constant or literal value. 

The instruction set is highly orthogonal and is grouped 
into: 

• 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 

• the program counter is changed as a result of an 
instruction 

• a table read or a table write instruction is executed 
(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 25 MHz, the normal 
instruction execution time is 160 ns. If a conditional test 
is true or the program counter is changed as a result of 
an instruction, the instruction execution time is 320 ns. 
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TABLE 15-1: OPCODE FIELD 
DESCRIPTIONS 

Field Description 

f Register file address (OOh to FFh) 

p Peripheral register file address (OOh to 1 Fh) 

i Table pointer control i = 'O' (do not change) 
i = '1' (increment after instruction execution) 

t Table byte select t = 'O' (perform operation on lower 
byte) 
t = '1' (perform operation on upper byte literal field, 
constant data) 

WREG Working register (accumulator) 

b Bit address within an 8-bit file register 

k Literal field, constant data or label 

x Don1 care location (= 'O' or '1 ') 
The assembler will generate code with x = 'O'. It is 
the recommended form of use for compatibility with 
all Microchip software tools. 

d Destination select 
o =store result in WREG 
1 = store result in file register f 
Default is d = '1' 

u Unused, encoded as 'O' 

s Destination select 
0 =store result in file register f and in the WREG 
1 = store result in file register f 
Default is s = '1' 

label Label name 

C,OC, ALU status bits Carry, Digit Carry, Zero, Overflow 
z,ov 

GLIN'ID Global Interrupt Disable bit (CPUSTA<4>) 

TBLPTR Table Pointer (16-bit) 

TBLAT Table Latch (16-bit) consists of high byte (TBLATH) 
and low byte (TBLATL) 

TBLATL Table Latch low byte 

TBLATH Table Latch high byte 

TOS Top of Stack 

PC Program Counter 

BSR Bank Select Register 

WDT Watchdog Timer Counter 

TO Time-out btt 

PD Power-down bit 

dest Destination either the WREG register or the speci-
lied register file location 

[ l Options 

( ) Contents 

-; Assigned to 

<> Register bit field 

E In the set of 

italics User defined term (font is courier) 
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Table 15·2 lists the instructions recognized by the 
MPASM assembler. 

All instruction examples use the following format to rep
resent a hexadecimal number: 

Oxhh 

where h signifies a hexadecimal digit. 

To represent a binary number: 

0000 OlOOb 

where b signifies a binary string. 

FIGURE 15-1: GENERAL FORMAT FOR 
INSTRUCTIONS 

Byte-oriented file register operations 

15 9 B 7 

I OPCODE I d I 
d = O for destination WREG 
d = 1 for destination f 
f = B-bit file register address 

f (FILE#) 

Bit-oriented file register operations 

0 

15 11 10 B 7 0 

I OPCODE I b (BIT#)' f (FILE#) I 
b = 3-blt address 
f = B-bit file register address 

Lheral and control operations 

15 B 7 0 

I OPCODE I k (literal) I 
k = B-bit immediate value 
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15.1 Special Function Registers as 
Source/Destination 

The PIC17C4X's orthogonal instruction set allows read 
and write of all file registers, including special function 
registers. There are some special situations the user 
should be aware of: 

15.1.1 ALUSTA AS DESTINATION 

If an instruction writes to ALUSTA, the Z, C, DC and OV 
bits may be set or cleared as a result of the instruction 
and overwrite the original data bits written. For exam
ple, executing CLRF ALUSTA will clear register 
ALUSTA, andthen setthe Z bit leaving 0000 OlOOb in 
the register. 

15.1.2 PCL AS SOURCE OR DESTINATION 

Read, write or read-modify-write on PCL may have the 
following results: 

Read PC: 

Write PCL: 

Read-Modify-Write: 

PCH -t PCLATH; PCL-t dest 

PCLATH -t PCH; 
8-bit destination value -t PCL 

PCL-t ALU operand 
PCLATH -t PCH; 
8-bit result -t PCL 

Where PCH = program counter high byte (not an 
addressable register), PCLATH = Program counter 
high holding latch, dest = destination, WREG or f. 

15.1.3 BIT MANIPULATION 

All bit manipulation instructions are done by first read
ing 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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TABLE 15-2: PIC 17CXX INSTRUCTION SET 

Mnemonic, 
Operands 

Description 

BYTE-ORIENTED FILE REGISTER OPERATIONS 

ADDWF f,d ADD WREG to f 

ADDWFC f,d ADD WREG and Carry bit to f 

ANDWF l,d AND WREG with f 

CLRF l,s Clear f, or Clear f and Clear WREG 

COMF f,d Complement f 

CPFSEQ I Compare f with WREG, skip if f = WREG 

CPFSGT I Compare f with WREG, skip if f > WREG 

CPFSLT I Compare f with WREG, skip if f < WREG 

DAW f,s Decimal Adjust WREG Register 

DECF f,d Decrementf 

DECFSZ f,d Decrement f, skip if O 

DCFSNZ 1,d Decrement f, skip if not O 

INCF 1,d Increment I 

INCFSZ f,d Increment I, skip if 0 

INFSNZ 1,d Increment f, skip if not 0 

IORWF 1,d Inclusive OR WREG with I 

MOVFP 1,p Move f top 

PIC17C4X 

Cycles 16-bit Opcode 

MSb LSb 

Status 
Affected 

Notes 

0000 llld ffff ffff OV,C,DC,Z 

0001 OOOd ffff ffff OV,C,DC,Z 

0000 lOld ffff ffff Z 

0010 lOOs ffff ffff None 3 

1 0001 OOld ffff ffff z 
1 (2) 0011 0001 ffff ffff None 6,8 

1 (2) 0011 0010 ffff ffff None 2,6,8 

1 (2) 0011 0000 ffff ffff None 2,6,8 

1 0010 llls ffff ffff c 3 

1 0000 Olld ffff ffff OV,C,DC,Z 

1 (2) 0001 Olld ffff ffff None 6,8 

1 (2) 0010 Olld ffff ffff None 6,8 

1 0001 OlOd ffff ffff OV,C,DC,Z 

1 (2) 0001 llld ffff ffff None 6,8 

1 (2) 0010 OlOd ffff ffff None 6,8 

1 0000 lOOd ffff ffff z 
1 Ollp pppp ffff ffff None 

MOVPF p,f Move p to I 1 OlOp pppp ff ff ff ff Z 

MOVWF 1 Move WREG to I 1 0000 0001 ff ff ff ff None 

[t!'J.~~~~·il0t••·! ;J!:.t'~'c~'~'P,'~.'.ri. ~ss·~::c.UfilKS[§jJJillJM~1iU~1.0i.•~1 ~]fill~"~·.··£e£~ ])?'' 1 ~1i 
NEGW f,s Negate WREG 1 0010 llOs ff ff ff ff OV,C,DC,Z 1,3 

NOP - No Operation 1 0000 0000 0000 0000 None 

RLCF f,d Rotate left I through Carry 1 0001 lOld ffff ffff C 

RLNCF f,d Rotate left I (no carry) 1 0010 001a ffff ffff None 

RRCF f,d Rotate right I through Carry 1 0001 lOOd ffff ffff C 

RRNCF f,d Rotate right I (no carry) 1 0010 OOOd ffff ffff None 

SETF 1,s Seti 1 0010 lOls ffff ffff None 3 

SUBWF 1,d Subtract WREG from I 1 0000 OlOd ffff ffff OV,C,DC,Z 1 

SUBWFB 1,d Subtract WREG from f with Borrow 1 0000 OOld ffff ffff OV,C,DC,Z 1 

SWAPF f,d Swap! 1 0001 11oa ffff ffff None 

TABLRD t,i,f Table Read 2 (3) 1010 lOti ff ff ffff None 7 

TABLWT t,i,1 Table Write 2 1010 llti ffff ffff None 5 

Legend: Refer to Table 15-1 for opcode field descriptions, Shaded instructions are not available in the PIC17C42. 
Note 1: 2's Complement method. 

2: Unsigned arithmetic. 
3: Ifs= '1 ', only the file is affected: If s = 'O', both the WREG register and the file are affected; If only the Work

ing register (WREG) is required to be affected, then f = WREG must be specified. 
4: During an LCALL, the contents of PCLATH are loaded into the MSB of the PC and kkkk kkkk is loaded into 

the LSB of the PC (PCL) 
5: Multiple cycle instruction for EPROM programming when table pointer selects internal EPROM. The instruc

tion is terminated by an interrupt event. When writing to external program memory, it is a two cycle instruc
tion. 

6: Two cycle instruction when condition is true, else single cycle instruction. 
7: Two cycle instruction except for TABLRD to PCL (program counter low byte) in which case it takes 3 cycles. 
8: A "skip" means that instruction fetched during execution of current instruction is not executed, instead an 

NOP is executed. 
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PIC17C4X 

TABLE 15-2: PIC 17CXX INSTRUCTION SET (CONT.) 

Mnemonic, Description Cycles 16-bit Opcode Status Notes 
Operands MSb LSb Affected 

TLRD t,f Table Latch Read 1 1010 OOtx ff ff ff ff None 

TLWT t,f Table Latch Write 1 1010 Oltx ff ff ff ff None 

TSTFSZ f Test I, skip if o 1 (2) 0011 0011 ff ff ffff None 6,8 

XORWF f,d Exclusive OR WREG with f 1 0000 llOd ff ff ff ff z 
BIT-ORIENTED FILE REGISTER OPERATIONS 

BCF f,b Bit Clear I 1 1000 lbbb ffff ff ff None 

BSF f,b Bit Seti 1 1000 Obbb ff ff ff ff None 

BTFSC f,b Bit test, skip if clear 1 (2) 1001 lbbb ffff ff ff None 6,8 

BTFSS f,b Bit test, skip if set 1 (2) 1001 Obbb ff ff ff ff None 6,8 

BTG f,b BitToggle I 1 0011 lbbb ffff ff ff None 

LITERAL AND CONTROL OPERATIONS 

ADDLW k ADD literal to WREG 1 1011 0001 kkkk kkkk OV,C,DC,Z 

ANDLW k AND literal with WREG 1 1011 0101 kkkk kkkk z 
CALL k Subroutine Call 2 lllk kkkk kkkk kkkk None 7 

CLRWDT - Clear Watchdog Timer 1 0000 0000 0000 0100 TO,JSD 

GOTO k Unconditional Branch 2 llOk kkkk kkkk kkkk None 7 

IORLW k Inclusive OR literal with WREG 1 1011 0011 kkkk kkkk z 
LCALL k Long Call 2 1011 0111 kkkk kkkk None 4,7 

MOVLB k Move literal to low nibble in BSR 1 1011 1000 uuuu kkkk None 

'uil;L ~D"fr··~ ~ '-5.£:?21:+1!: ~ 
•{): 

'" ::IS ;.:f1 
: .. ·r fill 2lill 

MOVLW k Move literal to WREG 1 1011 0000 kkkk kkkk None 

~!:t'tm :;li•;; &\'! "''"'" c:;;·,fhl'ih:osi[ff'':JiP •<;:7~2 '1'hit\. lEG i''.": 3i't.Glhi3.S! 
cL.' !:ciiL ~LL :i'L:'.:.iL: ii'L!L 

RETFIE - Return from interrupt (and enable interrupts) 2 0000 0000 0000 0101 GUNTO 7 

RETLW k Return literal to WREG 2 1011 0110 kkkk kkkk None 7 

RETURN - Return from subroutine 2 0000 0000 0000 0010 None 7 

SLEEP - Enter SLEEP Mode 1 0000 0000 0000 0011 ro, JSD 

SUBLW k Subtract WREG from literal 1 1011 0010 kkkk kkkk OV,C,DC,Z 

XORLW k Exclusive OR literal with WREG 1 1011 0100 kkkk kkkk z 
Legend: Refer to Table 15-1 for opcode field descriptions, Shaded instructions are not available in the PIC17C42. 
Note 1: 2's Complement method. 

2: Unsigned arithmetic. 
3: If s = '1 ', only the file is affected: Ifs = 'O', both the WREG register and the file are affected; If only the Work

ing register (WREG) is required to be affected, then f = WREG must be specified. 
4: During an LCALL, the contents of PCLATH are loaded into the MSB of the PC and kkkk kkkk is loaded into 

the LSB of the PC (PCL) 
5: Multiple cycle instruction for EPROM programming when table pointer selects internal EPROM. The instruc

tion is terminated by an interrupt event. When writing to external program memory, it is a two cycle instruc
tion. 

6: Two cycle instruction when condition is true, else single cycle instruction. 
7: Two cycle instruction except for TABLRD to PCL (program counter low byte) in which case it takes 3 cycles. 
8: A "skip" means that instruction fetched during execution of current instruction is not executed, instead an 

NOP is executed. 
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ADDLW 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

ADD Literal to WREG 

[ label] ADDLW k 

0SkS255 

(WREG) + k --t (WREG) 

OV, C, DC,Z 

1 1011 I 0001 I kkkk kkkk 

The contents of WREG are added to 
the eight bit literal 'k' and the result is 
placed in WREG. 

1 

ADDLW OxlS 

Before Instruction 
WREG = Ox10 

After Instruction 
WREG = Ox25 

ADDWF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

ADDWREG tot 

[label] ADDWF l,d 

0$1$255 
d E (0,1) 

(WREG) + (I) --t (des!) 

OV,C, DC,Z 

I 0000 I 111a 1 ffff ffff 

Add WREG to register 'f'. If 'd' is 0 the 
result is stored in WREG. If 'd' is 1 the 
result is stored back in register 'f'. 

ADDWF REG, 0 

Before Instruction 
WREG Ox17 
REG OxC2 

After Instruction 
WREG OxD9 
REG OxC2 
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ADDWFC 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

~: 

PIC17C4X 

ADD WREG and Carry bit to f 

[label] ADDWFC f,d 

0$1$255 
d E [0,[j 

(WREG) + (I) + C --t (dest) 

OV, C, DC,Z 

I 0001 I OOOd I ffff I ffff 
Add WREG, the Carry Flag and data 
memory location 1'. If 'd' is 0, the result is 
placed in WREG. If 'd' is 1, the result is 
placed in data memory location 'f'. 

ADDWFC REG 0 

Before Instruction 
Carry bit 1 
REG Ox02 
WREG Ox4D 

After Instruction 
Carry bit O 
REG Ox02 
WREG OxSO 

ANDLW 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

And Literal with WREG 

[ label] ANDLW k 

0SkS255 

(WREG) .AND. (k) --t (WREG) 

z 
1 1011 I 0101 1 kkkk 1 kkkk 

The contents of WREG are AND'ed with 
the eight bit llteral 'k'. The result is 
placed in WREG. 

1 

ANDLW OxSF 

Before Instruction 
WREG OxA3 

After Instruction 
WREG Ox03 
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ANDWF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

AND WREG with f 

[label] ANDWF f,d 

0$f$255 
d E (Q,l) 

(WREG) .AND. (f) -t (des!) 

z 
Encoding: 

Description: 

I 0000 I lOld I ffff I ffff 

The contents of WREG are AND'ed 
with register 'f'. If 'd' is 0 the result is 
stored in WREG. If 'd' is 1 the result is 
stored back in register '!'. 

Words: 

Cycles: 

~: ANDWF REG, 1 

Before Instruction 
WREG = Ox17 
REG OxC2 

After Instruction 
WREG Ox17 
REG Ox02 

BCF Bit Clear f 

Syntax: 

Operands: 

[label] BCF l,b 

0$1$255 
0$b$7 

Operation: 0-t (kb>) 

Status Affected: None 

Encoding: I 1000 I lbbb 1 ffff 

Description: Bit 'b' in register 1' is cleared. 

Words: 

Cycles: 

~: BCF 

Before Instruction 
FLAG_REG = OxC7 

After Instruction 
FLAG_REG = Ox47 
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FLAG_REG, 7 

ff ff 1 

BSF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Bit Set f 

[label] BSF f,b 

0$1$255 
0$b$7 

1 -t (kb>) 

None 

Encoding: I 1000 I Obbb ff ff 

Description: Bit 'b' in register 'I' is set. 

Words: 

Cycles: 

~: BSF FLAG_REG, 7 

Before Instruction 
FLAG_REG= OxOA 

After Instruction 
FLAG_REG= OxSA 

BTFSC Bit Test, skip if Clear 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

[label] BTFSC f,b 

0$f$255 
0$b$7 

skip if (kb>)= O 

None 

I 1001 I lbbb ff ff 

ffff 

ff ff 

Description: If bit 'b' in register 1' is 0 then the next 
instruction is skipped. 

Words: 

Cycles: 

Example: 

If bit 'b' is 0 then the next instruction 
fetched during the current instruction exe
cution is discarded, and a NOP is exe
cuted instead, making this a 2 cycle 
instruction. 

1 

1(2) 

HERE BTFSC 
FALSE 
TRUE 

FLAG, 1 

Before Instruction 
PC 

After Instruction 
if FLAG<1> 

PC 
if FLAG<1> 

PC 

address (HERE) 

o· 
address (TRUE) 
t· 
address (FALSE) 
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BTFSS 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Bit Test, skip if Set 

[label] BTFSS f,b 

0$1$127 
0$b<7 

skip if (kb>) = 1 

None 

I 1001 I Obbb ff ff ff ff 

Description: If bit 'b' in register 'f' is 1 then the next 
instruction is skipped. 

Words: 

Cycles: 

Example: 

If bit 'b' is 1, then the next instruction 
fetched during the current instruction exe
cution, is discarded and an NOP is exe
cuted instead, making this a 2 cycle 
instruction. 

1 

1(2) 

HERE 
FALSE 
TRUE 

BTFSS FLAG, l 

Before Instruction 
PC address (HERE) 

After Instruction 
if FLAG<1> 

PC 
o· 
address (FALSE) 
1· 

BTG 

Syntax: 

if FLAG<1> 
PC 

Operands: 

Operation: 

address (TRUE) 

Bit Toggle f 

[label] BTG f,b 

0$f$255 
0$b<7 

(kb>) ~ (kb>) 

Status Affected: None 

Encoding: ~I _0_0_1_1~i_1_b_b_b~_f_f_f_f~_ff_f_f~ 
Description: 

Words: 

Cycles: 

Example: 

Bit 'b' in data memory location 'f' is 
inverted. 

BTG PORTC, 4 

Before Instruction: 
PORTC = 0111 0101 [Ox75] 

After Instruction: 
PORTC = 0110 0101 [Ox65] 

© 1995 Microchip Technology Inc. 

CALL 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

~: 

PIC17C4X 

Subroutine Call 

[ label] CALL k 

0$k$4095 

PC+ 1 ~ TOS, k ~ PC<12:0>, 
k<12:8> ~ PCLATH<4:0>; 
PC<15:13> ~ PCLATH<7:5> 

None 

1 lllk 1 kkkk 1 kkkk 1 kkkk 

Subroutine call within BK page. First, 
return address (PC+ 1) is pushed onto 
the stack. The thirteen bit value is 
loaded into PC bits<12:0>. Then the 
upper-eight bits of the PC are copied 
into PCLATH. call is a two-cycle 
instruction. 

See LCALL for calls outside BK memory 
space. 

2 

HERE CALL THERE 

Before Instruction 
PC = Address(HERE) 

After Instruction 
PC = Address(THERE) 
TOS = Address (HERE + 1) 

CLRF 

Syntax: 

Operands: 

Operation: 

Clear f 

[label] CLRF f,s 

0$f$255 

OOh~f.se [0,1] 
OOh ~dest 

Status Affected: None 

Encoding: ~I _0_0_1_o~i_1o_o_s~-f-ff_f_l~f-f_f_f~ 
Description: 

Words: 

Cycles: 

Clears the contents of the specified reg
ister(s). 
s = O: Data memory location 'I' and 
WREG are cleared. 
s = 1: Data memory location 'I' is 
cleared. 

~: CLRF FLAG_REG 

Before Instruction 
FLAG_REG 

After Instruction 
FLAG_REG 

Ox5A 

oxoo 
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CLRWDT Clear Watchdog Timer 

Syntax: [ label] CLRWDT 

Operands: None 

Operation: OOh --t WOT 
O --t WOT postscaler, 
1 --t TO 
1 --t PD 

Status Affected: TO, l5t:i 
Encoding: ~, -o-0-00~!-o_o_o_o_j_o_oo-o~i-o-1-oo~I 

Description: CLRWDT instruction resets the watchdog 
timer. It also resets the prescaler of the 
WDT. Status bits TO and ]51) are set. 

Words: 

Cycles: 

Example: CLRWDT 

Before Instruction 
WDTcounter 

Alter Instruction 
WDTcounter 
WDT Postscaler 
iO 
l5t:i 
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OxOO 
0 

COMF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Complement f 

[label] COMF f,d 

o:,;1:5:255 
d E [0,1] 

(I) --t (dest) 

z 
I 0001 I OOld ffff ffff 

The contents of register ~· are comple
mented. If 'd' is O the result is stored in 
WREG. If 'd' is 1 the result is stored 
back in register 'I'. 

~: COMF REGl,O 

Before Instruction 
REG1 Ox13 

Alter Instruction 
REG1 Ox13 
WREG OxEC 
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CPFSEQ Compare f with WREG, 
skip if f = WREG 

Syntax: 

Operands: 

[label] CPFSEQ 

O:!>f :!>255 

Operation: (f) - (WREG), 
skip if (f) = (WREG) 
(unsigned comparison) 

Status Affected: None 
Encoding: _j _0_0_1_1_!_0_00_1_i_f_f_f_f_j _f_f_f_f~I 

Description: Tests the contents of data memory loca
tion 'f' to the contents of WREG. 

Words: 

Cycles: 

The subtraction is unsigned. 

If 1' = WREG then the fetched instruc
tion is discarded and an NOP is exe
cuted instead making this a two-cycle 
instruction. 

1 (2) 

Example: HERE CPFSEQ REG 
NEQUAL 
EQUAL 

Before Instruction 
PC Address HERE 
WREG ? 
REG ? 

After Instruction 
if REG 

PC 
if REG ~ 

PC 

WREG; 
Address (EQUAL) 
WREG; 
Address (NEQUAL) 
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CPFSGT 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

~: 

PIC17C4X 

Compare f with WREG, 
skip if f > WREG 

[label] CPFSGT 

Osf'.!>255 

(f) - (WREG), 
skip if (f) > (WREG) 
(unsigned comparison) 

None 

t 0011 t 0010 t ffff ffff I 
Tests the contents of data memory loca
tion 'f' to the contents of the W register. 

The subtraction is unsigned. 

If the contents of 1' > the contents of 
WREG then the fetched instruction is 
discarded and an NOP is executed 
instead making this a two-cycle instruc
tion. 

1 

1 (2) 

HERE 
NGREATER 
GREATER 

CPFSGT, REG 

Before Instruction 
PC 
WREG 

After Instruction 
if REG > 

PC 
if REG ,:; 

PC 

Address (HERE) 
? 

WREG; 
Address (GREATER) 
WREG; 
Address (NGREATER) 
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CPFSLT 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

~: 

Compare f with WREG, 
skip if t <WREG 

[label] CPFSLT 

0:>1:>255 

(f) - (WREG), 
skip ii (f) < (WREG) 
(unsigned comparison) 

None 

I 0011 I 0000 1 ffff ffff 

Tests the contents of data memory loca
tion 'f' to the contents of WR E G. 

The subtraction is unsigned. 

If the contents of 'f' <the contents of 
WREG, then the fetched instruction is 
discarded and an NOP is executed 
instead making this a two-cycle instruc
tion. 

1 

1 (2) 

HERE CPFSLT, REG 
NLESS 
LESS 

Before Instruction 
PC Address (HERE) 

w ? 

After Instruction 
if REG < 
PC 
if REG ~ 
PC 
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WREG; 
Address (LESS) 

WREG; 
Address (NLESS) 

DAW Decimal Adjust WREG Register 

Syntax: [label] DAW f,s 

Operands: O ::; f ::; 255 

SE (0,1] 

Operation: if [WREG<3:0> >9] .0R. [DC= 1] then 
WREG<3:0> + 6 ~ f<3:0>, s<3:0>; 

else 
WREG<3:0> ~ f<3:0>, s<3:0>; 

if [WREG<7:4> >9] .0R. [C = 1] then 
WREG<7:4> + 6~1<7:4>, s<7:4> 

else 
WREG<7:4> ~ 1<7:4>, s<7:4> 

Status Affected: C 

Encoding: l..-o-0_1_0_,.i-11_1_s_,.l_f_f-ff-,_l _f_f_f_f~ 

Description: DAW adjusts the eight bit value in 
WREG resulting from the earlier addi
tion of two variables (each in packed 
BCD format) and produces a correct 
packed BCD result. 

Words: 

Cycles: 

s = 0: Result is placed in Data 
memory location 'f' and 
WREG. 

s = 1: Result is placed in Data 
memory location 'f'. 

Example1: DAW REGl, 0 

Before Instruction 
WREG OxA5 
REG1 ?? 
c 0 
DC 0 

After Instruction 
WREG Dx05 
REG1 Ox05 
c 1 
DC 0 

Example 2: 

Before Instruction 
WREG OxCE 
REG1 ?? 
c 0 
DC 0 

After Instruction 
WREG 
REG1 
c 
DC 

Ox24 
Ox24 
1 
0 
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DECF 
Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Decrementf 

[label] DECF f,d 

Osf s255 
d E (0,1j 

(I) - 1 ~ (des!) 

OV, C, DC,Z 

I 0000 I Olld I ffff ff ff 

Description: Decrement register 'f'. I! 'd' is O the 
result is stored in WREG. If 'd' is 1 the 
result is stored back in register 'f'. 

Words: 

Cycles: 

Example: DECF CNT, 1 

Before Instruction 
CNT Ox01 
z 0 

After Instruction 
CNT OxOO 
z 1 
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DECFSZ Decrement f, skip if 0 

Syntax: [label] DECFSZ f,d 

Operands: 0 sf s 255 
d E (0,1] 

Operation: (f) - 1 ~ (des!); 
skip if result = O 

Status Affected: None 
Encoding: .-! -0_0_0_1____,j_o_1_1_a_,..j-ff_f_f____,,-f-f-ff~, 

Description: The contents of register 'fare decre
mented. If 'd' is 0 the result is placed in 
WREG. If 'd' is 1 the result is placed 
back in register 'f'. 

Words: 

Cycles: 

Example: 

If the result is 0, the next instruction, 
which is already fetched, is discarded, 
and an NOP is executed instead mak
ing ~ a two cycle instruction. 

1(2) 

HERE OECFSZ CNT, l 
GOTO LOOP 

CONTINUE 

Before Instruction 
PC 

After Instruction 
CNT 
ifCNT 

PC 
ifCNT ~ 

PC 

Address {HERE) 

CNT-1 
o· 
Address {CONTINUE) 

O; 
Address {HERE+l) 
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OECFSNZ 

Syntax: 

Operands: 

Operation: 

Decrement f, skip if not O 

[label] DECFSNZ f,d 

0$f$255 
d E [Q,ij 

(f) - 1 --t (dest); 
skip if notO 

Status Affected: None 
Encoding: .-J -0_0_1_0__,.J-0_1_1_a-,-J-tt_f_f--,-f-f-ff~ 

Description: The contents of register 'f' are decre
mented. If 'd' is 0 the result is placed in 
WREG. If 'd' is 1 the result is placed 
back in register 'f'. 

If the result is not o, the next instruc
tion, which is already fetched, is dis
carded, and an NOP is executed 
instead making it a two cycle instruc
tion. 

Words: 

Cycles: 

Example: 

1(2) 

HERE 
ZERO 
NZ ERO 

Before Instruction 

DECFSNZ TEMP, 1 

TEMP_ VALUE ? 

Alter Instruction 
TEMP_VALUE 
ifTEMP _VALUE 

PC 
If TEMP_ VALUE 

PC 
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TEMP_ VALUE - 1, 
o· 
Address (ZERO) 

* o· 
Address (NZERO) 

GOTO 

Syntax: 

Operands: 

Operation: 

Unconditional Branch 

[ label] GOTO k 

0 $ k $8191 

k --t PC<12:0>; 
k<12:8> --t PCLATH<4:0>, 
PC<15: 13> --t PCLATH<7:5> 

Status Affected: None 
Encoding: .-I -1_1_o_k__,l-kk_k_k__,J_k_k_k_k-,-J _k_k_k_k_, 

Description: 

Words: 

Cycles: 

Example: 

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 
PC LATH. GOTO is always a two-cycle 
instruction. 

1 

2 

GOTO THERE 

Alter Instruction 
PC = Address (THERE) 
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INCF Increment f 

Syntax: [label] INCF f,d 

Operands: Os I s 255 
d E (0,1] 

Operation: (I) + 1 ---; (dest) 

Status Affected: OV, C, DC, Z 

Encoding: I 0001 I OlOd ffff ffff I 
Description: The contents of register 'f' are incre

mented. If 'd' is 0 the result is placed in 
WREG. If 'd' is 1 the result is placed 
back in register 'I'. 

Words: 

Cycles: 

~: INCF CNT, 1 

Before Instruction 
CNT OxFF 
z 0 
c ? 

After Instruction 
CNT 
z 
c 

OxOO 
1 
1 

© 1995 Microchip Technology Inc. 

INCFSZ 

Syntax: 

Operands: 

PIC17C4X 

Increment f, skip if O 

[label] INCFSZ f,d 

osts255 
d E (0,1) 

Operation: 

Status Affected: 

(I) + 1 ---; (dest) 
skip if result= 0 

None 

Encoding: I 0001 I 111d ffff ffff I 
Description: 

Words: 

Cycles: 

Example: 

The contents of register 'f' are incre
mented. If 'd' is 0 the result is placed in 
WREG. 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, 
and an NOP is executed instead mak
ing it a two cycle instruction. 

1 

1(2) 

HERE INCFSZ CNT, 1 
NZ ERO 
ZERO 

Before Instruction 
PC Address (HERE) 

After Instruction 
CNT 
ttCNT 

PC 
ifCNT * 

PC 

CNT+ 1 
o· 
Address(ZERO) 
o· 
Address(NZERO) 
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INCFSNZ 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

Increment f, skip if not 0 

[label] INCFSNZ l,d 

0$1$255 
d E [0,1] 

(f) + 1 ~ (dest), skip ii not 0 

None 

I 0010 I OlOd I ffff I ffff 
The contents of register 'f' are incre
mented. If 'd' is O the result is placed in 
WREG. If 'd' is 1 the result is placed 
back in register 'f'. 

If the result is not 0, the next instruction, 
which is already fetched, is discarded, 
and an NOP is executed instead mak
ing it a two cycle instruction. 

1 

1(2) 

HERE INFSNZ REG, 1 
ZERO 
NZ ERO 

Before Instruction 
REG REG 

Aller Instruction 
REG 
if REG 

PC 
ltREG 

PC 
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REG+1 
1· 
Address (ZERO) 
o· 
Address (NZERO) 

IORLW 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

Inclusive OR Literal with WREG 

[label] IORLW k 

0$k$255 

(WREG) .OR. (k) ~ (WREG) 

z 
1 1011 1 0011 1 kkkk 1 kkkk I 

The contents of WREG are OR'ed with 
the eight bit literal 'k'. The result is 
placed in WREG. 

1 

IORLW Ox35 

Before Instruction 
WREG Ox9A 

Aller Instruction 
WREG OxBF 
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IORWF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

~: 

Inclusive OR WREG with t 
[label] IORWF f,d 

O:<>f :<>255 
d E [0,1] 

(WREG) .OR. (f) ~ (dest) 

z 
I 0000 I lOOd I ffff I ffff I 
Inclusive OR WREG with register 'f'. If 
'd' is O the result Is placed in WREG. If 
'd' is 1 the result is placed back in regis
ter'!'. 

IORWF RESULT, 0 

Before Instruction 
RESULT = Ox13 
WREG Ox91 

After Instruction 
RESULT = Ox13 
WREG Ox93 
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LC ALL 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

~: 

PIC17C4X 

Long Call 

[label] LCALL k 

O:<>k'.'>255 

Pc+ 1 ~ros; 
k ~ PCL, (PCLATH) ~ PCH 

None 

I 1011 1 0111 1 kkkk 1 kkkk 

LCALL allows uncondttional subroutine 
call to anywhere within the 64k program 
memory space. 

First, the return address (PC+ 1) is 
pushed onto the stack. A 16-bit desti
nation address is then loaded into the 
program counter. The lower B-bits of 
the destination address is embedded in 
the instruction. The upper 8-bits of PC 
is loaded from PC high holding latch, 
PCLATH. 

1 

2 

MOVLW HIGH(SUBROUTINE) 
MOVPF WREG, PCLATH 
LCALL LOW(SUBROUTINE) 

Before Instruction 
SUBROUTINE 
PC 

After Instruction 
PC 

16-btt Address 
? 

Address (SUBROUTINE) 
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MOVFP 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

Movefto p 

[label] MOVFP f,p 

0SfS255 
0SpS31 

(f) -t (p) 

None 

I Ollp I pppp ffff ffff 

Move data from data memory location 1' 
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 WREG (a useful 
special situation). 
MOVFP is particularly useful to transfer 
a data memory location to a peripheral 
register (such as the transm It buffer or 
an 1/0 port). Both 1' and 'p' can be indi
rectly addressed. 

MOVFP REGl, REG2 

Before Instruction 
REG1 Ox33, 

Ox11 REG2 

After Instruction 
REG1 
REG2 
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Ox33, 
Ox33 

MOVLB 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

~: 

Move Literal to low nibble in BSR 

[ label] MOVLB k 

0SkS15 

k -t (BSR<3:0>) 

None 

I 1011 I 1000 \ uuuu kkkk 

The constant is loaded in the Bank 
Select Register (BSR). Only the low 4 
bits of the Bank Select Register are 
affected. The upper half of the BSR is 
unchanged. The assembler will encode 
the "u" fields as 'O'. 

MOVLB OxS 

Before Instruction 
BSR register Ox22 

After Instruction 
BSR register Ox25 
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MOVLW 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

~: 

Move Literal to WREG 

[label] MOVLW k 

Os;ks;255 

k--t (WREG) 

None 

I 1011 I 0000 kkkk kkkk 

The eight bit literal 'k' is loaded into 
WREG. 

1 

MOVLW Ox SA 

After Instruction 
WREG Ox5A 

PIC17C4X 

MOVPF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Move ptof 

[label] MOVPF p,f 

0::;;1::;;255 
Os;ps;31 

(p) --t (f) 

z 
I OlOp I pppp ff ff ff ff 

Description: Move data from data memory location 
'p' to data memory location 'f'. Location 
1' can be anywhere in the 256 byte data 
space (OOh to FFh) while 'p' can be OOh 
to 1Fh. 

Either 'p' or 1' can be WREG (a useful 
special situation). 

MOVPF is particularly useful for transfer
ring a peripheral register (e.g., the timer 
or an 1/0 port) to a data memory loca
tion. 

Words: 

Cycles: 

~: MOVPF REGl, REG2 

Before Instruction 
REG1 Ox11 
REG2 Ox33 

After Instruction 
REG1 Ox11 
REG2 Ox11 

MOVWF Move WREG to f 

Syntax: [label] MOVWF 

Operands: O::;; f ::;; 255 

Operation: (WREG) _, (f) 

Status Affected: None 

Encoding: I 0000 I 0001 ff ff ff ff 

Description: Move data from WREG to register 'f'. 
Location 1' can be anywhere in the 256 
word data space. 

Words: 

Cycles: 

Example: MOVWF REG 

Before Instruction 
WREG Ox4F 
REG OxFF 

After Instruction 
WREG Ox4F 
REG Ox4F 
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NEGW NegateW 

Syntax: [label] NEGW f,s 

Operands: 0 ~ F ~ 255 
SE [0,1] 

Operation: WREG + 1 ~ (f); 
WREG + 1 ~ s 

Status Affected: OV, C, DC, Z 

Encoding: 

Description: 

I 0010 j llOs ffff ffff I 
WREG is negated using two's comple
ment. If 's' is O the result is placed in 
WREG and data memory location 'f'. If 
's' is 1 the result is placed only in data 
memory location 'f'. 

Words: 

Cycles: 

~: NEGW REG,0 

Before Instruction 
WREG 0011 1010 [Ox3A], 
REG 1010 1011 [OxAB] 

After Instruction 
WREG 1100 0111 [OxC6] 
REG 1100 0111 [OxC6] 

NOP No Operation 

Syntax: [label] NOP 

Operands: None 

Operation: No operation 

Status Affected: None 

Encoding: I 0000 I 0000 0000 

Description: No operation. 

Words: 

Cycles: 

Example: 

0000 

PIC17C4X 

RETFIE Return from Interrupt 

Syntax: [label] RETFIE 

Operands: None 

Operation: TOS ~ (PC); 
0 ~ GLINTD; 
PCLATH is unchanged. 

Status Affected: GLINTD 

Encoding: I 0000 I 0000 ! 0000 0101 ! 
Description: 

Words: 

Cycles: 

Example: 

After Interrupt 
PC 
GUNTO = 

RETLW 

Syntax: 

Operands: 

Operation: 

Return from Interrupt. Stack is POP'ed 
and Top of Stack (TOS) is loaded in the 
PC. Interrupts are enabled by clearing 
the GUNTO bit. GUNTO is the global 
interrupt disable bit (CPUSTA<4>). 

1 

2 

RETFIE 

TOS 
0 

Return Literal to WREG 

[ label] RETLW k 

O~k~255 

k ~ (WREG); TOS ~ (PC); 
PCLATH is unchanged 

Status Affected: None 
Encoding: rl _1_0_1_1-rj _0_1_1_0--.-,-k-kk-k-.,-k-k_k_k--. 

Description: 

Words: 

Cycles: 

~: 

WREG 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. 

2 

CALL TABLE ; WREG contains table 
; offset value 
; WREG now has 

; table value 

TABLE 
ADJ:WF R:: ; WREG == offset 
RETLW kO ; Begin table 
REI'LW kl 

REI'LW kn End of table 

Before Instruction 
WREG Ox07 

After Instruction 
WREG value of k7 
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RETURN 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Return from Subroutine 

[label] RETURN 

None 

TOS--t PC; 
PCLATH is unchanged 

None 

I 0000 I 0000 I 0000 0010 1 

Description: Return from subroutine. The stack is 
popped and the top of the stack (TOS) 
is loaded into the program counter. 

Words: 

Cycles: 2 

Examole: RETURN 

After Interrupt 
PC =TOS 
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RLCF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

~: 

Rotate Left t through Carry 

[label] RLCF f,d 

Q:s;f:s;255 
d E (0,1) 

kn> --t d<n+1>; 
k7>--t C; 
C--t d<O> 

c 
I 0001 I lOld I ffff ffff 

The contents of register ~· are rotated 
one bit to the left th rough the Carry 
Flag. If 'd' is O the result is placed in 
WREG. If 'd' is 1 the result is stored 
back in register 'f'. 

~~-re-g-ist_e_r_f~l:J 

RLCF REG,0 

Before Instruction 
REG 1110 0110 
c 0 

After Instruction 
REG 1110 0110 
WREG 1100 1100 
c 1 
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RLNCF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Rotate Left f (no carry) 

[label] RLNCF f,d 

OS:fS:255 
d E (0,1] 

kn> -t d<n+1>; 
k7> -t d<O> 

None 

I 0010 I OOld I ffff ffff ! 

Description: The contents of register 'f' are rotated 
one bit to the left. If 'd' is O the result is 
placed in WREG. If 'd' is 1 the result is 
stored back in register 'f'. 

rJ register f I~ 

Words: 

Cycles: 

~: RLNCF 

Before Instruction 
c 0 
REG 1110 1011 

After Instruction 
c 
REG 1101 0111 
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REG, 1 

RRCF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

PIC17C4X 

Rotate Right f through Carry 

[label] RRCF f,d 

Os:fs:255 
d E (0,1] 

kn> -t d<n-1>; 
kO>-tC; 
C-t d<7> 

c 
I 0001 I lOOd I ffff ffff 

The contents of register ~· are rotated 
one bit to the right through the Carry 
Flag. If 'd' is O the result is placed in 
WREG. If 'd' is 1 the result is placed 
back in register 'f'. 

c=[g}j register f 1-:i 

RRCF REGl,O 

Before Instruction 
REG1 1110 0110 
c 0 

After Instruction 
REG1 1110 0110 
WREG 0111 0011 
c 0 

DS30412A-page 2-949 

• 



PIC17C4X 

RRNCF 

Syntax: 

Operands: 

Operation: 

Rotate Right f (no carry) 

[label] RRNCF f,d 

OS:f'.5:255 
d E [0,1] 

kn>~ d<n-1>; 
k0>~d<7> 

Status Affected: None 

Encoding: I 0010 I oooa I ffff ffff 

Description: 

Words: 

Cycles: 

Example 1: 

The contents of register ~· are rotated 
one bit to the right. If 'd' is O the result Is 
placed in WREG. If 'd' is 1 the result is 
placed back in register 'f'. 

rl register f 

RRNCF REG, 1 

Before Instruction 
WREG ? 
REG 1101 0111 

After Instruction 
WREG 0 
REG 1110 1011 

Exam111e2: RRNCF REG, 0 

Before Instruction 
WREG ? 
REG 1101 0111 

After Instruction 
WREG 1110 1011 
REG 1101 0111 

SETF Setf 

Syntax: 

Operands: 

[label] SETF l,s 

OS:f'.5:255 
SE [0,1] 

Operation: FFh ~I; 
FFh~d 

Status Affected: None 
Encoding: ~I _0_0_1_o~l -1_0_1_s~-f-f_f_f ~-f-f_f_f ~ 

Description: If 's' is 0, both the data memory location 
'f and WREG are set to FFh. If 's' is 1 
only the data memory location 1' is set 
to FFh. 

Words: 

Cycles: 

Example1: SETF REG, 0 

Before Instruction 
REG OxDA 
WREG Ox05 

After instruction 
REG OxFF 
WREG OxFF 

Example2: SETF PORTO, 1 

Before Instruction 
REG OxDA 
WREG Ox05 

After Instruction 
REG OxFF 
WREG Ox05 
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SLEEP 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

~: 

Enter SLEEP mode 

[ label) SLEEP 

None 

OOh~WDT; 

0 ~ WOT postscaler; 
1 ~TO; 
o~PO 

TO.PD 
1 0000 1 0000 0000 I 0011 

The power down status bit (PO} is 
cleared. The 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. 

SLEEP 

Before Instruction 
m = ? 
~ = ? 

After Instruction 
m = 1 t 
~ = 0 

t If WOT causes wake-up, this bit is cleared 
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SUBLW Subtract WREG from Literal 

Syntax: 

Operands: 

[ label] SUBLW k 

O:<>k:->255 

Operation: 

Status Affected: 

k- (WREG) ~ (WREG) 

OV, C, DC, Z 

Encoding: 

Description: 

I 1011 1 0010 1 kkkk 1 kkkk 

WREG is subtracted from the eight bit 
literal 'k'. The result is placed in 
WREG. 

Words: 1 

Cycles: 

Example 1: SUBLW Ox02 

Before Instruction 
WREG 1 
c ? 

After Instruction 
WREG 
c 
z 

Example2: 

Before Instruction 
WREG 2 
c ? 

Alter Instruction 
WREG O 

; result is positive 

C 1 ; result is zero 
z 0 

Example3: 

Before Instruction 
WREG 3 
c ? 

After Instruction 
WREG 
c 

FF ; (2's complement) 
O ; result is negative 

z 
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SUBWF Subtract WREG from f 

Syntax: 

Operands: 

[label] SUBWF f,d 

0SfS255 
d E [0,1] 

Operation: 

Status Affected: 

(I) - (W) -; (dest) 

OV,C, DC,Z 

Encoding: 

Description: 

I 0000 I OlOd I ffff ffff 

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

Words: 

Cycles: 

Example 1: SUBWF REGl, 1 

Before Instruction 
REG1 3 
WREG 2 
c ? 

After Instruction 
REG1 1 
WREG 2 
c 1 ; result is positive 
z 1 

Example 2: 

Before Instruction 
REG1 2 
WREG 2 
c ? 

After Instruction 
REG1 0 
WREG 2 
c 1 ; result is zero 
z 0 

Example3: 

Before Instruction 
REG1 1 
WREG 2 
c ? 

After Instruction 
REG1 FF 
WREG 2 
C O ; result is negative 
z 1 
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SUBWFB 
Subtract WREG from f with 
Borrow 

Syntax: 

Operands: 

[label] SUBWFB f,d 

OS!S255 
d E (0,1] 

Operation: 

Status Affected: 

(!) - (W) - "C -; ( dest) 

OV, C, DC,Z 

Encoding: 

Description: 

I 0000 I OOld I ffff ffff 

Subtract WREG and the carry flag 
(borrow)from register 1' (2's comple
ment method). If 'd' is o the result is 
stored in WREG. If 'd' is 1 the result is 
stored back in register 1'. 

Words: 

Cycles: 

Example 1: SUBWFB 

Before Instruction 
REG1 Ox19 
WREG OxOD 
c 1 

After Instruction 
REG1 OxOB 
WREG OxOD 
c 1 
z 

Example2: SUBWFB 

Before Instruction 
REG1 Ox1B 
WREG Ox1A 
c 1 

After Instruction 
REG1 Ox1B 
WREG OxOO 
c 1 
z 0 

REGl, 1 

(0001 1001) 
(0000 1101) 

(0000 1011) 
(0000 1101) 
; result is positive 

REGl,O 

(0001 1011) 
(0001 1010) 

(0001 1011) 

; result is zero 

Example3: SUBWFB REGl,1 

Before Instruction 
REG1 
WREG 
c 

After Instruction 
REG1 
WREG 
c 
z 

Ox03 
OxOE 
1 

OxF4 
OxOE 
0 
1 

(0000 0011) 
(0000 1101) 

(1111 0100) [2's comp] 
(0000 1101) 
; result is negative 
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SWAPF 

Syntax: 

Operands: 

Operation: 

Swapf 

[label) SWAPF f,d 

OS:fS:255 
d E (0,1) 

f<3:0> ~ desl<7:4>; 
f<7:4> ~ desl<3:0> 

Status Affected: None 
Encoding: ~I -0_0_0_1~l-1_1_o_d~l-f-f-ff-~f-f_f_f~ 

Description: 

Words: 

Cycles: 

~: 

The upper and lower nibbles of register 
~· are exchanged. If 'd' is O the result is 
placed in WREG. If 'd' is 1 the result is 
placed in register 'f. 

SWAPF REG, 0 

Before Instruction 
REG Ox53 

After Instruction 
REG Ox35 
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TABLRD Table Read 

Syntax: [ label) TABLRD t,i,f 

Operands: Os: f s: 255 
i E (0,1) 
t E (0,1) 

Operation: If t = 1, 
TBLATH ~f; 

ifl=O, 
TBLATL~f; 
Prog Mem (TBLPTR) ~ TBLAT; 

if i = 1, 
TBLPTR + 1 ~ TBLPTR 

Status Affected: None 
Encoding: ~j -1_0_1_0~1-1-0-ti-. ~1-f-ff-f~l =rnfJ 
Description: 1. A byte of the table latch (TBLAT) 

Words: 

Cycles: 

is moved to register file 'f'. 
if t = O: the high byte is moved; 
H t = 1 : the low byte is moved 

2. Then the contents of the program 
memory location pointed to by 
the 16-blt Table Pointer 
(TBLPTR) is loaded into the 16-
blt Table Latch (TBLAT). 

3. H i = 1: TBLPTR is incremented; 
if i = O: TBLPTR is not 

incremented 

2 (3 cycle if f = PC) 

Example1: TABLRD l, l, REG 

Before Instruction 
REG 
TBLATH 
TBLATL 
TBLPTR 
MEMORY(TBLPTR) 

Ox53 
OxAA 
Ox55 
OxA356 
Ox1234 

After Instruction (table write completion) 
REG OxAA 
TBLATH Ox12 
TBLATL Ox34 
TBLPTR = OxA357 
MEMORY(TBLPTR) Ox5678 

fxample2: TABLRD 0, 0, REG ; 

Before Instruction 
REG Ox53 
TBLATH OxAA 
TBLATL Ox55 
TBLPTR OxA356 
MEMORY(TBLPTR) Ox1234 

After Instruction (table write completion) 
REG Ox55 
TBLATH Ox12 
TBLATL Ox34 
TBLPTR OxA356 
MEMORY(TBLPTR) Ox1234 
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TABLWT Table Write 

Syntax: [label] TABLWTt,i,f 

Operands: O :;;; I :;;; 255 
i E (0,1] 
t E (0,1] 

Operation: If t = 0, 
f~ TBLATL; 

if t = 1, 
I~ TBLATH; 
TBLAT ~ Prog Mem (TBLPTR); 

if i = 1, 
TBLPTR + 1 ~ TBLPTR 

Status Affected: None 
Encoding: ~I -1_0_1_o_l _1_1_t_i~l-f-f-ff_l_f_f-ff~ 

Description: 1. Load value in 'f' into 16-bit table 

Words: 

Cycles: 

latch (TBLAn 
tt t = O: load into low byte; 
tt t = 1: load into high byte 

2. The contents of TBLAT is written 
to the program memory location 
pointed to by TBLPTR 
If TBLPTR points to external 
program memory location, then 
the instruction takes two cycles. 
if TBLPTR points to an internal 
EPROM location, then the 
instruction is terminated when 
an interrupt is received. 

3. The TBLPTR can be automati
cally incremented 
H i = O; TBLPTR is not 

incremented 
H i = O; TBLPTR is incremented 

2 (many if write is to on-chip 
EPROM program memory) 
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TABLWT (Cont.) Table Write 

Exa!nple1: TABLWT 0, 1, REG 

Before Instruction 
REG 
TBLATH 
TBLATL 
TBLPTR 
MEMORY(TBLPTR) 

Ox53 
OxAA 
Ox55 
OxA356 
OxFFFF 

After Instruction (table write completion) 
REG Ox53 
TBLATH Ox53 
TBLATL Ox55 
TBLPTR OxA357 
MEMORY(TBLPTR) Ox5355 

Example2: TABLWT 1, 0, REG 

Before Instruction 
REG 
TBLATH 
TBLATL 
TBLPTR 
MEMORY(TBLPTR) 

Ox53 
OxAA 
Ox55 
OxA356 
OxFFFF 

After Instruction (table write completion) 
REG Ox53 
TBLATH OxAA 
TBLATL Ox53 
TBLPTR OxA356 
MEMORY(TBLPTR) OxAA53 

Program 
Memory 

-----------

16 bits 

j~::-TB~8~L~=7~R~OI 
Data 

Memory 

8 bits 

© 1995 Microchip Technology Inc. 



TLRD 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

~: 

Table Latch Read 

[ label] TLRD t,f 

0$f$255 
t E [O, 1] 

If t = 0, 
TBLATL~f; 

if t = 1, 
TBLATH ~f 

None 

I 1010 I OOtx ffff ffff 

Read data from 16-bit table latch 
(TBLAT) into file register 1'. Table Latch 
is unaffected. 

If t = 1; high byte is read 
tt t = O; low byte is read 

This instruction is used in conjunction 
with TABLRD to transfer data from pro
gram memory to data memory. 

TLRD t, RAM 

Before Instruction 
t 0 
RAM ? 
TBLAT OxOOAF (TBLATH = OxOO) 

After Instruction 
RAM 
TBLAT 

Before Instruction 

(TBLATL = OxAF) 

OxAF 
OxOOAF (TBLATH = OxOO) 

(TBLATL = OxAF) 

t 1 
RAM ? 
TBLAT OxOOAF (TBLATH = OxOO) 

After Instruction 
RAM 
TB LAT 

(TBLATL = OxAF) 

OxOO 
OxOOAF (TBLATH = OxOO) 

(TBLATL = OxAF) 

15 0 
Program 
Memory 

j~I TBLPTR 

Data 
Memory 

15 8 '7 

16 bits 8 bits 

© 1995 Microchip Technology Inc. 

TLWT 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example: 

PIC17C4X 

Table Latch Write 

[label] TLWT t,f 

0$f$255 
t E (0,1] 

If t=O, 
f ~ TBLATL; 

if t = 1, 
f ~ TBLATH 

None 

I 1010 I Oltx I ffff ffff 

Data from file register 1' is written into 
the 16-bit table latch (TBLAT). 

If t = 1; high byte is written 

tt t = O; low byte is written 
This instruction is used in conjunction 
with TABLWT to transfer data from data 
memory to program memory. 

TLWT t, RAM 

Before Instruction 
t 0 
RAM OxB7 
TBLAT oxoooo (TBLATH = OxOO) 

(TBLATL = OxOO) 

After Instruction 
RAM OxB7 
TBLAT OxOOB7 (TBLATH = OxOO) 

(TBLATL = OxB7) 

Before Instruction 
t 
RAM OxB7 
TBLAT OxOOOO (TBLATH = OxOO) 

(TBLATL = OxOO) 

After Instruction 
RAM OxB7 
TBLAT OxB700 (TBLATH = OxB7) 

(TBLATL = OxOO) 
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TSTFSZ 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

~: 

Test f, skip if O 

[ label] TSTFSZ f 

O:>;f:>;255 

skip ill= O 

None 

I 0011 1 0011 ffff ffff 

If 1' = 0, the next instruction, fetched 
during the current instruction execution, 
is discarded and an NOP is executed 
making this a two-cycle instruction. 

1 

1 (2) 

HERE TSTFSZ CNT 
NZ ERO 
ZERO 

Before Instruction 
PC = Address(HERE) 

After Instruction 
ifCNT 

PC 
HCNT ¢ 

PC 

OxOO, 
Address (ZERO) 
OxOO, 
Address (NZERO) 

XORLW 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

~: 

Exclusive OR Literal with 
WREG 

[ label] XORLW k 

O:>;k:>;255 

(WREG) .XOR. k ~ (WREG) 

z 
I 1011 I 0100 1 kkkk I kkkk 

The contents of WREG are XOR'ed 
with the eight bit llteral 'k'. The result is 
placed in WREG. 

1 

XORLW OxAF 

Before Instruction 
WREG OxB5 

After Instruction 
WREG Ox1A 

XORWF 

Syntax: 

Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

~: 

Exclusive OR WREG with f 

[label] XORWF f,d 

O:>;f:>;255 
de (0,1] 

(WREG) .XOR. (f) ~ (dest) 

z 
I 0000 I llOd I ff ff I ff ff 
Exclusive OR the contents of WREG 
with register 1'. If 'd' is O the result is 
stored in WREG. If 'd' is 1 the result is 
stored back in the register 1'. 

XORWF REG, 1 

Before Instruction 
REG OxAF 
WREG OxB5 

After Instruction 
REG Ox1A 
WREG OxB5 
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16.0 DEVELOPMENT SUPPORT 

16.1 Development Tools 

The PIC16/17 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 

• PICDEM-1 Low-Cost Demonstration Board 

• PICDEM-2 Low-Cost Demonstration Board 

• MPASM Assembler 

• MPSIM Software Simulator 

• C Compiler (MP-C) 

• Fuzzy logic development system 
(fuzzyTECH®-MP) 

16.2 PICMASTER: High Performance 
Universal In-Circuit Emulator 

The PICMASTER Universal In-Circuit Emulator is 
intended to provide the product development engineer 
with a complete microcontroller design tool set for all 
microcontrollers in the PIC16C5X, PIC16CXX and 
PIC17CXX families. A PICMASTER System configura
tion is shown in Figure 16-1. 

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 386 (and better) machines in the Microsoft 
Windowsr" 3.x environment. Thus, allowing the opera
tor access to a wide range of supporting software and 
accessories. 

PIC17C4X 

The PICMASTER has been designed as a real-time 
emulation system with advanced features that are gen
erally found on more expensive development tools. The 
AT platfonn and Windows 3.x environment was chosen 
to best make these features available to you, the end 
user. 

The PICMASTER Universal Emulator 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 operating system allows the devel
oper to take full advantage of the many powerful fea
tures and functions of the PICMASTER system. 

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

PC-Host Emulation Control software takes full advan
tage of Dynamic Data Exchange (ODE), a feature of 
Windows 3.x. 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 be run simultaneously from the same PC mak
ing development of multi-microcontroller systems 
possible (e.g., a system containing a PIC16CXX pro
cessor and a PIC17CXX processor). 

The PICMASTER probes specifications are shown in 
Table 16-1. 

FIGURE 16-1: PICMASTER SYSTEM CONFIGURATION 

D 

Windows 3.x o 
0 
0 

0 c:::J 

0111111111111111111111'11 

Common Interface Card 
PC Compatible Computer 
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n- 1ne 
Power Supply 

(Optional) 

Power Switch 

Power Connector 

PC-Interlace 

PICMASTER Emulator Pod 

< 90-250 VAC 

Logic Probes 
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TABLE 16-1: PICMASTER PROBE SPECIFICATION 

PROBE 
PICMASTER Probe Devices Supported Maximum Operating 

Frequency Voltage 

PROBE-16B PIC16C71 10MHz 4.5V-5.5V 

PROBE-16C PIC16C84 10MHz 4.5V-5.5V 

PROBE-160 PIC16C54, PIC16C54A, PIC16CR54, PIC16C55, 20 MHz 4.5V-5.5V 
PIC16C56, PIC16C57, PIC16CR57A, PIC16C58A, and 
PIC16CR58A 

PROBE-16E PIC16C64 10MHz 4.5V-5.5V 

PROBE-16F PIC16C65*, PIC16C73 and PIC16C74 10 MHz 4.5V-5.5V 

PROBE-16G PIC16C61 10 MHz 4.5V-5.5V 

PROBE-16H PIC16C620, PIC16C621 and PIC16C622 10 MHz 4.5V-5.5V 

PROBE-17A PIC17C42 16 MHz 4.5V-5.5V 

* PROBE-16F indirectly supports the PIC16C65. 
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16.3 PRO MATE: Universal Programmer 

The PRO MATE Universal Programmer is a full-fea
tured 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 verily 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 bits in this 
mode. 

In PC-hosted mode, the PRO MATE connects to the PC 
via one of the COM (RS-232) ports. 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 
selection 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 and blank check can be 
issued from the screen. Additionally, serial program
ming support is possible where each part is pro
grammed with a different serial number, sequential or 
random. 

The PRO MATE has a modular "programming socket 
module". Different socket modules are required for dif
ferent processor types and/or package types. 

PRO MATE supports all PIC16C5X, PIC16CXX and 
PIC17CXX processors. 

16.4 PICSTART Low-Cost Development 
System 

The PICSTART programmer 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. PICSTART is not recommended for pro
duction programming. 

© 1995 Microchip Technology Inc. 

PIC17C4X 

16.5 PICDEM-1 Low-Cost PIC16/17 
Demonstration Board 

The PICDEM-1 is a simple board which demonstrates 
the capabilities of several of Microchip's microcontrol
lers. The microcontrollers supported are: PIC16C5X 
(PIC16C54 to PIC16C58A), PIC16C61, PIC16C62X, 
PIC16C71, PIC16C84, PIC17C42, PIC17C43 and 
PIC17C44. All necessary hardware and software is 
included to run basic demo programs. The users can 
program the sample microcontrollers provided with 
the PICDEM-1 board, on a PRO MATE or PIC
START-168 programmer, and easily test firmware. 
The user can also connect the PICDEM-1 board to 
the PICMASTER emulator and download the firm
ware to the emulator for testing. Additional prototype 
area is available for the user to build some additional 
hardware and connect it to the microcontroller 
socket(s). Some of the features include an RS-232 
interface, a potentiometer for simulated analog input, 
push-button switches and eight LEDs connected to 
PORTB. 

16.6 PICDEM-2 Low-Cost PIC16CXX 
Demonstration Board 

The PICDEM-2 is a simple demonstration board that 
supports the PIC16C64, PIC16C65, PIC16C73 and 
PIC16C74 microcontrollers. All the necessary hard
ware and software is included to run the basic 
demonstration programs. The user can program 
the sample microcontrollers provided with the PIC
DEM-2 board, on a PRO MATE programmer or PIC
START-16C, and easily test firmware. The 
PICMASTER emulator may also be used with the PIC
DEM-2 board to test firmware. Additional prototype 
area has been provided to the user for adding addi
tional hardware and connecting it to the microcontroller 
socket(s). Some of the features include a RS-232 inter
face, push-button switches, a potentiometer for simu
lated analog input, a Serial EEPROM to demonstrate 
usage of the 12C bus and separate headers for connec
tion to an LCD module and a keypad. 
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16.7 Assembler CMPASM) 

The MPASM Cross Assembler is a PC-hosted symbolic 
assembler. It supports all microcontroller series includ
ing the PIC16C5X, PIC16CXX, and PIC17CXX fami
lies. 

MPASM offers full 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 Microchip 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 

• Produces all the files (Object, Listing, Symbol, 
and special) required for symbolic debug with 
Microchip's emulator systems. 

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

MPASM provides a full feature directive language rep
resented by four basic classes of directives: 

• Data Directives are those that control the alloca
tion of memory and provide a way to refer to data 
items symbolically, i.e., 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 condition
ally assembled code. 

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

16.8 Software Simulator (MPSIM} 

The MPSIM Software Simulator allows code develop
ment in a PC host environment. It allows the user to 
simulate the PIC16/17 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 

TABLE 16-2: DEVELOPMENT SYSTEM PACKAGES 

Item Name 

radix can be set by the user and the execution can be 
performed in; single step, execute until break, or in a 
trace mode. MPSlM fully supports symbolic debugging 
using MP-C and MPASM. The Software Simulator 
offers the low cost flexibility to develop and debug code 
outside of the laboratory environment making it an 
excellent multi-project software development tool. 

16.9 C Compiler (MP-C) 

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 
(emulator software versions 1.13 and later). 

The MP-C Code Development System is supplied 
directly by Byte Craft Limited of Waterloo, Ontario, Can
ada. If you have any questions, please contact your 
regional Microchip FAE or Microchip technical support 
personnel at (602) 786-7627. 

16.10 Fuzzy Logic Development System 
(fuzzyTECH-MP) 

fuzzyTECH-MP fuzzy logic development tool is avail
able in two versions - a low cost introductory version, 
MP Explorer, for designers to gain a comprehensive 
working knowledge of fuzzy logic system design; and 
a full-featured version, fuzzyTECH-MP Edition, for 
implementing more complex systems. 

Both versions include Microchip's fuzzyLAB™ demon
stration board for hands-on experience with fuzzy logic 
systems implementation. 

16.11 Development Systems 

For convenience, the development tools are packaged 
into comprehensive systems as listed in Table 16-2. 

System Description 

1. PICMASTER System PICMASTER In-Circuit Emulator, PRO MATE Programmer, Assembler, Soft-
ware Simulator, Samples and your choice of Target Probe. 

2. PICSTART System PICSTART Low-Cost Prototype Programmer, Assembler, Software Simulator 
and Samples. 

3. PRO MATE System PRO MATE Universal Programmer, full featured stand-alone or PC-hosted pro-
grammer, Assembler, Simulator 
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17.0 PIC17C42 ELECTRICAL CHARACTERISTICS 
Absolute Maximum Ratings t 
Ambient temperature under bias .................................................................................................................. -55 to +125"C 

Storage temperature ............................................................................................................................... -65"C to + 150'C 

Voltage on Voo with respect to Vss ............................................................................................................... o to +7.5V 

Voltage on 'MCrn with respect to Vss (Note 2) .......................................................................................... -0.SV to +14V 

Voltage on RA2 and RA3 with respect to Vss .............................................................................................. -0.SV to +12V 

Voltage on all other pins with respect to Vss ..................................................................................... -0.6V to 'vt>o + 0.6V 

Total power dissipation (Note 1) ................................................................................................................................. 1.0W 

Maximum current out of Vss pin(s) - Total ............................................................................................................. 250 mA 

Maximum current into Voo pin(s) - Total ................................................................................................................ 200 mA 

Input clamp current, llK (VI < o or VI > Voo) ...................................................................................................................... :t20 mA 

Output clamp current, loK (VO < O or VO >Voo) ................................................................................................................ :t20 mA 

Maximum output current sunk by any 110 pin (except RA2 and RA3) ..................................................................... 35 mA 

Maximum output current sunk by RA2 or RA3 pins ................................................................................................. 60 mA 

Maximum output current sourced by any 1/0 pin ..................................................................................................... 20 mA 

Maximum current sunk by PORTA and PORTB (combined) .................................................................................. 150 mA 

Maximum current sourced by PORTA and PORTB (combined) ............................................................................ 100 mA 

Maximum current sunk by PORTC, PORTO and PORTE (combined) .................................................................. 150 mA 

Maximum current sourced by PORTC, PORTO and PORTE (combined) ............................................................. 100 mA 

Note 1: Power dissipation is calculated as follows: Pdis = 'vt>o x {loo - I loH} +I {(Voo-VoH) x loH} + I(VoL x loL) 

Note 2: Voltage spikes below Vss at the reI:R pin, inducing currents greater than 80 mA, may cause latch-up. Thus, 
a series resistor of 50-1 oon should be used when applying a "low" level to the MCrR pin rather than pulling 
this pin directly to Vss. 
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TABLE 17-1: CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS 
AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES) 

osc 17C42-16 17C42·25 

RC Voo: 4.5V to 5.5V Voo: 4.5V to 5.5V 
loo: 6 mA max. loo: 6 mA max. 
IPO: 5 µA max. at 5.5V (WOT disabled) IPO: 5 µA max. at 5.5V (WOT disabled) 
Freq: 4 MHz max. Freq: 4 MHz max. 

XT Voo: 4.5V to 5.5V Voo: 4.5V to 5.5V 
loo: 24 mA max. loo: 38 mA max. 
IPO: 5 µA max. at 5.5V (WOT disabled) IPO: 5 µA max. at 5.5V (WOT disabled) 
Freq: 16 MHz max. Freq: 25 MHz max. 

EC Voo: 4.5V to 5.5V Voo: 4.5V to 5.5V 
loo: 24 mA max. loo: 38 mA max. 
IPO: 5 µA max. at 5.5V (WOT disabled) IPO: 5 µA max. at 5.5V (WOT disabled) 
Freq: 16 MHz Freq: 25 MHz max. 

LF Voo: 4.5V to 5.5V Voo: 4.5V to 5.5V 
loo: 150 µA max. at 32 kHz (WOT enabled) loo: 150 µA max. at 32 kHz (WOT enabled) 
IPO: 5 µA max. at 5.5V (WOT disabled) IPO: 5 µA max. at 5.5V (WOT disabled) 
Freq: 2 MHz max. Freq: 2 MHz max 
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17.1 DC CHARACTERISTICS: PIC17C42-16 (Commercial, Industrial) 
PIC17C42-25 (Commercial, Industrial) 

Standard Operating Conditions (unless otherwise stated) 
Operating temperature 

DC CHARACTERISTICS .4o·c $TA$ +85°C for industrial and 
o·c $TA$ +70°C for commercial 

Operating voltage Voo = 4.5V to 5.5V 

Parameter 
No. ~m Characteristic Min TY& Max Units Conditions 

0001 VDD Supply Voltage 4.5 - 5.5 v 
0002 VDR RAM Data Retention 1.5. - - v Device in SLEEP mode 

Voltage (Note 1) 

0003 VPOR Voo start voltage to - Vss - v See section on Power-On Reset for 
guarantee details 
Power-On Reset 

0004 Svoo Voo rise rate to 0.060* - - mV/ms See section on Power-On Reset for 
guarantee details 
Power-On Reset 

0010 loo Supply Current - 3 6 mA Fosc = 4 MHz (Note 4) 
0011 (Note 2) - 6 12. mA Fosc=B MHz 
0012 - 11 24. mA Fosc = 16 MHz 
0013 - 19 38 mA Fosc= 25 MHz 
0014 - 95 150 µA Fosc= 32 kHz 

WOT enabled (EC osc configuration) 

0020 IPD Power Down Current - 10 40 µA VDD = 5.5V, WOT enabled 
0021 (Note 3) - <1 5 µA Voo = 5.5V, WOT disabled 

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. 
Note 1: This is the limit 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 110 pins tristated, pulled to \A:Jo or Vss, TOCK! = Voo, 
MCLR = Voo; WOT enabled/disabled as specified. 
Current consumed from the oscillator and I/O's driving external capacitive or resistive loads need to be con
sidered. 
For the RC oscillator, the current through the external pull-up resistor (R) can be estimated as: \Oo I (2 • R). 
For capacitive loads, The current can be estimated (for an individual 1/0 pin) as (Q • Voo) • f 
CL= Total capacitive load on the 1/0 pin; f =average frequency on the 1/0 pin switches. 
The capacitive currents are most significant when the device is configured for external execution (includes 
extended microcontroller mode). 

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, all 1/0 pins in hi-impedance state and tied to \Oo or Vss. 

4: For RC osc configuration, current through Rext is not included. The current through the resistor can be esti
mated by the formula IR = Voo/2Rext (mA) with Rext in kOhm. 
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17.2 DC CHARACTERISTICS: PIC17C42-16 (Commercial, Industrial) 
PIC17C42-25 (Commercial, Industrial) 

Standard Operating Conditions (unless otherwise stated) 
Operating temperature 

DC CHARACTERISTICS -40°C s TA s +85°C for industrial and 
o·c s TA s +70°C for commercial 

Operating voltage Voo range as described in Section 17.1 
Parameter 

No. ~m Characteristic Min 1}t& Max Un~ Conditions 

0030 
0031 

0032 

0033 

0040 
0041 
0042 
0043 
0050 

0060 

0061 

0062 

0063 

0064 

0070 . 
t 

:j: 

Input Low Voltage 
VIL 1/0 ports 

with TTL buffer Vss - 0.8 v 
with Schmitt Trigger buffer Vss - 0.2 Voq v 

"KifCO'.'i, OSC1 (in EC and RC Vss - 0.2 Vod v Note1 
mode) 
OSC1 (in XT, and LF mode) - 0.5 Voq - v 
Input High Voltage 

VIH 1/0 ports -
with TTL buffer 2.0 - Voo v 
with Schmitt Trigger buffer 0.8 VDD - Voo v 

MCLR 0.8 Voo - Voo v Note1 
OSC1 (XT, and LF mode) - 0.5 Voq - v 

VHYS Hysteresis of 0.15 Voo - - v 
Schmitt Trigger inputs 
Input Leakage Current 
(Notes 2, 3) 

Ill 1/0 ports (except RA2, RA3) - - ±1 µA Vss $ VPIN $ Voo, 
1/0 Pin at hi-impedance 
PORTS weak pull-ups disabled 

JilC[R - - ±2 µA VPIN = Vss orVPIN = Voo 

RA2,RA3 ±2 µA Vss $ VRA2, VRA3 $ 12V 

OSC1, TEST - - ±1 µA Vss $ VPIN $ Voo 

MCLR - - 10 µA VMCLR = VPP = 12V 
(when not programming) 

IPURB PORTS weak pull-up current 60 200 400 µA VPIN = Vss, RSPU = 0 
These parameters are characterized but not tested. 
Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. 
These parameters are for design guidance only and are not tested, nor characterized. 

tt 
Note 1: 

Design guidance to attain the AC timing specifications. These loads are not tested. 
In RC oscillator configuration, the OSC1 pin is a Schmitt trigger input. It is not recommended that the 
PIC17CXX devices be driven with ex1emal clock in RC mode. 

2: The leakage current on the MCrn 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: These specifications are for the programming of the on-chip program memory EPROM through the use of the 

table write instructions. The complete programming specifications can be found in: PIC17CXX Programming 
Specifications (Literature number DS30139). 

5: The MCLR/Vpp pin may be kept in this range at times other than programming, but this is not recommended. 
6: For TTL buffers, the better of the two specifications may be used. 
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Standard Operating Conditions (unless otherwise stated) 
Operating temperature 

DC CHARACTERISTICS -40'C s TA s +85'C for industrial and 
o·c s TA s +70'C for commercial 

Operating voltage Voo range as described in Section 17.1 
Parameter 

No. ~m Characteristic Min '!le.t Max Uni!! Conditions 

0080 
0081 

0082 
0083 

0090 
0091 

0092 

0093 

0100 

0101 

0102 

0110 
0111 

0112 
0113 

0114 

t 

:I: 

Output Low Voltage 
VOL 1/0 ports (except RA2 and RA3 - - 0.1 Voq v IOL=4mA 

with TTL buffer - - 0.4 v IOL = 6 mA, VDD = 4.SV 
Notes 

RA2and RA3 - - 3.0 v loL = so.o mA, Voo = 5.SV 
OSC2/CLKOUT - - 0.4 v IOL = 2 mA, Voo = 4.SV 
(RC and EC osc modes) 
Output High Voltage (Note 3) 

VOH 1/0 ports (except RA2 and RA31 0.9 VDD - - v IOH = -2 mA 
with TTL buffer 2.4 - - v IOH = -S.O mA, Voo = 4.SV 

Notes 
RA2and RA3 - - 12 v Pulled-up to externally applied 

voltage 
OSC2/CLKOUT 2.4 - - v IOH = -5 mA, VDD = 4.SV 
(RC and EC osc modes) 
Capacitive Loading Specs 
on Output Pins 

COsc2 OSC2pin - - 2Stt pF In EC or RC osc modes when 
OSC2 pin is outputting 
CLKOUT. 
external clock is used to drive 
OSC1. 

C10 All 110 pins and OSC2 - - SOtt pF 
(in RC mode) 

CAD System Interface Bus - - 100tt pF In Microprocessor or 
(PORTC, PORTO and PORTE) Extended Microcontroller mode 
Internal Program Memory 
Programming Specs (Note 4) 

VPP Voltage on liilO[RNpp pin 12.5 - 13.5 v Notes 
VDDP Supply voltage during program 4.75 5.0 5.25 v 

ming 
IPP Current into ~PP pin - 25:1: 50:1: mA 
IDDP Supply current during program- - - 30:1: mA 

ming 
TPROG Programming pulse width 10 100 1000 µs Terminated via intemaVextemal 

interrupt or a reset 
These parameters are characterized but not tested. 
Data in "Typ" column is at SV, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. 
These parameters are for design guidance only and are not tested, nor characterized. 

tt 
Note 1: 

Design guidance to attain the AC timing specifications. These loads are not tested. 
In RC oscillator configuration, the OSC1 pin is a Schmitt trigger input. It is not recommended that the 
PIC17CXX devices be driven with external clock in RC mode. 

2: The leakage current on the lilrn:R 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: These specifications are for the programming of the on-chip program memory EPROM through the use of the 

table write instructions. The complete programming specifications can be found in: PIC17CXX Programming 
Specifications (Literature number DS30139). 

5: The MCLR/Vpp pin may be kept in this range at times other than programming, but this is not recommended. 
S: For TTL buffers, the better of the two specifications may be used. 

© 1995 Microchip Technology Inc. OS30412A-page 2-965 



PIC17C4X 

17.3 Timing Parameter Symbology 

The timing parameter symbols have been creeted using one of the following fonnats: 

1. TppS2ppS 

2.TppS 

ITF 
_ Frequency 

Lowercase symbols (pp) and their meanings: 

pp 

s 

ad Address/Data 

al ALE 
cc Capture1 and Capture2 

ck CLKOUT or clock 

dt Data in 
in INT pin 

io VO port 

me J.ilCrn 
oe OE 
OS OSC1 

Uppercase symbols and their meanings: 

D 
E 
F 
H 

Driven 
Edge 
Fall 
High 

Invalid (Hi-impedance) 
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T 

ost 

pwrt 

rb 

rd 
rw 
tO 
t123 

wdt 

wr 

L 
p 

R 

v 
z 

Tme 

Oscillator Start-Up limer 

Power-Up limer 

PORTB 

RD 
RD or WR 
TOCKI 

TCLK12 and TCLK3 

Watchdog limer 

WR 

Low 

Period 

Rise 

Valid 

High Impedance 
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FIGURE 17-1: PARAMETER MEASUREMENT INFORMATION 

All timings are measure between high and low measurement points as indicated in the figures below. 

INPUT LEVEL CONDITIONS 
PORTC, D and E pins x x y- VIH=2.4V 

--~· '-· --------'· '-------~(\_ ___ VIL= 0.4V 

All other input pins 

Data in valid 

-::
Data in invalid 

X X v- VIH=0.9Voo 

---~· '-· --------'· '-· ______ /\______ VIL= 0.1 VDD 

Data invalid 

OUTPUT LEVEL CONDITIONS 

:--
Data out invalid 

-::
Data in invalid 

y.-- -- -- ---- ---:r. 0.9Voo V-
0.1 Vo~ -- - - - - - - - - - -:A'°". _____ ___,/\______ 

--: ~ Rise Time --: ~ Fall Time 

LOAD CONDITIONS 

Load Condition 1 Load Condition 2 

Voo/2 

~"' 
Pin +CL 

Vss 

RL=464 
50 :SCL :S100pF 
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17.4 Timing Diagrams and Soecifications 

FIGURE 17-2: EXTERNAL CLOCKTIMING 

04 01 02 03 04 01 

OSC1 

·-- 1 _____.: 

2 

OSC2 t 

t In EC and RC modes only. 

TABLE 17-2: EXTERNAL CLOCK TIMING REQUIREMENTS 

Parameter 
No. Sym Characteristic Min Typt Max Units Conditions 

Fosc External CLKIN Frequency DC - 16 MHz EC osc mode· PIC17C42·16 

(Note 1) DC - 25 MHz • PIC17C42·25 

Oscillator Frequency DC - 4 MHz RCoscmode 
(Note 1) 1 - 16 MHz XT osc mode • PIC17C42· 16 

1 - 25 MHz • PIC17C42-25 
DC - 2 MHz LF oscmode 

1 Tosc External CLKIN Period 62.5 - - ns EC osc mode· PIC17C42·16 
(Note 1) 40 - - ns • PIC17C42-25 

Oscillator Period 250 - - ns RCoscmode 
(Note 1) 62.5 - 1,000 ns XT osc mode· PIC17C42·16 

40 - 1,000 ns • PIC 17C42·25 
500 - - ns LF osc mode 

2 Tcv Instruction Cycle Time (Note 1) 160 4/Fosc DC ns 

3 TosL, Clock in (OSC1) High or Low Time 10 :j: - - ns EC oscillator 
TosH 

4 TosR, Clock In (OSC1) Rise or Fall Time - - 5 :j: ns EC oscillator 
TosF 

t Data 1n "Typ" column 1s at 5V, 25'C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 

:j: These parameters are for design guidance only and are not tested, nor characterized. 
Note 1: Instruction cycle period (Tcv) 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 unstable oscillator operation and/or higher than expected current consump· 
lion. 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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FIGURE 17-3: CLKOUT AND l/OTIMING 

Q4 01 02 03 

OSC1 

' :-..; 10 
' 

OSC2t 
:~22_.J 
:__:_23_! 

' ' ,'------'----+'--------'' ' 
._... : .... 13 --., ...-, 12 

l/OPin 
(input) 

' ' 
:-:14 

1/0 Pin 
(output) 1----0-ld_va_iu_e __ ~----' 

-; :--20,21 

t In EC and RC modes only. 

TABLE 17-3: CLKOUT AND l/OTIMING REQUIREMENTS 

Parameter 
No. Sym Characteristic Min 

10 TosH2ckl OSC11' to CLKOUT.j. -
11 TosH2ckH OSC11' to CLKOUTt -
12 TckR CLKOUT rise time -
13 TckF CLKOUT fall time -
14 TckH21oV CLKOUTt to Port out valid -
1S TloV2ckH Port In valid before CLKOUTt 0.2S Tcv+2S t: 

16 TckH2iol Port in hold after CLKOUTt Ot: 
17 TosH21oV OSC11' (01 cycle) to Port out valid -
20 TioR Port output rise time -
21 TloF Port output fall time -
22 TinHL INT pin high or low time 2S. 

23 TrbHL RB<7:0> change INT high or low time 2S. 

These parameters are characterized but not tested. 

--:-16 

new value 

Typt Max Units Conditions 

1St: 30t: ns Note 1 

1S t: 30t: ns Note 1 

St: 1S t: ns Note1 

St: 1S t: ns Note 1 

- O.STcv+20t: ns Note 1 

- - ns Note 1 

- - ns Note 1 

- 100t: ns 

10 t: 3St: ns 

10 t: 3St: ns 

- - ns 

- - 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. 

t: These parameters are for design guidance only and are not tested, nor characterized. 
Note 1: Measurements are taken in EC Mode where OSC2 output Is 4 x Tosc. 
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FIGURE 17-4: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP 
TIMER TIMING 

Voo 

Internal 
POR 

·-30--; 

:.,___ 33 ___..,_· ----------'---------'.'<-----------

: . I PWRT 
Time-out 

osc 
Time-out 

Internal 
RESET 

Watchdog 
Timer 

RESET 

Address/ 
Data 

~i ' 

_..; 35 :-

TABLE 17-4: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP 
TIMER REQUIREMENTS 

Parameter Sym Characteristic Min Typt Max Units Conditions 
No. 

30 TmcL reiJl Pulse Width (low) 100. - - ns 

31 Twdt Watchdog Timer Timeout Period 5• 12 25• ms 
(Prescale = 1) 

32 Test Oscillation Start-Up Timer Period 1024 Tosc § ms Tosc = OSC1 period 

33 Tpwrt Power-Up Timer Period 40. 96 200. ms 

35 TmcL2adl MCCTi to System Interface bus - - 100. ns 
(AD<15:0>) invalid 

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. 
:f: These parameters are for design guidance only and are not tested, nor characterized. 
§ This specification guaranteed by design. 
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FIGURE 17-5: TIMERO CLOCK TIMINGS 

RA1fTOCKI 

·-40-:.-41-

42 

TABLE 17-5: TIMERO CLOCK REQUIREMENTS 

Parameter 
No. Sym Characteristic Min Typt Max Units Conditions 

40 TtoH TOCKI High Pulse Width No Prescaler 0.5 Tcv + 20 § - - ns 

With Prescaler 10· - - ns 

41 TtOL TOCKI low Pulse Width No Prescaler 0.5 Tcv + 20 § - - ns 

With Prescaler 10· - - ns 

42 TtoP TOCKI Period ill..±...4Q § - - ns N = prescale value 
N (1, 2, 4, ... , 256) 

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. 
§ This specification guaranteed by design. 

FIGURE 17-6: TIMER1,TIMER2, ANDTIMER3 CLOCKTIMINGS 

TCLK12 
or 
TCLK3 

TM Rx 

\'----_/ 
47 --------<~ 

48-: 
48-------. 

TABLE 17-6: TIMER1, TIMER2, ANDTIMER3 CLOCK REQUIREMENTS 

Parameter Typ 
No. Sym Characteristic Min t Max Units Conditions 

45 Tt123H TCLK12 and TCLK3 high time 0.5 TCY+ 20 § - - ns 

46 Tt123L TCLK12 and TCLK3 low time 0.5 Tcv+ 20 § - - ns 

47 Tt123P TCLK12 and TCLK3 input period Tcv+40 § - - ns N = prescal e value 
N (1, 2, 4, 8) 

48 TckE2tmrl Delay from selected External Clock Edge to 2Tosc § 6 Tosc § 
Timer increment . 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. 

§ This specification guaranteed by design. 
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FIGURE 17-7: CAPTURE TIMINGS 

CAP1 
and CAP2 

(Capture Mode) \ I \~ 
;___ 50 -: :- 51 -: 

52 

TABLE 17-7: CAPTURE REQUIREMENTS 

Parameter 
' No. Sym Characteristic Min Ty pt Max Units Conditions 

50 Teel Capture1 and Capture2 input low time 10. - - ns 

51 TccH Cap1ure1 and Capture2 input high 1ime 10. - - ns 

52 TccP Capture1 and Capture2 input period 2-.TuY§ - - ns N = prescale value 
N (4 or 16) . 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. 

§ This specification guaranteed by design. 

FIGURE 17-8: PWM TIMINGS 

PWM1 I \ and PWM2 
(PWMMode) 

53 --· --- :-- 54 

TABLE 17-8: PWM REQUIREMENTS 

Parameter 
No. Sym Characteristic Min Typt Max Units Conditions 

53 TccR PWM1 and PWM2 output rise time - 10· 35 .§ ns 

54 TccF PWM1 and PWM2 output fall time - 10. 35 .§ 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. 
§ This specification guaranteed by design. 
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FIGURE 17-9: SCI MODULE: SYNCHRONOUS TRANSMISSION (MASTER/SLAVE) TIMING 

RA5frX/CK ____ ,. 

pin -: :- 121 -: :- 121 
RA4/RX/DT _____ ..___,_ 

pin -----~/ -.~-------------~~---------

-· :- 120 122-: :-

TABLE 17-9: SERIAL PORT SYNCHRONOUS TRANSMISSION REQUIREMENTS 

Parameter 
No. Sym Characteristic Min Typt Max Units Conditions 

120 TckH2dtV SYtilQ ~MII (MASIEB &. Sl.allEl 
Clock high to data out valid - - 65 ns 

121 TckRF Clock out rise time and fall time (Master - 10 35 ns 
Mode) 

122 TdtRF Data out rise time and fall time - 10 35 ns 

t Data 1n "Typ• column IS at 5V, 25"C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 

FIGURE 17-10: SCI MODULE: SYNCHRONOUS RECEIVE (MASTER/SLAVE) TIMING 

RASfrX/CK ---~ 
pin 125 

RA4/RX/DT -----~ .... : _•---"~' --------~ ,---------
pin 

-----126-----t-

TABLE 17-10: SERIAL PORT SYNCHRONOUS RECEIVE REQUIREMENTS 

Parameter 
No. Sym Characteristic Min Typt Max Units Conditions 

125 TdtV2ckL SYtil!:< BQll (MASIEB &. SLallEl 15 - - ns 
Data hold before CK.J. (OT hold time) 

126 Tckl2dtl Data hold after CK.J. (OT hold time) 15 - - ns 

t Data 1n "Typ" column Is at 5V, 25"C unless otherw1Se stated. These parameters are for design guidance only and are not 
tested. 
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FIGURE 17-11: MEMORY INTERFACE WRITE TIMING 

01 02 03 04 01 02 

OSC1 

ALE~-----~ 

-...;-: :-151 

150 154 

AD<15:0> ~------~~~~a_d_d_r o_u_t--,--~; X'"""--~~---da_t_a_o--,ut_.,-------,-~X addr out 

152 153 

TABLE 17-11: MEMORY INTERFACE WRITE REQUIREMENTS 

Parameter 
No. Sym Characteristic Min Typt Max Units Conditions 

150 TadV2alL AD<15:0> (address) valid to ALE! 0.25 Tcy-30 - - ns 
(address setup time) 

151 TalL2adl ALE! to address out invalid 0 - - ns 
(address hold time) 

152 TadV2wrL Data out valid to WlU 0.25 Tcy-40 - - ns 
(data setup time) 

153 TwrH2adl WR"t to data out invalid - 0.25 Tcv§ - ns 
(data hold time) 

154 TwrL WR" pulse width - 0.25 Tcv § - 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. 
§ This specification is guaranteed by design. 
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FIGURE 17-12: MEMORY INTERFACE READ TIMING 

01 02 03 04 01 02 

OSC1 

:· .. ~ ===:::Z---- 166 
ALE-------

:'.- 164 ---: : :-1se·--.;. 
1 1 I I I 

'OE ---'-------'--------'-:.L.., ---"-'-~,..._150, 

:: ---~:1s5 -------;:,..... ___ __,, • ..,· s1 

AD<15:0> ~----~~~~ ..... -A_d_d_r_o_ut~:~: ~~ Data in : j )>----:AA---~A-d-dr_o_ut~ 
150 ,._ __ .,·: ' 162 : " 

~151- ~ 163:--
, '1' 167 ------ ·1·: 

WR~----------~----------~-----------

TABLE 17-12: MEMORY INTERFACE READ REQUIREMENTS 

Parameter Sym Characteristic Min Typt Max Units Conditions 
No. 

150 TadV2alL AD<15:0> (address) valid to ALE.J. 0.25Tcy-30 - - ns 
(address setup time) 

151 TalL2adl ALE-!. to address out invalid 0 - - ns 
(address hold time) 

160 TadZ2oeL AD<15:0> high impedance to 01:.J. 10 - - ns 

161 ToeH2adD UE't to AD<15:0> driven 0.25 Tcy-15 - - ns 

162 TadV2oeH Data in valid before UE't 35 - - ns 
(data setup time) 

163 ToeH2adl UE'tto data in invalid (data hold time) 0 - - ns 

164 TalH ALE pulse width - 0.25 Tcv § - ns 

165 ToeL 'OE pulse width 0.5 Tcy-35 § - - ns 

166 TalH2alH ALEt to ALEt (cycle time) - Tcv§ - ns 
167 Tacc Address access time - - 0.75Tcv-40 ns 

168 Toe Output enable access time - - 0.5Tcv-60 ns 
(OE low to Data Valid) 

These parameters are charactenzed 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. 
§ This specification guaranteed by design. 
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NOTES: 
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18.0 PIC17C42 DC AND AC CHARACTERISTICS 
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 \AJo 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 summary 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 + 3J) and (mean - 3cr) 
respectively where cr is standard deviation. 

TABLE 18-1: PIN CAPACITANCE PER PACKAGE TYPE 

Pin Name 
Typical Capacitance (pF) 

40-pin DIP 44-pin PLCC 44-pin MQFP 44-pinTQFP 

All pins, except lVlCrn, 10 10 10 10 
Voo, and Vss 

MCLRpin 20 20 20 20 

FIGURE 18-1: TYPICAL RC OSCILLATOR FREQUENCY vs. TEMPERATURE 

Fosc Frequency normalized to +25°C 
Fosc (25°C) 

1.10 

1.08 

1.06 

1.04 

1.02 

1.00 

0.98 

0.96 

0.94 

0.92 

0.90 

0 10 20 25 30 40 50 60 70 

T{°C) 
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FIGURE 18-2: TYPICAL RC OSCILLATOR FREQUENCY vs. VDD 

4.0 

3.5 

3.0 

~ 2.5 

6 2.0 
0 en &. 1.5 

1.0 

0.5 

0 

t--

fR 

4 4.5 

10k 

Cext = 22 pF, T = 25°C 

R= 100k 
.· 

5.0 5.5 

VDD (Volts) 

FIGURE 18-3: TYPICAL RC OSCILLATOR FREQUENCY vs. VDD 

4.0 

3.5 

3.0 

'N 2.5 
I 
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0 

& 1.5 

1.0 

0.5 

0 

Cext = 100 pF, T = 25°C 
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FIGURE 18-4: TYPICAL RC OSCILLATOR FREQUENCY vs. Voo 

2.0 

1.8 

1.6 

1.4 

1.2 

'N' 
J: 1.0 e 
&l 0.8 

rt. 
0.6 

0.4 

0.2 

0 

Cext = 300 pF, T = 25°C 

4 4.5 

R-3.3k 

R 5.1k 

R-10k 

R = 160k 

5.0 
VDD (Volts) 

TABLE 18-2: RC OSCILLATOR FREQUENCIES 

Cext Rext 

22pF 10k 
iOOk 

100 pF 3.3k 
5.1k 
10k 

100k 
300pF 3.3k 

5.1k 
10k 

160k 
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5.5 

3.33 MHz 
353 kHz 

3.54 MHz 
2.43 MHz 
1.30 MHz 
129 kHz 

1.54 MHz 
980 kHz 
564 kHz 
35 kHz 

PIC17C4X 

• 
6.0 6.5 

Average 
Fosc @ SV, 25°C 

±12% 
±13% 

±10% 
±14% 
±17% 

±10% 
±14% 
±12% 
±16% 
±18% 
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FIGURE 18·5: TRANSCONDUCTANCE (gm) OF LF OSCILLATOR vs. Voo 
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FIGURE 18-6: TRANSCONDUCTANCE (gm) OF XT OSCILLATOR vs. Voo 
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FIGURE 18-7: TYPICAL IDD vs. FREQUENCY (EXTERNAL CLOCK 25°C) 

1.0E-05 ~-~~~~~--~~~~~-~-~~~~-~-~~~~ 
10k 100k 1M 10M 100M 

External Clock Frequency (Hz) 

FIGURE 18-8: MAXIMUM IDD vs. FREQUENCY (EXTERNAL CLOCK 125°C TO -40°C) 

~ 
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1--4.5V+,
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FIGURE 18-9: TYPICAL IPD vs. VDD WATCHDOG DISABLED 25°C 
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FIGURE 18-10: MAXIMUM IPD vs. VooWATCHDOG DISABLED 
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FIGURE 18-11: TYPICAL IPD vs. Yoo WATCHDOG ENABLED 25°C 
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FIGURE 18-12: MAXIMUM IPOVS. vooWATCHDOG ENABLED 
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FIGURE 18-13: WDTTIMERTIME-OUT PERIOD vs. Voo 
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FIGURE 18-14: IOH vs. VoH, VDD = 3V 
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FIGURE 18-15: IOH vs. VOH, VDD = SV 
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FIGURE 18-16: IOL vs. VOL, Voo = 3V 
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FIGURE 18-17: IOL vs. VOL, Voo = SV 
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FIGURE 18-18: VTH (INPUTTHRESHOLDVOLTAGE) OF 1/0 PINS (TTL) vs. Voo 
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FIGURE 18-19: VTH, VIL of 1/0 PINS (SCHMITTTRIGGER) vs. Voo 
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FIGURE 18-20: VTH (INPUT THRESHOLD VOLTAGE) OF OSC1 INPUT 
(IN XT AND LF MODES) vs. Voo 
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NOTES: 
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19.0 PIC17C43 AND PIC17C44 ELECTRICAL CHARACTERISTICS 
Absolute Maximum Ratings t 
Ambient temperature under bias .................................................................................................................. -55 to +125°C 

Storage temperature ............................................................................................................................... -65°C to +150°C 

Voltage on Voo with respect to Vss ............................................................................................................... Oto +7.5V 

Voltage on "fJCCTi with respect to Vss (Note 2) .......................................................................................... -0.GV to +14V 

Voltage on RA2 and RA3 with respect to Vss .............................................................................................. -0.GV to +14V 

Voltage on all other pins with respect to Vss ...................................................................................... -0.6V to Vbo +0.6V 

Total power dissipation (Note 1) ................................................................................................................................. 1.0W 

Maximum current out of Vss pin(s) - total .............................................................................................................. 250 mA 

Maximum current into Voo pin(s) - total ................................................................................................................. 200 mA 

Input clamp current, l1K (Vi< O or VI> Voo) ..........................................•..........................................................•..............•. ±20 mA 

Output clamp current, loK (VO < O or VO > Voo) .....................................................................................................•......... ±20 mA 

Maximum output current sunk by any 1/0 pin (except RA2 and RA3) ..................................................................... 35 mA 

Maximum output current sunk by RA2 or RA3 pins ................................................................................................. 60 mA 

Maximum output current sourced by any 1/0 pin ..................................................................................................... 20 mA 

Maximum current sunk by PORTA and PORTB (combined) .................................................................................. 150 mA 

Maximum current sourced by PORTA and PORTB (combined) ............................................................................ 100 mA 

Maximum current sunk by PORTC, PORTD and PORTE (combined) .................................................................. 150 mA 

Maximum current sourced by PORTC, PORTO and PORTE (combined) ............................................................. 100 mA 

Note 1: Power dissipation is calculated as follows: Pdis = VDD x {IDD - L IOH} + L {(VDD-VOH) x IOH} + L(VOL x IOL) 

Note 2: Voltage spikes below Vss at the MCLR pin, inducing currents greater than 80 mA, 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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TABLE 19-1: CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS 
AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES) 

osc 

RC 

XT 

EC 

17C43-16 
17C44-16 

Voo: 4.5V to 6.0V 
loo: 6 mA Max. 
IPO: 5 µA Max. at 6V 

WOT disabled 
Freq: 4 MHz Max. 
Voo: 4.5V to 6.0V 
loo: 24 mA Max. 
IPO: 5 µA Max. at 6V 

WOT disabled 
Freq: 16 MHz Max. 
Voo: 4.5V to 6.0V 
loo: 24 mA Max. 
IPO: 5 µA Max. at 6V 

WOT disabled 
Fre : 16 MHz Max 

17C43-25 
17C44-25 

Voo: 4.5V to 6.0V 
loo: 6 mA Max. 
IPO: 5 µA Max. at 6V 

WOT disabled 
Freq: 4 MHz Max. 
Voo: 4.5V to 6.0V 
loo: 38 mA Max. 
IPO: 5 µA Max. at 4V 

WOT disabled 
Freq: 25 MHz Max. 
Voo: 4.5V to 6.0V 
loo: 38 mA Max. 
IPO: 5 µA Max. at 6V 

WOT disabled 
Fre : 25 MHz Max. 

17LC43-08 
17LC44-08 

Voo: 2.5V to 6.0V 
loo: 6 mA Max. 
IPO: 5 µA Max. at 6V 

WOT disabled 
Freq: 4 MHz Max. 
Voo: 2.5V to 6.0V 
loo: 12 mA Max. 
IPO: 5 µA Max. at 6V 

WOT disabled 
Freq: 8 MHz Max. 
Voo: 2.5V to 6.0V 
loo: 12 mA Max. 
IPO: 5 µA Max. at 6V 

WOT disabled 
Freq: 8 MHz Max . 

. , Voo: 2.5V to 6.0V 
loo: 150 µA Max. at 32 kHz 
IPO: 5 µA Max. at 6.0V 

WOT disabled 
Freq: 2 MHz Max. 

The shaded sections indicate oscillator selections which are tested for functionality, but not for MIN/MAX specifica
tions. It is recommended that the user select the device type that guarantees the specifications required. 
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19.1 DC CHARACTERISTICS: 

PIC17C4X 

PIC17C43/C44-16 (Commercial, Industrial) 
PIC17C43/C44-25 (Commercial, Industrial) 

Standard Operating Conditions (unless otherwise stated) 
Operating temperature 

DC CHARACTERISTICS 
-40°C 5 TA 5 +85'C for industrial and 
o·c s TA 5 +70'C for commercial 

Operating voltage Voo = 4.5V to 6.0V 

Parameter 
No. ~m Characteristic Min Tlli.. Max Units Conditions 

D001 Voo Supply Voltage 4.5 6.0 v 
0002 VDR RAM Data Retention 1.5 * - - v Device in SLEEP mode 

Voltage (Note 1) 

0003 VPOR Voo start voltage to - vss - v See section on Power-On Reset for 
guarantee details 
Power-On Reset 

0004 SVDD Voo rise rate to 0.060 * - - mV/ms See section on Power-On Reset for 
guarantee details 
Power-On Reset 

0010 IDD Supply Current - 3 6 mA Fosc = 4 MHz (Note 4) 
0011 (Note 2) - 6 12 * mA FOSC= 8 MHz 
0012 - 11 24 * mA FOSC= 16 MHz 
0013 - 19 38 mA FOSC= 25 MHz 
0014 - 95 150 µA Fosc = 32 kHz, 

WOT enabled (EC osc configuration) 

0020 IPD Power Down - 10 40 µA VDD = 6.0V, WOT enabled 
0021 Current (Note 3) - < 1 5 µA Voo = 6.0V, WOT disabled 

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. 
Note 1: This is the limit 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 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 110 pins tristated, pulled to \Ibo or Vss, TOCKI = Voo, 
~ = Voo; WOT enabled/disabled as specified. 
Current consumed from the oscillator and I/O's driving external capacitive or resistive loads needs to be con
sidered. 
For the RC oscillator, the current through the external pull-up resistor (R) can be estimated as: \/bD I (2 • R). 
For capacitive loads, The current can be estimated (for an individual 1/0 pin) as (Q. • VDD) •I 
CL= Total capacitive load on the 1/0 pin; f = average frequency the 1/0 pin switches. 
The capacitive currents are most significant when the device is configured for external execution (includes 
extended microcontroller mode). 

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 \/bo and Vss. 

4: For RC osc configuration, current through Rex! is not included. The current through the resistor can be esti
mated by the formula IR = Voo/2Rext (mA) with Rex! in kOhm. 
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19.2 DC CHARACTERISTICS: PIC17LC43/LC44 (Commercial, Industrial) 

Standard Operating Conditions (unless otherwise stated) 
Operating temperature 

DC CHARACTERISTICS -40'C ~TA~ +85'C for industrial and 
o·c ~TA~ +70'C for commercial 

Operating voltage Voo = 2.5V to 6.0V 

Parameter 
No. Sym Characteristic Min Typt Max Units Conditions 

0001 Voo Supply Voltage 2.5 - 6.0 v 
0002 VOR RAM Data Retention 1.5. - - v Device in SLEEP mode 

Voltage (Note 1) 

0003 VPOR Voo start voltage to - Vss - v See section on Power-On Reset for 
guarantee details 
Power-On Reset 

0004 svoo Voo rise rate to 0.060. - - mV/ms See section on Power-On Reset for 
guarantee details 
Power-On Reset 

0010 loo Supply Current - 3 6 mA Fosc = 4 MHz (Note 4) 
0011 (Note 2) - 6 12. mA FOSC=8 MHz 
0014 - 95 150 µA Fosc = 32 kHz, 

WOT disabled (EC osc configuration) 

0020 IPD Power Down - 10 40 µA Voo = 6.0V, WOT enabled 
0021 Current (Note 3) - < 1 5 µA Voo = 6.0V, WOT disabled 

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. 
Note 1: This is the limit 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 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=extemal square wave, from rail to rail; all 1/0 pins tristated, pulled to \Ibo or Vss, TOCKI = Voo, 
MCLR = Voo; WOT enabled/disabled as specified. 
Current consumed from the oscillator and I/O's driving external capacitive or resistive loads needs to be con
sidered. 
For the RC oscillator, the current through the external pull-up resistor (R) can be estimated as: \OD I (2 • R). 
For capacitive loads, The current can be estimated (for an individual 1/0 pin) as (Q • Voo) •I 
CL= Total capacitive load on the 1/0 pin; f = average frequency the 1/0 pin switches. 
The capacitive currents are most significant when the device is configured for external execution (includes 
extended microcontroller mode} 

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 \Oo or Vss. 

4: For RC osc configuration, current through Rext is not included. The current through the resistor can be esti
mated by the formula IR = Voo/2Rext (mA) with Rext in kOhm. 
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19.3 DC CHARACTERISTICS: PIC17C43/C44-16 (Commercial, Industrial) 
PIC17C43/C44-25 (Commercial, Industrial) 
PIC17LC43/LC44·08 (Commercial, Industrial) 

Standard Operating Conditions (unless otherwise stated) 
Operating temperature 

DC CHARACTERISTICS -40'C :-;; TA:-;; +85'C for industrial and 
o·c :-;; TA:<;; +70'C for commercial 

Operating voltage Voo range as described in Section 19.1 
Parameter 

No. ~m Characteristic Min "!'Y£_t Max Uni~ Conditions 

0030 

0031 

0032 

0033 

0040 

0041 

0042 
0043 
0050 

0060 

0061 
0062 
D063 

0064 

0070 

t 

:f: 

-~--

Input Low Voltage 
VIL 110 ports 

with TTL buffer Vss - 0.8 v PIC17C43/C44 
Vss - 0.2 Voo v PIC17LC43/LC44 

with Schmitt Trigger buffer Vss - 0.2 Voo v 
~. OSC1 (in EC and RC Vss - 0.2 Voo v Note1 
mode) 
OSC1 (in XT, and LF mode) - 0.5 Voo - v 
Input High VoHage 

VIH 110 ports -
with TTL buffer 2.0 - Voo v PIC17C43/C44 

1+0.2VDD - VDD v PIC17LC43/LC44 
with Schmitt Trigger buffer 0.8 Voo - Voo v 

MCLR 0.8 Voo - VDD v Note1 
OSC1 (XT, and LF mode) - 0.5 Voo - v 

VHYS Hysteresis of 0.15 Voo - - v 
Schmitt Trigger inputs 
Input Leakage Current 
(Notes 2, 3) 

Ill 110 ports (except RA2, RA3) - - ±1 µA Vss :<;; VPIN :<;; Voo, 
110 Pin at hi-impedance 
PORTS weak pull-ups disabled 

~ - - ±2 µA VPIN = Vss or VPIN = VDD 
RA2, RA3 ±2 µA Vss :<;; VRA2, VRA3 :<;; 12V 
OSC1, TEST - - ±1 µA Vss :<;; VPIN :<;; Voo 

MCLR - - 10 µA VMCLR = VPP = 12V 
(when not programming) 

IPURB PORTS weak pull-up current 60 200 400 µA VPIN = Vss, 'Fffi15U = 0 
4.5V :<;; Voo :<;; 6.0V 

These parameters are characterized but not tested. 
Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. 
These parameters are for design guidance only and are not tested, nor characterized. 

tt 
Note 1: 

Design guidance to attain the AC timing specifications. These loads are not tested. 
In RC oscillator configuration, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that the 
PIC17CXX devices be driven with external clock in RC mode. 

2: The leakage current on the 'MCCR pin is strongly dependent on the applied voltage level. The specified levels 
represent nonnal operating conditions. Higher leakage current may be measured at different input voltages. 

3: Negative current is defined as coming out of the pin. 
4: These specifications are for the programming of the on-chip program memory EPROM through the use of the 

table write instructions. The complete programming specifications can be found in: PIC17CXX Programming 
Specifications (Literature number DS30139). 

5: The MCCTl!Vpp pin may be kept in this range at times other than programming, but is not recommended. 
6: For TTL buffers, the better of the two specifications may be used. 
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Standard Operating Conditions (unless otherwise stated) 
Operating temperature 

DC CHARACTERISTICS -40°C s TA s +85°C for industrial and 
o·c s TA s +1o·c for commercial 

Operating voltage Voo range as described in Section 19.1 
Parameter 

No. Sym Characteristic Min '!}te_t Max Uni~ Conditions 

0080 

0081 

0082 
0083 
0084 

0090 

0091 

0092 

0093 
0094 

D100 

0101 

D102 

t 

:j: 

Output Low Voltage 
VOL 1/0 ports (except RA2 and RA3 IOL = Voo/1.250 mA 

- - 0.1 VDD v 4.5 V S VDD S S.0 V 
- - 0.1 VDD * v VDD=2.5V 

with TTL buffer - - 0.4 v IOL = s mA, Voo = 4.5V 
Notes 

RA2and RA3 - - 3.0 v loL = 60.0 mA, VDD = S.OV 
OSC2/CLKOUT - - 0.4 v IOL = 2 mA, VDD = 4.5V 
(RC and EC osc modes) - - 0.1 VDD * v IOL = VDD/2.500 mA 

(PIC17LC43/LC44 only) 
Output High Voltage (Note 3) 

VOH 1/0 ports (except RA2 and RA3~ IOH = -Voo/2.500 mA 
0.9 VDD - - v 4.5 V SVDD S S.O V 

0.9 VDD * - - v VDD=2.5V 
with TTL buffer 2.4 - - v IOH = -S.O mA, VDD=4.5V 

Notes 
RA2and RA3 - - 12 v Pulled-up to externally applied 

voltage 
OSC2/CLKOUT 2.4 - - v IOH = -5 mA, VDD = 4.5V 
(RC and EC osc modes) 0.9VDD • - - v IOH = -VDD/2.500 mA 

(PIC17LC43/LC44 only) 
Capacitive Loading Specs 
on Output Pins 

Cosc2 OSC2/CLKOUT pin - - 25tt pF In EC or RC osc modes when 
OSC2 pin is outputting 
CLKOUT. 
external clock is used to drive 
OSC1. 

C10 All 1/0 pins and OSC2 - - 50tt pF 
(in RC mode) 

CAD System lntertace Bus - - 100 tt pF In Microprocessor or 
(PORTC, PORTO and PORTE) Extended Microcontroller mode 

These parameters are characterized but not tested. 
Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. 
These parameters are for design guidance only and are not tested, nor characterized. 

tt 
Note 1: 

Design guidance to attain the AC timing specifications. These loads are not tested. 
In RC oscillator configuration, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that the 
PIC17CXX devices be driven with external clock in RC mode. 

2: The leakage current on the~ 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: These specifications are for the programming of the on-chip program memory EPROM through the use of the 

table write instructions. The complete programming specifications can be found in: PIC17CXX Programming 
Specifications (Literature number DS30139). 

5: The ~PP pin may be kept in this range at times other than programming, but is not recommended. 
S: For TTL buffers, the better of the two specifications may be used. 
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Standard Operating Conditions (unless otherwise stated) 
Operating temperature 

DC CHARACTERISTICS -40°C s TA s +as·c for industrial and 
o·c s TA s +70°C for commercial 

Operating voltage Voo range as described in Section 19.1 
Parameter 

No. ~m Characteristic Min ~t Max Uni~ Conditions 

D110 
D111 

D112 
D113 

D114 

t 

:j: 

Internal Program Memory 
Programming Specs (Note 4) 

Vpp Voltage on ~PP pin 12.5 - 13.5 v Note5 
Vddp Supply voltage during program 4.75 5.0 5.25 v 

ming 
lpp Current into MCLRIVPP pin - 25 :j: 50:j: mA 
lddp Supply current during program- - - 30:j: mA 

ming 
Tprog Programming pulse width 10 100 1000 µs Terminated via intemaVextemal 

interrupt or a reset 
These parameters are characterized but not tested. 
Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. 
These parameters are for design guidance only and are not tested, nor characterized. 

tt 
Note 1: 

Design guidance to attain the AC timing specifications. These loads are not tested. 
In RC oscillator configuration, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that the 
PIC17CXX devices be driven with external clock in RC mode. 

2: The leakage current on the ~ 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: These specifications are for the programming of the on-chip program memory EPROM through the use of the 

table write instructions. The complete programming specifications can be found in: PIC17CXX Programming 
Specifications (Literature number DS30139). 

5: The ~PP pin may be kept in this range at times other than programming, but is not recommended. 
6: For TTL buffers, the better of the two specifications may be used. 
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19.4 Timing Parameter Symbology 

The timing parameter symbols have been created following one of the following formats: 

1. TppS2ppS 

2.TppS 

Frequency 

Lowercase symbols (pp) and their meanings: 

pp 
ad Address/Data 

al ALE 

cc Capture1 and Capture2 

ck CLKOUT or clock 

dt Data in 
in INT pin 

io 1/0 port 

me Mcrn 
oe OE 

os OSC1 
Uppercase symbols and their meanings: 

s 
D Driven 

E Edge 

F Fall 
H High 

I Invalid (Hi-impedance) 

DS30412A-page 2-996 

3. Tcc:ST (12C specifications only) 

4. Ts (12C specifications only) 

I T Time 

ost Oscillator Start-Up Timer 

pwrt Power-Up Timer 

rb PORTB 

rd 11[) 

rw ro5orWR 

to TOCKI 

t123 TCLK12 and TCLK3 

wdt Watchdog Timer 

wr WR 

L Low 
p Period 

R Rise 

v Valid 
z High Impedance 
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FIGURE 19-1: PARAMETER MEASUREMENT INFORMATION 

All timings are measure between high and low measurement points as indicated in the figures below. 

INPUT LEVEL CONDITIONS 
PORTC, D and E pins x:= x V- VIH = 2.4V 

--~ ·-----' ,__ _____ _,(\..__ VIL= 0.4V ... 
' Data in valid 

All other input pins 

.. : : 
-::

Data in Invalid 

X X v- VIH=0.9Voo 

---~. '--· _____ __,. ,__. _____ __,(\..__ V1L = 0.1 Voo 

Data in valid 

-::
Data in Invalid 

OUTPUT LEVEL CONDITIONS 

~ 

Data out invalid 

\t,- - - - - - - -~ 0.9 Voo V-
0.1 Voo~ - - - - - - - - ~-------(\..__ 
~ ~Rise Time ~ ~Fall Time 

LOAD CONDITIONS 

Load Condition 1 

50:>CLs;100pF 
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19.5 Timing Diagrams and Specifications 

FIGURE 19-2: EXTERNAL CLOCKTIMING 

04 01 02 03 04 01 

OSC1 

-·1---: 4_..., ........ --4 .. , 
2 

OSC2t 

t In EC and RC modes only. 

TABLE 19-2: EXTERNAL CLOCK TIMING REQUIREMENTS 

Parameter 
No. Sym Characteristic Min Typt Max Units Conditions 

Fosc External CLKIN Frequency DC - 8 MHz EC osc mode - PIC17LC43/44-08 

(Note 1) DC - 16 MHz • PIC17C43/44-16 
DC - 25 MHz - PIC17C43/44-25 

Oscillator Frequency DC - 4 MHz RCoscmode 
(Note 1) 1 - 8 MHz XT osc mode - PIC17LC43/44-08 

1 - 16 MHz - PIC17C43/44-16 
1 - 25 MHz - PIC17C43/44-25 

DC - 2 MHz LF osc mode 

1 Tosc External CLKIN Period 125 - - ns EC osc mode - PIC17LC43/44-08 
(Note 1) 62.5 - - ns - PIC17C43/44-16 

40 - - ns - PIC17C43/44-25 

Osc111ator Period 250 - - ns RCoscmode 
(Note 1) 125 - 1,000 ns XT osc mode - PIC17LC43/44·08 

62.5 - 1,000 ns - PIC17C43/44-16 
40 - 1,000 ns - PIC17C43/44-25 
500 - - ns LF osc mode 

2 Tcv Instruction Cycle Time (Note 1) 160 4/Fosc DC ns 

3 TosL, Clock in (OSC1) high or low time 10t - - ns EC oscillator 
TosH 

4 TosR, Clock in (OSC1) rise or fall time - - St ns EC oscillator 
TosF 

t Data 1n "Typ" column 1s at 5V, 25'C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 

t These parameters are for design guidance only and are not tested, nor characterized. 
Note 1: Instruction cycle period (Tcv) 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 expected current con
sumption. All devices are tested to operate at "min." values with an external clock applied to the OSC1/CLKIN pin. 
When an external clock input is used, the "max." cycle time limlt is "DC" (no clock) for all devices. 
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FIGURE 19-3: CLKOUT AND l/OTIMING 
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TABLE 19-3: CLKOUT AND l/OTIMING REQUIREMENTS 

Parameter 
No. Sym Characteristic Min 

10 TosH2ckL OSC1.J. to CLKOUT.J. -
11 TosH2ckH OSC1.J. to CLKOUTt -
12 TckR CLKOUT rise time -
13 TckF CLKOUTfall time -
14 TckH2ioV CLKOUT i to Port out valid -

02 

15 TioV2ckH Port in valid before CLKOUTt 17C43/44 0.25 Tcv+25 :j: 
17LC43/44 0.25 TcY+50 :j: 

16 TckH2iol Port in hold after CLKOUTt O:j: 

17 TosH2ioV OSC1.J. (01 cycle) to Port out valid -
18 TosH2iol OSC1.J. (02 cycle) to Port input invalid O:j: 

(1/0 in hold time) 

19 TioV2osH Port input valid to OSC1 .J, 30 :j: 
(1/0 in setup time) 

20 TioR Port output rise time -
21 TioF Port output fall time -
22 TinHL INT pin high or low time 25. 

23 TrbHL RB<7:0> change INT high or low time 25. 

These parameters are characterized but not tested. 

PIC17C4X 

03 

-: -12 

--.:..-16 

new value 

Typt Max Units Conditions 

15:j: 30:j: ns Note 1 

15 :j: 30:j: ns Note 1 

5:j: 15:j: ns Note 1 

5:j: 15 :j: ns Note 1 

- 0.5 TCY+20 :j: ns Note 1 

- - ns Note 1 
- - ns Note 1 

- - ns Note 1 

- 100:j: ns 

- - ns 

- - ns 

10 :j: 35:j: ns 

10:j: 35:j: ns 

- - 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. 

:j: These parameters are for design guidance only and are not tested, nor characterized. 
Note 1: Measurements are taken in EC Mode where CLKOUT output is 4 x Tosc. 
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FIGURE 19-4: RESET, WATCHDOG TIMER, OSCILLATOR START-UPTIMER AND POWER-UP 
TIMER TIMING 
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TABLE 19-4: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP 
TIMER REQUIREMENTS 

Parameter 
No. Sym Characteristic Min Ty pt Max Units Conditions 

30 Tmcl fi.1CCTf Pulse Width (low) 100. - - ns Voo =5V 

31 Twdt Watchdog Timer Timeout Period 5• 12 25. ms VDD=5V 
(Prescale = 1) 

32 Tost Oscillation Start-Up Timer Period 1024 Tosc § ms Tosc = OSC1 period 

33 Tpwrt Power-Up Timer Period 40. 96 200· ms VDD=5V 

35 Tmcl2adl fi.1CCTf to System Interface bus - - 100. ns 
(AD<15:0>) invalid 

These parameters are characterized but not tested. 
t Data in "Typ" column is at SV, 25°C unless otherwise stated. These parameters are for design guidance only and are not 

tested. 
:t: These parameters are for design guidance only and are not tested, nor characterized. 
§ This specification guaranteed by design. 

DS30412A-page 2-1000 Preliminary © 1995 Microchip Technology Inc. 



PIC17C4X 

FIGURE 19-5: TIMERO CLOCK TIMINGS 

\'-----_/ 
'' 

·- 40 -: :- 41--'. 

42 -------

TABLE 19-5: TIMERO CLOCK REQUIREMENTS 

Parametar 
No. Sym Characteristic Min Ty pt Max Unhs Condhlons 

40 TtOH TOCKI High Pulse Width No Prescaler 0.5 Tcv+20 § - - ns 

With Prescaler 10· - - ns 
41 TtOL TOCKI Low Pulse Width No Prescaler 0.5Tcv+ 20 § - - ns 

With Prescaler 10· - - ns 

42 TtOP TOCKI Period ~§ - - ns N = prescale value 
N (1, 2, 4, .... 256) . 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. 

§ This specification guaranteed by design. 

FIGURE 19-6: TIMER1, TIMER2, AND TIMER3 CLOCK TIMINGS 

TCLK12 
or 
TCLK3 

____,/ 
:- 45-: ;+- 46 __...; 

47-------
48----...; 

-------- 48 -----~~ 

TM Rx ><= 
TABLE 19-6: TIMER1, TIMER2, AND TIMER3 CLOCK REQUIREMENTS 

Parameter Typ 
No. Sym Characteristic Min t Max Unhs Condhlons 

45 Tt123H TCLK12 and TCLK3 high time 0.5 Tcv+20 § - - ns 

46 Tt123L TCLK12 and TCLK3 low time 0.5 Tcv+20 § - - ns 
47 Tt123P TCLK12 and TCLK3 input period ~§ - - ns N • prescale value 

N (1, 2,4, 8) 

48 TckE2tmrl Delay from selected External Clock Edge to 2Tosc§ 6Tosc§ 
Timer increment 

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. 
§ This specification guaranteed by design. 
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FIGURE 19-7: CAPTURE TIMINGS 

CAP1 
andCAP2 

(Capture Mode) \ I \_ 
:-.-so-: '.-s1-: 
--------52-----.... 

TABLE 19.7: CAPTURE REQUIREMENTS 

Parameter 
No. Sym Characteristic Min Typt Max Units Conditions 

50 Teel Capture1 and Capture2 input low time 10. - - ns 

51 TccH Capture1 and Capture2 input high time 10. - - ns 

52 TccP Capture 1 and Capture2 input period 2.ill§ - - ns N = prescale value 
N (4or16) 

These parameters are characterized but not tested. 
t Data in "Typ" column is at SV, 25°C unless otherwise stated. These parameters are for design guidance only and are not 

tested. 
§ This specification guaranteed by design. 

FIGURE 19-8: PWM TIMINGS 

PWM1 I \ and PWM2 
(PWMMode) 

53 _.,.., .... :-- 54 

TABLE 19-8: PWM REQUIREMENTS 

Parameter 
No. Sym Characteristic Min Typt Max Units Conditions 

53 TccR PWM1 and PWM2 output rise time - 10. 35 *§ ns 

54 TccF PWM1 and PWM2 output fall time - 10. 35*§ ns 

These parame1ers are characterized but not tested. 
t Data in "Typ" column is at SV, 25"C unless otherwise stated. These parameters are for design guidance only and are not 

tested. 
§ This specification guaranteed by design. 
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FIGURE 19-9: SCI MODULE: SYNCHRONOUS TRANSMISSION (MASTER/SLAVE) TIMING 

RASfTX/CK -----'T" 

pin -: :- 121 -: :- 121 

RA4/RX/DT 
pin -----~~ ~~-------------~.......__ ________ _ 

-· :- 120 122-: ·-

TABLE 19-9: SERIAL PORT SYNCHRONOUS TRANSMISSION REQUIREMENTS 

Parameter 
No. Sym Characteristic Min Typt Max Units Conditions 

120 TckH2dtV 5Yl\IQ ~MII (M&!IEB & 5l.8llEl 

Clock high to data out valid 17C43/44 - - 50 ns 

17LC43/44 - - 75 ns 

121 TckRF Clock out rise time and fall time 17C43/44 - - 25 ns 
(Master Mode) 17LC43/44 - - 40 ns 

122 TdtRF Data out rise time and fall time 17C43/44 - - 25 ns 

17LC43/44 - - 40 ns 

t Data 1n "Typ" column 1s at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 

FIGURE 19-10: SCI MODULE: SYNCHRONOUS RECEIVE (MASTER/SLAVE) TIMING 

RASfTX/CK ---~ 
pin 125 

RA4/RX/DT -----~ 4:-~---~~·--------..--,:..r----------
pin _____ __; "'~--~--------- ~--------

---- 126 ----ti .. 

TABLE 19-10: SERIAL PORT SYNCHRONOUS RECEIVE REQUIREMENTS 

Parameter 
No. Sym Characteristic Min Typt Max Units Conditions 

125 TdtV2ckL SYl\IC BQll (M85IEB & 5L8llEl 15 - - ns 
Data hold before CK.J. (DT hold time) 

126 Tckl2dtl Data hold after CK.I. (DT hold time) 15 - - 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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FIGURE 19-11: MEMORY INTERFACE WRITE TIMING (NOT SUPPORTED IN PIC17LC4X DEVICES) 
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TABLE 19-11: MEMORY INTERFACE WRITE REQUIREMENTS (NOT SUPPORTED IN PIC17LC4X 
DEVICES) 

Parameter 
No. Sym Characteristic Min Typt Max Units Conditions 

150 TadV2alL AD<15:0> (address) valid to ALEJ. 0.25 Tcy-30 - - ns 
(address setup time) 

151 TalL2adl ALEJ. to address out invalid 0 - - ns 
(address hold time) 

152 TadV2wrL Data out valid to WRJ. 0.25 Tcy-40 - - ns 
(data setup time) 

153 TwrH2adl WRi to data out invalid - 0.25 Tcv§ - ns 
(data hold time) 

154 TwrL WR pulse width - 0.25 Tcv § - 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. 
§ This specification guaranteed by design. 
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FIGURE 19-12: MEMORY INTERFACE READ TIMING (NOT SUPPORTED IN PIC17LC4X DEVICES) 
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TABLE 19-12: MEMORY INTERFACE READ REQUIREMENTS (NOT SUPPORTED IN PIC17LC4X 
DEVICES) 

Parameter 
No. Sym Characteristic Min Ty pt Max Units Conditions 

150 TadV2alL AD<15:0> (address) valid to ALEJ. 0.25 Tcy-30 - - ns 
(address setup time) 

151 Tall2adl ALEJ. to address out invalid 0 - - ns 
(address hold time) 

160 TadZ2oeL AD<15:0> hi-impedance to "tJI;:J. 10 - - ns 

161 ToeH2adD OEi to AD<15:0> driven 0.25 Tcy-15 - - ns 

162 TadV2oeH Data in valid before "(J!;'.j 35 - - ns 
(data setup time) 

163 ToeH2adl OEito data in invalid (data hold time) 0 - - ns 

164 TalH ALE pulse width - 0.25 TCY § - ns 

165 Toal "(JI;: pulse width 0.5 Tcy-35 § - - ns 

166 TalH2alH ALEi to ALEi(cycle time) - TcY§ - ns 

167 Tacc Address access time - - 0.75 Tcv-30 ns 

168 Toe Output enable access time - - 0.5 Tcv-45 ns 
(OE low to Data Valid) 

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. 
§ This spec~ication guaranteed by design. 
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NOTES: 
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20.0 PIC17C43 AND PIC17C44 DC AND AC CHARACTERISTICS 
The graphs and tables provided in this section are for design guidance and are not tested nor guaranteed. In some 
graphs or tables the data presented is outside specified operating range (e.g. outside specified Ibo 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 summary 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 + 3::!) and (mean - 3cr) 
respectively where cr is standard deviation. 

TABLE 20-1: PIN CAPACITANCE PER PACKAGE TYPE 

Pin Name 
Typical Capacitance (pF) 

40-pin DIP 44-pin PLCC 44-pin MQFP 44-pinTQFP 

All pins, except~. 10 10 10 10 
Voo, and Vss 

MCLR pin 20 20 20 20 

FIGURE 20-1: TYPICAL RC OSCILLATOR FREQUENCY vs. TEMPERATURE 

Fosc Frequency normalized to +25°C 
Fosc (25°C) 
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FIGURE 20-2: TYPICAL RC OSCILLATOR FREQUENCY vs. Voo 
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FIGURE 20-3: TYPICAL RC OSCILLATOR FREQUENCY vs. Voo 
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FIGURE 2D-4: TYPICAL RC OSCILLATOR FREQUENCY vs. VDD 
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TABLE 20-2: RC OSCILLATOR FREQUENCIES 

Cext Rext 
Average 

Fosc @ 5V, 25°C 

22pF 10k 3.33MHz ±12% 
100k 353 kHz ±13% 

100pF 3.3k 3.54MHz ±10% 
5.1k 2.43MHz ±14% 
10k 1.30 MHz ±17% 

100k 129 kHz ±10% 
300pF 3.3k 1.54 MHz ±14% 

5.1k 980 kHz ±12% 

10k 564 kHz ±16% 

160k 35kHz ±18% 
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FIGURE 20-5: TRANSCONDUCTANCE (gm) OF LF OSCILLATOR vs. Voo 
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FIGURE 20-6: TRANSCONDUCTANCE (gm) OF XT OSCILLATOR vs. Voo 
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FIGURE 20-7: TYPICAL loo vs. FREQUENCY (EXTERNAL CLOCK 25°C) 
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FIGURE 20-8: MAXIMUM loo vs. FREQUENCY {EXTERNAL CLOCK 125°C TO -40°C) 
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FIGURE 20-9: TYPICAL IPD vs. Voo WATCHDOG DISABLED 25°C 
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FIGURE 20-10: MAXIMUM IPD vs. VooWATCHDOG DISABLED 
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FIGURE 20-11: TYPICAL IPD vs. Voo WATCHDOG ENABLED 25°C 
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FIGURE 20-13: WOT TIMER TIME-OUT PERIOD vs. Voo 
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FIGURE 20-14: IOH vs. VOH, Voo = 3V 
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FIGURE 20-15: IOH vs. VoH, VDD = SV 
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FIGURE 20-16: IOL vs. VOL, VDD = 3V 
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FIGURE 20-17: IOL vs. VOL, VDD = SV 
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FIGURE 20-18: VTH (INPUTTHRESHOLDVOLTAGE) OF VO PINS (TTL) vs. Voo 
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FIGURE 20-19: VTH, VIL of 1/0 PINS (SCHMITTlRIGGER) vs. VDD 
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FIGURE 20-20: VTH (INPUTTHRESHOLDVOLTAGE) OF OSC1 INPUT 
(IN XT AND LF MODES) vs. VDD 
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21.0 PACKAGING INFORMATION 

For package dimensions, 
please refer to the packaging section of the Data Book 
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21.1 Package Marking Information 

40-Lead PDIP 

xxxxxxxxxxxxxxxxxx 
t xxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxx 

/:ft\. AABBCDE 
Q • ~' MICROCHIP 

40 Lead CERDIP Windowed 

0 

xxxxxxxxxxx 
/:ft\. 0 xxxxxxxxxxx 
·~' xxxxxxxxxxx 

..........,_ AABBCDE 

44-Lead PLCC 

~ 
MlcRocHIP 

xxxxxxxxxx 
0 xxxxxxxxxx 

xxxxxxxxxx 
AABBCDE 

44-Lead MQFP 

~ 
xxxxxxxxxx 
xxxxxxxxxx 
xxxxxxxxxx 

0 AABBCDE 

Example 

PIC17C43-251/P 
L006 

t /:ft\. 9441 CCA 
Q ·~' MICROCHIP 

Example 

PIC17C44 
/:ft\. 0 /JW 
·~· L184 

.........,._ 9444CCT 

Example 

~ 
MICROCHIP 

PIC17C42 
0 -161/L 

L013 
9445CCN 

Example 

~ 
PIC17C44 
-25/PT 
L247 

0 9450CAT 

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

Microchip part number information 
Customer specific information• 

AA 
BB 
c 

D 
E 

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., 
S =Tempe, 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 cannot 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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APPENDIX A: :MODIFICATIONS 
The following is the list of modifications over the 
PIC16CXX microcontroller family: 

1. Instruction word length is increased to 16-bit. 
This allows larger page sizes both in program 
memory (8 Kwords verses 2 Kwords) and regis
ter file (256 bytes versus 128 bytes). 

2. Four modes of operation: microcontroller, pro
tected microcontroller, extended microcontroller, 
and microprocessor. 

3. 22 new instructions. 
The MOVF, TRIS and OPTION instructions have 
been removed. 

4. 4 new instructions for transferring data between 
data memory and program memory. This can be 
used to "self program" the EPROM program 
memory. 

5. Single cycle data memory to data memory trans
fers possible (MOVPF and MOVFP instructions). 
These instructions do not affect the Working reg
ister (WREG). 

6. W register (WREG) is now directly addressable. 
7. A PC high latch register (PCLATH) is extended 

to 8-bits. The PCLATCH register is now both 
readable and writable. 

8. Data memory paging is redefined slightly. 
9. DOR registers replaces function of TRIS regis

ters. 
10. Multiple Interrupt vectors added. This can 

decrease the latency for servicing the interrupt. 

11. Stack size is increased to 16 deep. 
12. BSR register for data memory paging. 
13. Wake up from SLEEP operates slightly differ

ently. 
14. The Oscillator Start-Up limer (OST) and 

Power-Up limer (PWRT) operate in parallel and 
not in series. 

15. PORTB interrupt on change feature works on all 
eight port pins. 

16. TMRO is 16-bit plus 8-bit prescaler. 

17. Second indirect addressing register added 
(FSR1 and FSR2). Configuration bits can select 
the FSR registers to auto-increment, auto-dec
rement, remain unchanged after an indirect 
address. 

18. Hardware multiplier added (8 x 8 -+ 16-bit) 
(PIC17C43 and PIC17C44 only). 

19. Peripheral modules operate slightly differently. 

20. Oscillator modes slightly redefined. 

21. Control/Status bits and registers have been 
placed in different registers and the control bit 
for globally enabling interrupts has inverse 
polarity. 

22. Addition of a test mode pin. 

23. In-circuit serial programming is not imple
mented. 

© 1995 Microchip Technology Inc. 
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APPENDIX B: COMPATIBILITY 
To convert code written for PIC16CXX to PIC17CXX, 
the user should take the following steps: 

1. Remove any TRIS and OPTION instructions, 
and implement the equivalent code. 

2. Separate the interrupt service routine into its 
four vectors. 

3. Replace: 
MOVF REGl, W 
with: 
MOVFP REGl, WREG 

4. Replace: 
MOVF REGl, w 
MOVWF REG2 
with: 
MOVPF REGl, REG2 ; Addr(REG1)<20h 
or 
MOVFP REGl, REG2 ; Addr(REG2)<20h 

5. Ensure that all bit names and register names are 
updated to new data memory map location. 

6. Verify data memory banking. 
7. Verify mode of operation for indirect addressing. 
8. Verify peripheral routines for compatibility. 
9. Weak pull-ups are enabled on reset. 

To convert code from the PIC17C42 to the PIC17C43 
or PIC17C44, the user should take the following steps. 

1. If the hardware multiply is to be used, ensure 
that any variables at address 18h and 19h are 
moved to another address. 

2. Ensure that the upper nibble of the BSR was not 
written with a non-zero value. This may cause 
unexpected operation since the RAM bank is no 
longerO. 

3. The disabling of global interrupts has been 
enhanced so there is no additional testing of the 
GUNTO bit after a BCF CPUSTA, GLINTD 
instruction. 
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APPENDIX C: WHAT'S NEW 
The conversion of this Data Sheet into the desktop pub
lishing software package, The structure of the docu
ment has been made consistent with other data sheets. 
This ensures that important topics are covered across 
all PIC16/17 families. Here is an overview of new fea
tures: 

• Data Sheet Structure I Outline 
• Section on Table Reads and Table Writes 
• Characterization results of the PIC17C42 
• Hardware multiplier description 
• New devices 
• Three new instructions (PIC17C43 and PIC17C44 

only) 
• New electrical specification format 
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APPENDIX D: WHAT'S CHANGED 
To make software more portable across the different 
PIC16/17 families, the name of several registers and 
control bits have been changed. This allows control bits 
that have the same function, to have the same name 
(regardless of processor family). Care must still be 
taken, since they may not be at the same special func
tion register address. The following shows the register 
and bit names that have been changed: 

TABLE 21-1: REGISTER NAME CHANGES 

OLD NAME NEW NAME 
w WREG 
RTCSTA TOSTA 

TABLE 21-2: BIT NAME CHANGES 

OLD NAME NEW NAME 
PEIR PEIF 
RTXIR TOCKIF 
TOIR TOIF 
IRB RBIF 
TM31R TMR31F 
TM21R TMR21F 
TM11R TMR11F 
CA21R CA21F 
CA11R CA11F 
TBMT TXIF 
RBFL RCIF 
INTIR INTF 
IEB RBIE 
RTXIE TOCKIE 
TIC TOCS 
RTPS<3:0> PS<3:0> 
TMR1C TMR1CS 
TMR2C TMR2CS 
TMR3C TMR3CS 
16/8 T16 
mm R"SJ5U 
RTEDG TOSE 
FPPM<1:0> PM<1:0> 
FWDT<1:0> WDTPS<1:0> 

• BSR register operation 
• Instruction set descriptions have examples 
• liming specifications have been numbered 
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1PIC16C61 20 I 1K I - I 36 I - ITMRO 1-1 - I - I - I - I - I 3 I 13 I 3.0-6.0 I - 118-pin DIP, 18-pin SOIC 

PIC16C62• 20 I 2K I - I 128 I - ITMRO, I 2 I SPl/12C I - I - I - I - I 10 I 22 I 2.5-6.0 I - 128-pin SDIP, 28-pin SOIC 

PIC16C63• 20 4K 

PIC16C64 20 2K 

PIC16C65 20 4K 

PIC16C620•1 20 512' -

PIC16C621"1 20 1K 

PIC16C622 I 20 2K 

PIC16C71 I 20 1K 

PIC16C73 I 20 4K 

PIC16C74 I 20 4K 

PIC16C84 I 10 1K 

192 

128 

192 

80 

80 

128 

36 

192 

192 

36 

TMR1, TMR2 

- •TMRO, 
TMR1, TMR2 

- •TMRO, 
TMR1, TMR2 

- •TMRO, 
TMR1, TMR2 

- •TMRO 

- •TMRO 

- •TMRO 

- •TMRO 

- •TMRO, 
TMR1, TMR2 

- •TMRO, 
TMR1, TMR2 

64 ITMRO 

2 ISPl/12C/' -
SCI 

1 I SPl/12C I Yes 

2 I SPl/12Ctl Yes 
SCI 

2 ISPl/12C/' -
SCI 

2 ISPl/12C/I Yes 
SCI 

• 'Please contact your local sales office for availability of these devices. 

10 22 3.0-6.0 - ,28-pin SDIP, 28-pin SOIC 

8 33 3.0-6.0 - ,40-pin DIP, 44-pin PLCC, 44-pin QFP 

11 33 3.0-6.0 - ,40-pin DIP, 44-pin PLCC, 44-pin OFP 

2 Yes 4 13 3.0-6.0 Yes I 18-pin DIP, 18-pin SOIC, 20-pin SSOP 

2 Yes 4 13 3.0-6.0 Yes 118-pinDIP, 18-pinSOIC,20-pinSSOP 

2 Yes 4 13 3.0-6.0 Yes I 18-pin DIP, 18-pin SOIC, 20-pin SSOP 

4ch 4 13 3.0-6.0 - , 18-pin DIP, 18-pin SOIC 

Sch 11 22 3.0-6.0 - ,28-pin SDIP, 28-pin SOIC 

Sch 12 33 3.0-6.0 - ,40-pin DIP, 44-pin PLCC, 44-pin OFP 

4 13 2.0-6.0 - ,18-pinDIP,18-pinSOIC 

Note 1: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high 1/0 current capability. 
2: The PIC16CXX Timer1 has its own oscillator circuit and can operate asynchronously to the device. Timer1 can increment while the device is in SLEEP mode. 

This allows a Real Time Clock to be implemented. 
3: PORTS has software-configurable weak pull-ups. 
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PIC16C54 20 512 - 25 TMRO 12 2.5-6.25 33 18-pin DIP, 18-pin SOIC, 20 pin SSOP 

PIC16C54A 20 512 - 25 TMRO 12 2.5-6.25 33 18-pin DIP, 18-pin SOIC, 20 pin SSOP 

PIC16CR54 20 - 512 25 TMRO 12 2.0-6.25 33 18-pin DIP, 18-pin SOIC, 20 pin SSOP 

PIC16C55 20 512 - 25 TMRO 20 2.5-6.25 33 28-pin DIP, 28-pin SOIC, 28 pin SSOP 

PIC16C56 20 1 K - 25 TMRO 12 2.5-6.25 33 18-pin DIP, 18-pin SOIC, 20-pin SSOP 

PIC16C57 20 2K - 72 TMRO 20 2.5-6.25 33 28-pin DIP, 28-pin SOIC, 28 pin SSOP 

PIC16CR57A 20 - 2K 72 TMRO 20 2.0-6.25 33 28-pin DIP, 28-pin SOIC, 28 pin SSOP 

PIC16C58A 20 2K - 73 TMRO 12 2.5-6.25 33 18-pin DIP, 18-pin SOIC, 20 pin SSOP 

PIC16CR58A 20 - 2K 73 TMRO 12 2.0-6.25 33 18-pin DIP, 18-pin SOIC, 20 pin SSOP 

Note: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high 1/0 current 
capability. 
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E.1 Pin Compatibility 

Devices that have the same package type; and Voo, 
Vss, and J;iiCCTI pin locations, are said to be pin com
patible. This allows these different devices to operate in 
the same socket. Compatible devices may only 
requires minor software modification to allow proper 
operation in the application socket (ex., PIC16C56 and 
PIC16C61 devices). Not all devices in the same pack
age size are pin compatible; for example, the 
PIC16C62 is compatible with the PIC16C63, but notthe 
PIC16C55. 

Pin compatibility does not mean that the devices offer 
the same features. As an example, the PIC16C54 is 
pin compatible with the PIC16C71, but does not have 
an AID converter, weak pull-ups on PORTB, or inter
rupts. 

TABLE E-4: PIN COMPATIBILE DEVICES 

Pin Compatible Devices 

PIC16C61, 
PIC16C620, PIC16C621, PIC16C622, 
PIC16C71, PIC16C84, 
PIC16C54, PIC16C54A, PIC16CR54, 
PIC16C56, PIC16C58A, PIC16CR58A 

PIC16C62, PIC16C63, PIC16C73 

PIC16C55, PIC16C57, PIC16CR57A 

PIC17C42, PIC17C43, PIC17C44 

PIC16C64, PIC16C65, PIC16C74 

DS30412A-page 2-1026 

Package 

18 pin 

28 pin 

28 pin 

40 pin 

40 pin 
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APPENDIX F: ERRATA FOR 
PIC17C42 SILICON 

The PIC17C42 devices that you have received have 
the following anomalies. At present there is no intention 
for future revisions to the present PIC17C42 silicon. If 
these cause issues for the application, it is recom
mended that you select the PIC17C43 device. 

1. When the Oscillator Start-Up Timer (OST) is 
enabled (in LF or XT oscillaior modesj, any 
interrupt that wakes the processor may cause a 
WDT reset. This occurs when the WDT is 
greater than or equal to 50% time-out period 
when the SLEEP instruction is executed. This 
will not occur in either the EC or RC oscillator 
modes. 

Work-aroynds 

a) Always ensure that the CLRWDT instruction is 
executed before the WDT increments past 50% 
of the WDT period. This will keep the "false" 
WOT reset from occurring. 

b) When using the WOT as a normal timer (WDT 
disabled), ensure that the WDT is less than or 
equal to 50% time-out period when the SLEEP 
instruction is executed. This can be done by 
monitoring the TO bit for changing state from set 
to clear. Example 1 shows putting the PIC17C42 
to sleep. 

EXAMPLE F-1: PIC17C42 TO SLEEP 
BTFSS CPUSTA, TO TO = 0? 
CLRWDT YES, WDT = 0 

LOOP BTFSC CPUSTA, TO WDT rollover? 
GOTO LOOP NO, Wait 
SLEEP YES, goto Sleep 

2. When the clock source of nmer1 or nmer2 is 
selected to external clock, the overflow interrupt 
flag will be set twice, once when the timer equals 
the period, and again when the timer value is 
reset to Oh. If the latency to clear TMRxlF is 
greater than the time to the next clock pulse, no 
problems will be noticed. If the latency is less 
than the time to the next timer clock pulse, the 
interrupt will be serviced twice. 

Work-arounds 

a) Ensure that the timer has rolled over to Oh 
before clearing the flag bit. 

b) Clear the timer in software. Clearing the timer in 
software causes the period to be one count less 
than expected. 

© 1995 Microchip Technology Inc. 
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NOTES: 
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CONNECTING TO MICROCHIP BBS 

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 member
ship services, therefore you do not need CompuServe 
membership to join Microchip's BBS. 

There is no charge for connecting to the BBS, except 
for a toll charge to the CompuServe access number, 
where applicable. You do not need to be a Com
puServe member to take advantage of this connection 
(you never actually log in to CompuServe). 

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 
service allows multiple users at baud rates up to 14400 
bps. 

The following connect procedure applies in most loca
tions: 

1. Set your modem to 8 bit, No parity, and One stop 
(BN1). This is not the normal CompuServe set
ting which is 7E1. 

2. Dial your local CompuServe access number. 

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

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

5. Type MCHIPBBS, depress < ENTER.J > and 
you will be connected 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 9600-14400 baud connection. After the system 
responds with Host Name: , type 

NETWORK, depress < ENTER.J > 
and follow CompuServe's directions. 

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

It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip prod
uct. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our documentation 
can better serve you, please FAX your comments to the Technical Publications Manager at (602) 786-7578. 

Please list the following information, and use this outline to provide us with your comments about this Data Sheet. 

To: Technical Publications Manager Total Pages Sent __ _ 

RE: Reader Response 

From: Name ---------

Company 

Address -------------------------------
City I State! ZIP I Country-----------------------

Telephone: (,__ __ _, ____ _ FAX:( __ ) __ _ 

Application (optional): 

Would you like a reply? __ Y __ N 

Device: PIC17C4X Literature Number: DS30412A 

Questions: 

1. What are the best features of this document? 

2. How does this document meet your hardware and software development needs? 

3. Do you find the organization of this data sheet easy to follow? If not, why? 

4. What additions to the data sheet do you think would enhance the structure and subject? 

5. What deletions from the data sheet could be made without affecting the overall usefullness? 

6. Is there any incorrect or misleading information (what and where)? 

7. How would you improve this document? 

8. How would you improve our software, systems, and silicon products? 
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PIC17C4X Product Identification System 
To order or obtain information, e.g., on pricing or delivery refer to the factory or the listed sales office. 

~TN~~·q-· 
Examples 

OTP, SQTP, ROM Code \factory ~ecifie~ or a) PIC17C42 -16/P 
Special Requirements. Bank for TP an Commercial Temp., 
Windowed devices PDIP Package, 

Package: JW = Windowed CERDIP 16 MHz, 
p = PDIP (600 mil) normal Voo limits 
PQ = MQFP (Metric PQFP PIC17C42 only) 
PT = TQFP b) PIC17LC44 - 08/PT 
L = PLCC Commercial Temp., 

JTemperature - = 0°C to +70°C TQFP package, 

lRange: I = -40°C to +85°C 8MHz, 
extended Voo limits 

l~requency OB = 8MHz 
c) PIC17C43 - 251/P 

Range: 16 = 16 MHz 
25 = 25MHz Industrial Temp., I Device PIC17C44 :Standard Voo range PDIP package, 

PIC17C44T :~ape and Reel) 25 MHz, 
PIC17LC44 : xtended Voo range normal Voo limits 
PIC17LC44T :(Tape and Reel) 

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 (CompuServe membership NOT required). 
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. 

*Information contained in this publication regarding device applications and the like is intended by way of suggestion only. No representafon of warranty is given and no liability is assumed by Microchip 
Technology Inc. with respect to the accuracy or use of such information. Use of Microchip's products as critical components in life support systems is not authorized except with express written approval by 
Microchip. The Microchip logo and name are trademarks of Microchip Technology Incorporated. All rights reserved. All other trademarks mentioned herein are 1he property of their respective companies. 
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PIC16C84 

PIC17CXX 
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MICROCHIP PIC16C5X 
EPROM Memory Programming Specification 

This document includes the programming 
specifications for the following devices: 

• PIC16C54 • PIC16CR54 
• PIC16C54A • PIC16CR57A 
• PIC16C55 • PIC16CR58A 
• PIC16C56 
• PIC16C57 
• PIC16C58A 

INTRODUCTION 

Overview 

The PIC16C5X Series is a family of single-chip CMOS 
microcontrollers with on-chip EPROM for program stor
age. The programming specification also applies to 
ROM products for verification only. 

Due to the special architecture of these microcontrol
lers (12-bit wide instruction word) and the low pin 
counts (starting at 18 pins), the EPROM programming 
methodology is different from that of standard (byte
wide) EPROMs (e.g., 27C256). 

The PIC16C5X 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/VPP pin provides the programming 
supply voltage (VPP). Programming/verify chip enable 
is controlled by the TOCKI pin while the OSC1 pin con
trols 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 pro
gramming on the factory floor. 

PIN CONFIGURATIONS 

PDIP, SOIC, CERDIP Window 

..__RA1 
AA3.......,. 2 "U "U "U 17 .._...RAO 

TOCKI- 3 0 0 0 16 - OSC1/CLKIN 
MC[RNpp ---- 4 ; ~; 15 - OSC2/CLKOUT 

Vss-----+- 5 0 0 0 14 -4-VDD 

RBO..__ g: ~ U1 13 ..__RB? 
RB1...._. > ~ 12 -RBS 
RB2...._. 8 f: 11 -RBS 
RB3- 9 10 -RB4 

PDIP, SOIC, CERDIP Window 

..,__ 1'lCIJ'iNPP 

..,__ OSC1/CLKIN 
3 --+ OSC2/CLKOUT 

-RC? 
s -RCS 
6 "U "U -RCS 
7 ~ ~ -RC4 

"' "' .,.__._____.. RC3 
0 0 

"' "' -.RC2 ..... "' -.RC1 10 
11 -.Rco 
12 -.RB? 
13 -.RBS 
14 -.RBS 

PIN DESCRIPTIONS (DURING PROGRAMMING): PIC16C54/54A/56/58a, PIC16C55/57 

During Programming 

Pin Name Pin Name Pin Type Pin Description 

TOCK! PROG/VER I Program pulse input/verify pulse input 

RAO- RA3 DO-D3 1/0 Data input/output 

RBO- RB? 04 - 011 110 Data input/output 

OSC1 INCPC I Increment Program Counter input 

MCLRNPP VPP p Programming Power 

VDD Voo p Power Supply 

Vss Vss p Ground 

Legend: I = input, 0 =Output, P =Power 
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PIC16C5X 

1.0 PROGRAMNERIFY MODES 
The PIC16C5X Series uses the internal Program 
Counter (PC) to generate the EPROM address. VPP is 
supplied through the~ pin. 

The TOCKI pin acts as chip enable, alternating between 
programming and verifying. 

The OSC1 pin is used for incrementing the PC. 

Data is applied to, or can be read on PORTA and 
PORTB (MSB on RB?, LSB on RAO). 

The programming/verify mode is entered by raising the 
level on the MCCR pin from VIL to VHH (= VPP) while the 
TOCKI pin is held at VIH and the OSC1 pin is held at VIL. 

The Program Counter now has the value "OxFFF', 
because MCCTi was at VIL before. This condition 
selects the configuration word as the very first EPROM 
location to be accessed after entering the program/ver
ify mode. 

Since the liifC[R 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 "OxOOO" of the user program memory. 
Afterwards all other memory locations from 001 h 
through end of memory can be addressed by incre
menting the PC . 

If the Program Counter has reached the last address of 
the user memory area (e.g. "Ox1 FF' for the PIC16C54/ 
55), and is incremented again, the on-chip special 
EPROM area will be addressed. (See Figure 1-2 to 
determine where the special EPROM area is located for 
the various PIC16C5X devices). 

1.1 Program/Verify without PC Increment 

After entering the program/verify mode, pulsing the 
TOCKI pin LOW programs the data present on PORTA 
and PORTB into the memory location selected by the 
Program Counter. The duration of the TOCKI LOW time 
determines the length of the programming pulse. 

Pulsing the TOCKI pin LOW again without changing the 
signals on MCCR and OSC1 puts the contents of the 
selected memory location out on PORTA and PORTB 
for verification of a successful programming cycle. This 
verification pulse on TOCKI can be much shorter than 
the programming pulse. If the programming was not 
successful, TOCKI can be pulsed LOW again to apply 
another programming pulse, followed again by a 
shorter TOCKI LOW pulse for another verification cycle. 

This sequence can be repeated as many times as 
required until the programming is successful. 
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1.2 Verify with PC Increment 

II a verification cycle shows that programming was suc
cessful, the Program Counter can be incremented by 
keeping the TOCKI input at a HIGH level while pulsing 
the OSC1 input HIGH. When both TOCKI 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 
program/verify mode, is the configuration word. The 
next location is OOOh followed by 001 h and so on. The 
program memory location "N" can be reached by gen
erating "N + 1" falling edges on OSC1 . When OSC1 is 
brought HIGH again; the contents of address "N" are 
output on Ports A and Bas long as OSC1 stays HIGH. 

1.3 Programming/Verifying 
Configuration Word 

The configuration word is logically mapped at program 
memory location "OxFFF". The PC points to the config
uration word after l.ilCrn pin goes from LOW to VHH 
(HIGH). The configuration word can be programmed or 
verified using the techniques described in Section 1.1 
and Section 1.2. 

If PC is incremented, the next location it will point to is 
"OxOOO" in user memory. Incrementing PC 4096 times 
will not allow the user to point to the configuration word. 
The only WfJ:'/ to point to it again is to reset and re-enter 
program mode. 
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Programming Specification 

1.4 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. 

1.4.1 PROGRAMMING METHOD DETAILS 

Essentially, this technique includes the following steps: 

1. Perform blank check at VDD = VDD min. Report 
failure. The device may not be properly erased. 

2. Program location with pulses (10~s typically) 
and verify after each pulse at VDD = VDDP: 
where VDDP = Voo range required during pro
gramming (4.5V - 5.5V). 

a) Programming condition: 

VPP = 13.0V to 13.25V 

VDD = VDDP = 4.5V to 5.5V 

VPP must be ~ VDD + 7 .25V to keep "programming 
mode" active. 

b) Verify condition: 

VDD= VDDP 

VPP ~ VDD + 7 .5V but not to exceed 13.25V 

If location fails to program after "N" pulses, (sug
gested maximum program pulses of 25) then 
report error as a programming failure. 

3. Once location passes "Step 2", apply 3X over
programming, i.e., apply three times the number 
of pulses that were required to program the loca
tion. This will guarantee a solid programming 
margin. The overprogramming should be made 
"software programmable" for easy updates. 

4. Program all locations. 

5. Verify all locations (using speed verify mode) at 
VDD = VDD min. 

6. Verify all locations at VDD = VDD max. 

VDD min. is the minimum operating voltage spec. 
for the part. VDD max. is the maximum operating 
voltage spec. for the part. 

© 1995 Microchip Technology Inc. 

1.4.2 SYSTEM REQUIREMENTS 

Clearly, to implement this technique, the most stringent 
requirements will be that of the power supplies: 

VPP: VPP can be a fixed 13.0V to 13.25V supply. It 
must not exceed 14.0V to avoid damage to the pin and 
should be current limited to approximately 100mA. 

Voo: 2.0V to 6.5V with 0.25V granularity. Since this 
method calls for verification at different VDD values, a 
programmable VDD power supply is needed. 

Current Requirement: 40mA maximum 

Microchip may release PIC16C5Xs in the future with 
different VDD ranges which make it necessary to have 
a programmable VDD. 

It is important to verify an EPROM at the voltages spec
ified in this method to remain consistent with 
Microchip's test screening. For example, a PIC16C5X 

specified for 4.5V to 5.5V should be tested for proper 
programming from 4.5V to 5.5V. 

1.4.3 SOFTWARE REQUIREMENTS 

Certain parameters should be programmable (and 
therefore easily modified) for easy upgrade. 

a) Pulse width, current value 100µs. 

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. 

1.5 Programming Pulse Width 

Normal EPROM Cells: When programming one word 
of EPROM, a programming pulse width (TPw) of 1 OOµs 
is recommended. 

The maximum number of programming attempts 
should be limited to 25 per word. 

After the first successful verify, the same location 
should be over-programmed with 3X over-program
ming. 

Configuration Word: The configuration word for oscil
lator selection, WOT (watchdog timer) disable and code 
protection, requires a programming pulse width (TPWF) 
of 10ms. A series of 10~s pulses is preferred over a 
single 10ms pulse. 
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FIGURE 1-1: PROGRAMMING METHOD 

Increment PC to point to 
next location, N = O 
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Blank Check 
@ Voo = Voo min. 

Pass? 

Yes 

No 

Report Possible Erase Failure 
Continue Programming 

at user's option 

\Report Programming Failure \ 

Yes 

Program 1 Location No 
@ VPP= 13.0Vto 13.25V 1-----< 

VDD=VDDP 
N >25? 

No 

Yes 

Apply 3N additional 
program pulses 

All 
locations 

No done? 

Yes 

Verify all locations 
@ Voo = Voo min. 

No 
Pass? 

Yes 

Verify all locations 
@ Voo = Voo max. 

No 
Pass? 

Yes 

Now program 
Configuration Word 

N =N+1 
(N = # of program pulses) 

Report verify failure 
@ Voomin. 

Report verify failure 
@ Voomax. 

Vertty Configuration Word 
@ Voo max. & Voo min. 
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Programming Specification 

FIGURE 1-2: PIC16C5X SERIES PROGRAM MEMORY MAP IN PROGRAMNERIFY MODE 
Address 11 Bit Number 0 
(Hex)OOO c 

r---::: :=;] 
NNN 

User Program Memory 
(NNN + 1) x 12 bit 

TTT 0 0 IDO 

TTT+ 1 0 0 ID1 For Customer Use 

TIT+2 0 0 ID2 (4 x 4 bit usable) 

TTT+3 0 0 ID3 

K ~ 
For Factory Use 

TTT +3F 

(FFF) Configuration Word 4 bit 

NNN Highest normal EPROM memorJ address. NNN = Ox1 FF for PIC16C54, 54A, 55. 
NNN = Ox3FFfor PIC16C56 an Ox7FF tor PIC16C57, 58A. 

TTI Start address of special EPROM area and ID Locations. 

1.6 Special Memory Locations 

The ID Locations area is only enabled if the device is in 
a test or programming/verify mode. Thus, in normal 
operation mode only the memory location OxOOO to 
OxNNN will be accessed and the Program Counter will 
just roll over from address OxNNN to OxOOO when incre
mented. 

The configuration word can only be accessed immedi
ately after MCLR going from VIL to VHH. The Program 
Counter will be set to all '1 's upon 1iiiCCR = VIL. Thus, 
it has the value "OxFFP' when accessing the configura
tion EPROM. Incrementing the Program Counter once 
by pulsing OSC1 causes the Program Counter to roll 
over to all 'O's. Incrementing the Program Counter 4K 
times after reset (MCLR =VIL) does not allow access to 
the configuration EPROM. 

1.6.1 CUSTOMER ID CODE LOCATIONS 

Per definition, the first four words (address TTT to TTT 
+ 3) are reserved for customer use. It is recommended 
that the customer use only the four lower order bits (bits 
0 through 3) of each word and filling the eight higher 
order bits with 'O's. 

A user may want to store an identification code (ID) in 
the ID locations and still be able to read this code after 
the code protection bit was programmed. This is possi
ble if the ID code is only four bits long per memory loca
tion, is located in the least significant nibble boundary 
of the 12-bit word, and the remaining eight bits are all 
'O's. 

© 1995 Microchip Technology Inc. 

EXAMPLE 1-1: CUSTOMER CODE OxD1E2 

The Customer ID code "OxD1 E2" should be stored in 
the ID locations 200-203 like this: 

200: 0000 0000 1101 
201: 0000 0000 0001 
202: 0000 0000 1110 
203: 0000 0000 0010 

Reading these four memory locations, even with the 
code protection bit programmed would still output on 
Port A the bit sequence "1101", "0001'', "1110", "0010'' 
which is "OxD1 E2". 
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PIC16C5X 

2.0 CONFIGURATION WORD 
The configuration word is the very first memory location 
which is accessed after entering the program/verify 
mode of the PIC16C5X. It contains the two bits for the 
selection of the oscillator type, the watchdog timer 
enable bit, and the code protection bit. All other bits (4 
through 11) are read as '1's. 

One-Time-Programmable (OTP) devices may have the 
oscillator configuration bits "FOSCO" and "FOSC1" set 
by the factory and are tested accordingly. The pack-

FIGURE 2-1: CONFIGURATION WORD BIT MAP 

Bit Number: 11 10 9 8 7 6 

PIC16CR5BA CP CP CP CP CP CP 

ages are marked "PIC16C5XHS", "PIC16C5XXT', 
"PIC16C5XLP", or "PIC16C5XRC". Therefore, it is 
essential that the inputs RAO and RA1 are held at '1's 
when programming the "WDTE" and/or the "CP" bit of 
the configuration word. Otherwise, the factory tested 
and selected oscillator configuration could be overwrit
ten and the functionality of the device is not guaranteed 
any more. 

5 4 3 2 0 

CP CP CP WDTE FOSC1 FOSCO 
'----+---+---+----+---+----+-----<>----+----+---!----+--~ 

Other CP WDTE FOSC1 FOSCO 
PIC16C5X '----~--~--+---~--~--~--'----~--~--~-~--~ 

RB7 RBS RB5 RB4 RB3 RB2 RB1 RBO RA3 RA2 RA1 RAO 

TABLE 2-1: CONFIGURATION BIT FUNCTIONALITY {PIC16C54155/56/57/C54A/C58A/CR54/CR57 A) 

RA3-RA11 RA2 RA1 RAO 
CP WDTE FOSC1 FOSC2 

1 x x x 

0 x x x 

x 1 x x 

x 0 x x 

x x 1 1 
x x 1 0 
x x 0 1 
x x 0 0 

Legend: 1= Erased (apply HIGH Level to 110 pin during program) 
O =Written (apply LOW Level to 110 pin during program). 
x = Don't Care 
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Function Remarks 

Memory Unprotected Default 

Memory protected 

Watchdog Timer enabled Default 

Watchdog Timer disabled 

RC Oscillator Default 

HS - High Speed Crystal 

XT - Standard Crystal 

LP - Low Frequency Crystal 
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Programming Specification 

TABLE 2-2: CONFIGURATION WORD 

PIC16C54 (CP enable pattern: XXXXXXXXOXXX) 

Program Memory Segment RIW in Protected Mode RIW in Unprotected Mode 

Configuration Word (OxFFF) Read Scrambled, Write Enabled Read Unscrambled, Write Enabled 

ID Words [Ox200 : Ox203] Read Scrambled, Write Enabled Read Unscrambled, Write Enabled 

[Ox040 : Ox1 FF] Read Scrambled, Write Disabled Read Unscrambled, Write Enabled 

[OxOOO : Ox03F] Read Scrambled, Write Enabled Read Unscrambled, Write Enabled 

PIC16C54A (CP enable pattern: XXXXXXXXOXXX) 
·-'"· ----- -----~-·-------- .. --------

Program Memory Segment RIW in Protected Mode RIW in Unprotected Mode 

Configuration Word (OxFFF) Read Scrambled, Write Enabled Read Unscrambled, Write Enabled 

ID Words [Ox200 : Ox203] Read Scrambled, Write Enabled Read Unscrambled, Write Enabled 

[Ox040 : Ox1 FF] Read Scrambled, Write Disabled Read Unscrambled, Write Enabled 

[OxOOO : Ox03F] Read Scrambled, Write Enabled Read Unscrambled, Write Enabled 

PIC16CR54 (CP enable pattern: XXXXXXXXOXXX) 

Program Memory Segment RIW in Protected Mode RIW in Unprotected Mode 

Configuration Word (OxFFF) Read Scrambled Read Unscrambled 

ID Words [Ox200: Ox203] Read Scrambled Read Unscrambled 

[Ox040 : Ox1 FF] Read Scrambled Read Unscrambled 

[OxOOO : Ox03F] Read Scrambled Read Unscrambled 

PIC16C55 (CP enable pattern: XXXXXXXXOXXX) 

Program Memory Segment RIW in Protected Mode RIW in Unprotected Mode 

Configuration Word (OxFFF) Read Scrambled, Write Enabled Read Unscrambled, Write Enabled 

ID Words [Ox200 : Ox203] Read Scrambled, Write Enabled Read Unscrambled, Write Enabled 

[Ox040 : Ox1 FF] Read Scrambled, Write Disabled Read Unscrambled, Write Enabled 

[OxOOO : Ox03F] Read Scrambled, Write Enabled Read Unscrambled, Write Enabled 

PIC16C56 (CP enable pattern: XXXXXXXXOXXX) 

Program Memory Segment RIW in Protected Mode RIW in Unprotected Mode 

Configuration Word (OxFFF) Read Scrambled, Write Enabled Read Unscrambled, Write Enabled 

ID Words [Ox400: Ox403] Read Scrambled, Write Enabled Read Unscrambled, Write Enabled 

[Ox040 : Ox3FF] Read Scrambled, Write Disabled Read Unscrambled, Write Enabled 

[OxOOO : Ox03F] Read Scrambled, Write Enabled Read Unscrambled, Write Enabled 

PIC16C57 (CP enable pattern: XXXXXXXXOXXX) 

Program Memory Segment RIW in Protected Mode RIW in Unprotected Mode 

Configuration Word (OxFFF) Read Scrambled, Write Enabled Read Unscrambled, Write Enabled 

ID Words [Ox800 : Ox803] Read Scrambled, Write Enabled Read Unscrambled, Write Enabled 

[Ox040 : Ox7FF] Read Scrambled, Write Disabled Read Unscrambled, Write Enabled 

[OxOOO : Ox03F] Read Scrambled, Write Enabled Read Unscrambled, Write Enabled 

PIC16CR57A (CP enable pattern: XXXXXXXXOXXX) 

Program Memory Segment RIW in Protected Mode RIW in Unprotected Mode 

Configuration Word (OxFFF) Read Scrambled Read Unscrambled 

ID Words [Ox800 : Ox803] Read Scrambled Read Unscrambled 

[Ox040 : Ox7FF] Read Scrambled Read Unscrambled 

[OxOOO : Ox03F] Read Scrambled Read Unscrambled 
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PIC16C5X 

PIC16C58A (CP enable pattern: XXXXXXXXOXXX) 

Program Memory Segment RIW in Protected Mode RIW in Unprotected Mode 

Configuration Word (OxFFF) Read Scrambled, Write Enabled Read Unscrambled, Write Enabled 
ID Words [Ox800 : Ox803) Read Scrambled, Write Enabled Read Unscrambled, Write Enabled 

[Ox040 : Ox7FF] Read Scrambled, Write Disabled Read Unscrambled, Write Enabled 

(OxOOO : Ox03F) Read Scrambled, Write Enabled Read Unscrambled, Write Enabled 

PIC16CR58A (CP enable pattern: OOOOOOOOOXXX) 

Program Memory Segment RIW in Protected Mode RIW in Unprotected Mode 

Configuration Word (OxFFF) Read Unscrambled 

ID Words [Ox800 : Ox803) Read Unscrambled 

[Ox040 : Ox7FF] Read Disabled 

[OxOOO : Ox03F) Read Unscrambled 

Legend: X = Don't care 

2.1 Code Protection 

The program code written into the EPROM can be pro
tected by writing to the "CP" bit of the configuration 
word. All memory locations starting at Ox40 and above 
are protected against programming. It is still possible 
to program locations OxOO through Ox3F, the ID loca
tions, and the configuration word. 

2.1.1 PROGRAMMING LOCATIONS OxOOO TO 
Ox03F AFTER CODE PROTECTION 

In a code protected part, these locations will program 
with the exception of the PIC16CRXX devices. They will 
read back scrambled data, with the exception of 
PIC16CR54A and PIC16CR58A. In any event, the pro
grammer cannot verify the device once it is code pro
tected. 

In code protected parts, specifically PIC16C54/ C54A/ 
CR54/C55/C56/C57 devices, the contents of the pro
gram memory cannot be read out in a way that the pro
gram code can be reconstructed. A location when read 
out will read as: 0000 0000 xxxx where xxxx is the XOR 
of the three nibbles. 

For example, if the memory location contains OxC04 
(movlw 4), after code protection the output will be 
Ox008. 

In addition, all memory locations starting at Ox40 and 
above are protected against programming. It is still pos
sible to program locations OxOOO through Ox03F and 
the configuration word. However, performing a verify 
with activated code protection logic puts a 4-bit wide 
"checksum" on PORTA while the 8-bits of PORTB are 
read as 'O's. The checksum is computed as follows: 
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Read Unscrambled 

Read Unscrambled 

Read Unscrambled 

Read Unscrambled 

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 are affected. 

To program location OxOOO to Ox03F in a code protected 
part, the programmer should program one nibble at a 
time and verify the result through the XOR'ed output. 
For example, to program a location with OxA93, first 
program the location with OxFF3, verify checksum to be 
Ox003; then program the location with OxF93 and verify 
the XOR'ed output to be OxOOC and finally program the 
location with OxA93 and verify the read-out to be Ox006. 

2.2 CHECKSUM COMPUTATION 

2.2.1 CHECKSUM 

Checksum is calculated by reading the contents of the 
PIC16C5X memory locations and adding up the 
opcodes up to the maximum user addressable location, 
e.g., Ox1 FF for the PIC16C54/55. Any carry bits 
exceeding 16-bits are neglected. Finally, the configura
tion word (appropriately masked) is added to the check
sum. Checksum computation for each member of the 
PIC16C5X devices is shown in Table 2-3. 
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Programming Specification 

TABLE 2-3: CHECKSUM COMPUTATION 

Blank 
Ox723at0 

Device Code Protect Checksum• 
Value 

and max 
address 

PIC16C54 OFF SUM[OxOOO:Ox1 FF] + CFGW & OxFFF OxODFF OxFC47 
ON SUM_XOR4[0xOOO:Ox1 FF]+ CFGW & OxOOF Ox1E07 Ox1DF5 

PIC16C54A OFF SUM[OxOOO:Ox1 FF] + CFGW & OxFFF OxODFF OxFC47 
ON SUM_XOR4[0xOOO:Ox1 FF] + CFGW & OxOOF Ox1E07 Ox1DF5 

PIC16CR54 OFF SUM[OxOOO:Ox1 FF] + CFGW & OxFFF OxODFF -
ON SUM_XOR4[0xOOO:Ox1FF] + CFGW & OxOOF Ox1E07 -

PIC16C55 OFF SUM[OxOOO:Ox1 FF]+ CFGW & OxFFF OxODFF OxFC47 
ON SUM_XOR4[0xOOO:Ox1 FF]+ CFGW & OxOOF Ox1E07 Ox1DF5 

PIC16C56 OFF SUM[OxOOO:Ox3FF] + CFGW & OxFFF OxOBFF OxFA47 
ON SUM_XOR4[0xOOO:Ox3FF] + CFGW & OxOOF Ox3C07 Ox3BF5 

PIC16C57 OFF SUM[OxOOO:Ox7FF] + CFGW & OxFFF Ox07FF OxF647 
ON SUM_XOR4[0xOOO:Ox7FF] + CFGW & OxOOF Ox7807 Ox77F5 

PIC16CR57A OFF SUM[OxOOO:Ox7FF] + CFGW & OxFFF Ox07FF -
ON SUM_XOR4[0xOOO:Ox7FF] + CFGW & OxOOF Ox7807 -

PIC16C58A OFF SUM[OxOOO:Ox7FF] + CFGW & OxFFF Ox07FF OxF647 
ON SUM_XOR4[0xOOO:Ox7FF] + CFGW & OxOOF Ox7807 Ox77F5 

PIC16CR58A OFF SUM[OxOOO:Ox7FF] + CFGW & OxFFF Ox07FF -
ON SUM[OxOOO:Ox3F] + CFGW & OxFFF + SUM_ID OxBOOE -

Legend: CFGW = Configuration Word 
SUM[a:b] = Sum of locations a through b Inclusive 
SUM_XOR4[a:b] = XOR of the four high order bits with the four middle and the four low of memory location order bits 

summed C111er the locations a through b inclusive. For example, location_a = Ox123 and 
location_b = Ox456, then SUM_XOR [location_a: location_b] = Ox0007. 

SUM_ID = ID locations masked by OxF then made Into a 16-blt value with IDO as the most significant nibble. 
For example, 100 = Ox1, 101=Ox2,103 = Ox3, 104 = Ox4, then SUM_ID = Ox1234. 

*Checksum = Sum of all individual expressions modulo [OxFFFF] 
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PIC16C5X 

3.0 PIC16C5X HEX DATA 
FORMATS 

MPASM assembler is capable of outputting several dif
ferent object file formats, suitable for a variety of pro
grammers. A PIC16CSX programmer must be able to 
accept and send data in one of the following lonnats: 8-
bit Split Format (.HXU.HXH) and lnte~ HEX Format 
(.HEX). The 8-bit merged (INHX8M) format is preferred. 

3.1 8-bit Split Format (.HXLJ.HXH) 

The lntellecT" split 8-bit file fonnat produces two output 
files: .HXL and .HXH. The formal is the same as the 
normal 8-bit format, except that the low bytes of the 
data word are stored in the .HXL file, and the high bytes 
of the data word are stored in the .HXH file. 

EXAMPLE 3-1: 

<FILENAME>. HXL: 

:OAOOOOOOOOOOOOOOOOOOOOOOOOOOF6 
:OA00000000000000000000000000F6 
:1000190000284068A8E8C82868A989EA28086ABFAA 
:10002900EOE82868BFE8C8080808034303E8E8FFDO 
:03003900FFFF19AD 
:OOOOOOOlFF 

EXAMPLE 3-2: 

<FILENAME>. HXH: 

:OAOOOOOOOOOOOOOOOOOOOOOOOOOOF6 
:OAOOOOOOOOOOOOOOOOOOOOOOOOOOF6 
:1000190000000000000000010101010102020202CA 
:100029000202030303030304040404050607070883 
:0300390008080AAA 
:OOOOOOOlFF 

3.2 Intel HEX Format (.HEX) 

This format produces one 8-bit HEX file with a low byte, 
high byte combination. Since each address can only 
contain 8 bits in this format, all addresses are doubled. 
This format is useful for transferring PIC16CSX series 
object code to third party EPROM programmers. 
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EXAMPLE 3-3: 
<FILENAME>. HEX 

:0400100000000000EC 
:lOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOFO 
:0400100000000000EC 
:100032000000280040006800ABOOE800C80028016D 
:100042006801A9018901EA01280208026A02BF02C5 
:10005200E002E80228036803BF03E803C8030804B8 
:1000620008040804030443050306E807E807FF0839 
:06007200FF08FF08190A57 
:OOOOOOOlFF 

3.3 8-Bit Word Format 

Each data record begins with a nine character prefix 
and ends with a two character checksum. Each record 
has the following format: 

:BBAAAATTHHHH ..•. 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. 

TT 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. 

CC Two-digit hexadecimal checksum that is the 
two's compliment of the sum of all preceding 
bytes in the record including the prefix. 
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4.0 PROGRAMNERIFY MODE ELECTRICAL CHARACTERISTICS 

4.1 DC Program Characteristics 

TABLE 4-1: DC CHARACTERISTICS (TA = + 10°C TO +40°C) 

Characteristics Symbol Min. Typ. Max. Units Conditions 

Supply voltage during programming VODP 4.75 5.0 5.25 v Note 1 

Supply Current (from Voo) IDDP 25.0 mA Voo = 5.0V, Fosc1 = 5MHz 

Supply Voltage during verify VDDV Voo min Voomax 

Voltage on MCLR to stay in ProgramNerify VHH1 Voo+3 Voo+7.25 v 
Modes 

Voltage on liiiCUi during programming VHH2 12.5 13.5 v 
Supply current from programming voltage IHH 100 mA 
source 

Current into liiiCUi pin during programming IHH2 10.0 25.0 mA VHH = 13.5V, Voo = 6.0V 
(TOCKl=O) 

Input Low Voltage VIL Vss 0.15Voo v • Input High Voltage VIH 0.85Voo 5.0 Voo v 
Note 1 : Device must be verified at minimum and maximum operating voltages specified in the data sheet. 

4.2 AC Program and Test Mode Characteristics 

TABLE 4-2: AC CHARACTERISTICS (TA= +10°C TO +40°C, VDD = 5.0V ± So/o) 

Characteristics Symbol Min Typ Max Units Conditions 

fiifCrn Rise Time TR 0.15 1.0 5 µs 

fiifCrn Fall Time TF 0.5 2.0 5 µs 

Program Mode Setup Time TPS 1.0 µs 

Data Access Time TACC 250 ns 

Data Setup Time Tos 1.0 µs 

Data Hold Time TOH 1.0 µs 

Output Enable Time TOE 0 100 ns 

Output Disable Time Toz 0 100 ns 

Programming Pulse Width TPW 10.0 µs 

Programming Pulse Width TPWF 10,000 µs Configuration Word only 

Recovery Time TRC 10.0 µs 

Frequency on OSC1 Fosc DC 5 MHz For incrementing of the PC 
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4.3 Timing Diagrams 

FIGURE 4-1: PROGRAMMING AND VERIFY TIMING WAVEFORM 

--TF~ll-
TACC ~ 

TR 

~ VHH1NHH2 

~RNPP 
I I I 

TPS ~1-TPWF R'.:J 
TOCK1---~' <--~---r---~· 

I ~ OSC1---~~-~-~--~~~ACc ~1 --~--..--~~---+~ 
DATA 
(RB7:0, 
f!A3:0) 

Tos 

Data in 
(Config) 

Toz 

Data out 
(Config) 

!roz 
Data 9ut 
(Conflg) 

PC ______ ~o=xF~F~F ______ ~lx~ ______ Ox~O~OO~----~ 0x001 

(Internal) (PC pointing to Configuration Word) I 

FIGURE 4-2: SPEED VERIFY TIMING WAVEFORM 

TOCKI 

OSC1 

DATA 
(RB7:0, RA3:0) 

DS30190D-page 3-12 

: Data out, 
, (OxOOO) , 

, Data out, 
' (Ox001) ' 

oxooo ><~ __ ox_oo_1_~>< 

VHH1 ----------

Ox002 >< OX003 >C 
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MICROCHIP PIC16C6xnX 
EPROM Memory Programming Specification 

This document includes the programming 
specifications for the following devices: 

• PIC16C61 • PIC16C620 
• PIC16C62 
• PIC16C64 
• PIC16C65 

PIC16C71 
• PIC16C73 
• PIC16C74 

• PIC16C621 
• PIC16C622 

1.0 PROGRAMMING THE 
PIC16C6xnX 

The PIC16C6X/7X can be programmed using the serial 
method. In serial mode the PIC16C6X/7X can be pro
grammed while in the users system. This allows for 
increased design flexibility. 

1.1 Hardware Requirements 

The PIC16C6X/7X requires two programmable power 
supplies, 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. 

1.2 Programming Mode 

The programming mode for the PIC16C6X/7X allows 
programming of user program memory, special loca
tions used for ID, and the configuration word for the 
PIC16C6X/7X. 

PIN CONFIGURATIONS 
PDIP, Windowed CERDIP 

ilCDWPP-
RAO-
AA1- 3 
RA2-
AA3-

RA4/TOCKI-
"O RAS-

REO- § 
RE1- 9 

"' AE2- 10 0 Voo- 11 

"' vss- 12 

~ OSC1/CLKIN - 13 
OSC2/CLKOUT - 14 ~ RCO- 15 

RC1- 16 .... 
RC2- 17 
RC3- 18 
ADO- 19 
RD1- 20 

PDIP, SOIC, Windowed CERDIP 

J;4C[Ftlvpp ______. 

RAO-

RA1 ____.... 

RA2-

RA3--
RA4/f0CKI .__..,. 

RAS--

vss -
OSC1/CLKJN -

OSC2/CLKOUT -+-
AGO..--... 
RC1 .__..,. 

RC2-

40 -RB7 
39 -AB6 
38 -RBS 
37 -RB4 
36 -RB3 
35 -AB2 
34 -RB1 

32 -voo 
31 -vss 
30 -R07 
29 -R06 
28 -RDS 
27 -RD4 
26 -RC7 
25 -RC6 
24 -RCS 
23 -RC4 
22 -AD3 
21 -RD2 

(300 mil) 

--R83 

--R82 

____.... RBG'INT 

--- VDO 
..,___ vss 
.,.__... RC7 

RC3 ....--... ~----~ 

PDIP, SOIC, Windowed CERDIP 

RA2....--. •1 

RA3,.__.. 2 

AM/TOCK!- 3 

~PP- 4 

17 ....,_._ RAO 

16 .__OSC1/CLKIN 

15 __.. OSC2/CLKOUT 

RBOllNT .__... 6 

RB1 ,..____. 7 

AB2 ..--.. 8 

RB3.,__.. 9 
~---~ 

Note: Peripheral pinout functions are not shown (see 
datasheets for full pinout information). 

PIN DESCRIPTIONS (DURING PROGRAMMING): PIC16C61/620/621/622/62/64/65/71n3174 

During Programming 

Pin Name Pin Name Pin Type Pin Description 

RB6 CLOCK I Clock input 

RB7 DATA 1/0 Data input/output 

MCLRIVPP VPP p Programming Power 

Voo VDD p Power Supply 

vss Vss p Ground 
Legend: I = input, 0 = Output, P = Power 
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2.0 PROGRAM MODE ENTRY 

2.1 User Program Memory Map 

The user memory space extends from OxOOOO to 
Ox1FFF (BK). Table 2-1 shows actual implementation 
of program memory in the PIC16C6xm< family. 

TABLE 2-1: IMPLEMENTATION OF 
PROGRAM MEMORY IN THE 
PIC16C6X/7X 

Access to 
Device Program Memory Size Program 

Memory 

PIC16C61 Ox000-0x3FF (1K) PC<9:0> 
PIC16C620 OxOOO -Ox1 FF (0.5K) PC<B:O> 
PIC16C621 OxOOO - Ox3FF (1K) PC<9:0> 
PIC16C622 OxOOO -Ox7FF (2K) PC<10:0> 
16C62 OxOOO - Ox7FF (2K) PC <10:0> 
16C64 OxOOO - Ox7FF (~ PC<10:0> 
16C65 OxOOO - OxFFF (4K) PC<11:0> 
16C71 OxOOO - Ox3FF (11<) PC<9:0> 
16C73 OxOOO - OxFFF (4K) PC<11:0> 
16C74 OxOOO - OxFFF (4K) PC<11:0> 

When the PC reaches the last location of the imple
mented program memory, it will wrap around and 
address a location within the physically implemented 
memory (see Figure 2-1). 

DS30337A-page 3-14 

In programming mode the program memory space 
extends from oxoooo to Ox3FFF, with the first half 
(Ox0000-0x1 FFF) being user program memory and the 
second half (Ox2000-0x3FFF) being configuration 
memory. The PC will increment from Oxoooo to Ox1 FFF 
to Ox2000 to Ox3FFF and wrap around to Ox2000 (not 
to OXOOOO). Once in configuration memory, the highest 
bit of the PC stays a '1 ', thus always pointing to the con
figuration memory. The only way to point to user pro
gram memory is to reset the part and reenter program/ 
verify mode, as described in Section 2.2. 

In the configuration memory space, OX2000-0x207F or 
Ox2000-0x20FF are utilized. When in configuration 
memory, as in the user memory, the Ox2000-0X2XFF 
segment is repeatedly accessed as PC exceeds 
Ox2XFF (see Figure 2-1). 

A user may store identification information (ID) in four 
ID locations. The ID locations are mapped in [Ox2000 : 
Ox2003]. It is recommended that the user use only the 
four least significant bits of each ID location. In some 
devices, the ID locations read-out in a scrambled fash
ion after code protection is enabled. For these devices, 
it is recommended that ID location is written as '11 
1111 1000 bbbb' where 'bbbb' is ID information. 

In other devices, the ID locations read out normally, 
even after code protection. To understand how the 
devices behave, refer to Table 3-1. 

To understand the scrambling mechanism after code 
protection, refer to Section 4.0.1. 
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FIGURE 2-1: PROGRAM MEMORY MAPPING 

O.SKW 1KW 2KW 4KW 

2000 ID Location Implemented Implemented 

2001 ID Location Implemented 

2002 ID Location Implemented 

2003 ID Location Implemented 

2004 Reserved 

2005 Reserved 

2006 Reserved • 
2007 Configuration Word 
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2.2 ProqramNerify Mode 

The program/verify mode is entered by holding pins 
RBS and RB7 low while raising MCLR pin from VIL to 
VIHH (high voltage). Once in this mode the user pro
gram memory and the configuration memory can be 
accessed and programmed in serial fashion. The 
mode of operation is serial, and the memory that is 
accessed is the user program memory. RBS 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 ~ pin was initially at VIL). This means 
that all 1/0 are in the reset state (High impedance 
inputs). 

2.2.1 SERIAL PROGRAM/VERIFY OPERATION 

The RBS pin is used as a clock input pin, and the RB7 
pin is used for entering command bits and data inpuV 
output during serial operation. To input a command, the 
clock pin (RBS) 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 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 1µs between the command 
and the data. After this delay the clock pin is cycled 1 S 
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 sec
ond cycle, and during a load operation the lsb will be 
latched on the falling edge of the second cycle. A min
imum 1µs 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 1µs is 
required between a command and a data word (or 
another command). 

The commands that are available are: 

2.2.1.1 LOAD CONFIGURATION 

After receiving this command, the program counter 
(PC) will be set to Ox2000. By then applying 1 S cycles 
to the clock pin, the chip will load 14-bits a "data word" 
as described above, to be programmed into the config
uration memory. A description of the memory mapping 
schemes for normal operation and configuration mode 
operation is shown in Figure 2-1. After the configura
tion memory is entered, the only way to get back to the 
user program memory is to exit the program/verify test 
mode by taking~ low (VIL). 

TABLE2-2: 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 

End Programming 0 0 1 1 1 0 
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Programming Specification 

FIGURE 2-2: PROGRAM FLOW CHART- PIC16C&xnx PROGRAM MEMORY 

Start 

Set Voo = VooP* 

N=O 

No 

Program Cycle N>25 

ReadData 
Command N=N + 1 N=# 

of Program Cycles 

Increment Address No 

Command 

Yes 

Apply 3N Additional 
Program Cycles 

No 
All Locations Done? 

Yes 

Verify all Locations 
@ Voomin.* 
VPP= VIHH2 

Report Verify 
@ Voo min. Error 

Yes 

Verify all Locations 
@Voomax. 
VPP= VtHH2 

Report Verify 
@ Voo max. Error 

Data Correct? 

Yes 

Done 

* VDDP = Voo range for programming (typically 4.75V - 5.25V). 
Voo min. = Minimum Voo for device operation. 
Voo max. = Maximum Voo for device operation. 
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Report Programming 
Failure 

Program Cycle 

Load Data 
Command 

Begin Programming 
Command 

Wait 100 µs 

End Programming 
Command 

DS30337A-page 3-17 

• 



PIC16C6xnX 

FIGURE 2-3: PROGRAM FLOW CHART.;. PIC16C&:xnX CONFIGURATION WORD & ID LOCATIONS 

No 

Increment Address 
Command 

No 

Yes 

Increment Address 
Command 

Increment Address 
Command 

Increment Address 
Command 

DS30337A-page 3-18 

Yes 

Start 

Program ID Loe? 

Report Program 
ID/Config. Error 

No 

Data Correct? 

Yes 

No 

No 

No 

Program Cycle 

N=N+1 N=# 
of Program Cycles 

Yes 

Report Programming 
Failure 

Program Cycle 

N,;,N+1 N=# 
of Program Cycles 

N>25 

Yes 

Data Correct? 

Yes 

Set Voo = Voo max. 
Read Data Command 

Set Vpp = V1HH2 

Read Data 
Command 

Data Correct 

Yes 

Apply3N 
Program Cycles 

Read Data 
Command 

Data Correct? 

Yes 

Apply3N 
Program Cycles 

Set Voo = Voo min. 
Read Data Command 

Set Vpp = VIHH2 
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2.2.1.2 LOAD DATA 

After receiving this command, the chip will load in a 14-
bit "data word" when 16 cycles are applied, as 
described previously. A timing diagram for the load 
data command is shown in Figure 2-4. 

pin will go into output mode on the second rising clock 
edge, and it will revert back to input mode (hi-impe
dance) after the 16th rising edge. A timing diagram of 
this command is shown in Figure 2-5. 

2.2.1.4 INCREMENT ADDRESS 

2.2.1.3 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 

The PC is incremented when this command is received. 
A timing diagram of this command is shown in Figure 2-
6. 

FIGURE 2-4: LOAD DATA COMMAND (PROGRAMNERIFY) 

_ VJHH ~-~--------------------------------
MCLRVPf' 

tsetO ---: :~ thtdO' ~ OOn~ 
ABB 9\\i i ~h H r-3 

(CLOCK)~ L.J L...j 

j i, :, ' ; 1oon~ 
(O~~r) ' , ' : : 1 : '---------J; 

~~ 
a: 1µs min. ~ 4 5 15 16 

L__JLJl ___ .JLJL 

: : : tset1-+{ :-: : tdly1 ! tset1~ : f-: ;-thld1 :1µs min.: : :--:-- thld 1 

100ns 100ns 
min. min. 

Reset~--------------
ProgramtVerify Test Mode 

FIGURE 2-5: READ DATA COMMAND (PROGRAMNERIFY) 

_ VIHH-~--------------·--------------------
MCLRNPP 

tsew-=-..; HthldO• 
'' _ _... 1 

(Clc\l\'~)~,:.' 
RB7 

{OATA)=c;.._---=----+--< 

tset1 :---: : Lb thld1 

~ e: tµs min. ~ 15 16 

l ___ n__n_ 
:td~T 

~_.°___()__,~~--:c==x==x::::=>C ::::~: 
~ 
;1µs min.; 

100ns 
min. : RB7 

-------- RB7=input ------------~R=B7_=~o=utpu=t~--~.;.: _inp~u1 

Re~t~~-------------P'~~~ra_mN_e_•;~fy_Te_st_M_ode ____ _ 

FIGURE 2-6: INCREMENT ADDRESS COMMAND (PROGRAMNERIFY) 

VIHH---~------------------------------
MCLRVPP 

RBS 
(CLOCK)_~-~ 

RB7 
(DATA) 

2 

o I 

3 4 5 

\ 1 0 0 
I I 

' ' ' 
tset1 ~ thld1 

' ' ' .___,______, 
100ns 
min. 

tdly2 
Next Command 

1µs min. ' 
6 2 

----!l--fl--------
' 

0 ;;-----) 0 0 

: tdly1 : ____.., 
:1µs min.: 
' ' 

Reset _ _...,. _______________ P_m---=-gr_a_m_N_e_ri~fy_T_e_st_M_o_d_e ___________ __ 
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2.2.1.5 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 100µs program
ming pulses. A programming pulse is defined as the 
time between the begin programming command and 
the end programming command. 

2.2.1.6 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. 

DS30337 A-page 3-20 

2.3 Programming Algorithm Requires 
Variable Voe 

The PIC16C6xnX uses an intelligent algorithm. The 
algorithm calls for program verification at VDo (min.) as 
well as Voo (max.). Verification at Voo (min.) guaran
tees good "erase margin'. Verification at VDo (max.) 
guarantees good 'program margin". 

The actual programming must be done with Voo in the 
VDDP range (4.75 - 5.25V). 

VDDP = 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 spec
ified 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). 
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3.0 CONFIGURATION WORD 
The PIC16C6xnX family members have several con
figuration bits. These bits can be programmed (reads 
'O') or left unprogrammed (reads '1 ') to select various 
device configurations. Figure 3-1 provides an overview 
of configuration bits. 

FIGURE 3-1: CONFIGURATION WORD BIT MAP 

Bit 
Number· 13 

PIC16C61/71 -

PIC16C6X/7X 

PIC16C62X 

-
CP1 

bit 6: Reserved 

12 11 10 9 

- - - -
- - - -

CPO CP1 CPO CP1 

write as 'O' for PIC16C6xnX 
5-4CP1 :CPO, Code Protect 

Device 

PIC16C62 
PIC16C64 
PIC16C65 
PIC16C73 
PIC16C74 

PIC16C61 
PIC16C71 

PIC16C620 

PIC16C621 

PIC16C622 

bit 6: BODEN, Brown Out Enable Bit 

8 

-

-

CPO 

CP1 

0 

0 

1 

1 

-
-
0 
0 

1 

1 

0 
0 

1 

1 

0 
0 

1 
1 

bit 4: PWRTE, Power Up Timer Enable Bit 
PIC16C61/62l64/65n1/73/74: 

1 = Power up timer enabled 
O = Power up timer disabled 

PIC16C620/621 /622: 
0 = Power up timer enabled 
1 = Power up timer disabled 

bit 3-2:WDTE, WDT Enable Bit 
1 = WDT enabled 
O = WDT disabled 

bit 1-0 FOSC<1 :0>, Oscillator Selection Bit 
11: RC oscillator 
1 O: HS oscillator 
01: XT oscillator 
00: LP oscillator 

© 1995 Microchip Technology Inc. 

7 6 5 4 

- - - GP 

Reserved Reserved CP1 CPO 

Reserved BODEN CP1 CPO 

CPO Code Protection 

0 All memory protected 

1 Upper 3/4 memory protected 
0 Upper 1/2 memory protected 

1 Code protection off 

0 On 
1 Off 

0 All memory protected 
1 Do not use 
0 Do not use 

1 Code protection off 

0 All memory protected 
1 Upper 1 /2 memory protected 
0 Do not use 
1 Code protection off 
0 All memory protected 
1 Upper 3/4 memory protected 

0 Upper 1/2 memory protected 
1 Code protection off 

3 2 

PW RTE WDTE FOSC1 

PW RTE WDTE FOSC1 

PW RTE WDTE FOSC1 
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TABLE 3·1: CONFIGURATION WORD 

PIC16C61 

To code protect: 

• Protect all memory 

Program Memory Segment 

Configuration Word (Ox2007) 

Unprotected memory segment 

Protected memory segment 

ID Locations (Ox2000 : Ox2003) 

PIC16C620 

To code protect: 

• Protect all memory 

• No code protection 

Program Memory Segment 

Configuration Word (Ox2007) 

Unprotected memory segment 

Protected memory segment 

ID Locations (Ox2000: Ox2003) 

PIC16C621 

To code protect: 

xxxxxxxxxoxxxx 

R/W in Protected Mode 

Read Scrambled, Write Enabled 

Read Scrambled, Write Enabled 

Read Scrambled, Write Disabled 

Read Scrambled, Write Enabled 

OOOOOOllOOXXXX 

llllllllllXXXX 

R/W In Protected Mode 

Read Unscrambled, Write Enabled 

Read Unscrambled, Write Enabled 

Read all O's, Write Disabled 

Read Unscrambled, Write Enabled 

• Protect all memory OOOOOOllOOXXXX 

• Protect upper 1/2 memory 0101011101xxxx 
• No code protection 1111111111xxxx 

Program Memory Segment R/W in Protected Mode 

Configuration Word (Ox2007) Read Unscrambled, Write Enabled 

Unprotected memory segment Read Unscrambled, Write Enabled 

Protected memory segment Read all O's, Write Disabled 

ID Locations (Ox2000 : Ox2003) Read Unscrambled, Write Enabled 

PIC16C622 

To code protect: 

• Protect all memory OOOOOOllOOXXXX 

• Protect upper 3/4 memory 0101011101xxxx 

• Protect upper 1/2 memory 101010111oxxxx 

• No code protection 1111111111xxxx 

Program Memory Segment R/W in Protected Mode 

Configuration Word (Ox2007) Read Unscrambled, Write Enabled 

Unprotected memory segment Read Unscrambled, Write Enabled 

Protected memory segment Read all O's, Write Disabled 

ID Locations {Ox2000: Ox2003) Read Unscrambled, Write Enabled 

R/W in Unprotected Mode 

Read Unscrambled, Write Enabled 

Read Unscrambled, Write Enabled 

Read Unscrambled, Write Enabled 

Read Unscrambled, Write Enabled 

R/W in Unprotected Mode 

Read Unscrambled, Write Enabled 

Read Unscrambled, Write Enabled 

Read Unscrambled, Write Enabled 

Read Unscrambled, Write Enabled 

R/W in Unprotected Mode 

Read Unscrambled, Write Enabled 

Read Unscrambled, Write Enabled 

Read Unscrambled, Write Enabled 

Read Unscrambled, Write Enabled 

R/W in Unprotected Mode 

Read Unscrambled, Write Enabled 

Read Unscrambled, Write Enabled 

Read Unscrambled, Write Enabled 

Read Unscrambled, Write Enabled 
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PIC16C62 

To code protect: 

• Protect all memory XXXXXXllOOXXXX 

• Protect upper 3/4 memory xxxxxx1101xxxx 

• Protect upper 1/2 memory xxxxxx1110xxxx 

• No code protection XXXXXXllllXXXX 

Program Memory Segment R/W in Protected Mode R/W in Unprotected Mode 

Configuration Word (Ox2007) Read Unscrambled, Write Enabled Read Unscrambled, Write Enabled 
Unprotected memory segment Read Unscrambled, Write Enabled Read Unscrambled, Write Enabled 

--------·.-----···-~--------

Protected memory segment Read Scrambled, Write Disabled Read Unscrambled, Write Enabled 

ID Locations (Ox2000: Ox2003) Read Unscrambled, Write Enabled Read Unscrambled, Write Enabled 

PIC16C64 

To code protect: 

• Protect all memory XXXXXXllOOXXXX 

• Protect upper 3/4 memory xxxxxx1101xxxx 

• Protect upper 1/2 memory xxxxxx111oxxxx • • No code protection XXXXXXllllXXXX 

Program Memory Segment R/W in Protected Mode R/W in Unprotected Mode 

Configuration Word (Ox2007) Read Unscrambled, Write Enabled Read Unscrambled, Write Enabled 
Unprotected memory segment Read Unscrambled, Write Enabled Read Unscrambled, Write Enabled 

Protected memory segment Read Scrambled, Write Disabled Read Unscrambled, Write Enabled 

ID Locations (Ox2000 : Ox2003) Read Unscrambled, Write Enabled Read Unscrambled, Write Enabled 

PIC16C65 

To code protect: 

• Protect all memory XXXXXXllOOXXXX 

• Protect upper 3/4 memory xxxxxx1101xxxx 

• Protect upper 1/2 memory xxxxxx111oxxxx 

• No code protection xxxxxx1111xxxx 

Program Memory Segment R/W in Protected Mode R/W in Unprotected Mode 

Configuration Word (Ox2007) Read Unscrambled, Write Enabled Read Unscrambled, Write Enabled 

Unprotected memory segment Read Unscrambled, Write Enabled Read Unscrambled, Write Enabled 

Protected memory segment Read Scrambled, Write Disabled Read Unscrambled, Write Enabled 

ID Locations (Ox2000 : Ox2003) Read Unscrambled, Write Enabled Read Unscrambled, Write Enabled 

PIC16C71 

To code protect: 

• Protect all memory xxxxxxxxxoxxxx 

Program Memory Segment R/W in Protected Mode R/W in Unprotected Mode 

Configuration Word (Ox2007) Read Scrambled, Write Enabled Read Unscrambled, Write Enabled 

Unprotected memory segment Read Scrambled, Write Enabled Read Unscrambled, Write Enabled 

Protected memory segmentz Read Scrambled, Write Disabled Read Unscrambled, Write Enabled 

ID Locations (Ox2000 : Ox2003) Read Scrambled, Write Enabled Read Unscrambled, Write Enabled 
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PIC16C73 

To code protect: 

• Protect all memory xxxxxx11ooxxxx 

• Protect upper 3/4 memory xxxxxx1101xxxx 

• Protect upper 1/2 memory xxxxxx111oxxxx 

• No code protection xxxxxx1111xxxx 

Program Memory Segment R/W in Protected Mode R/W In Unprotected Mode 

Configuration Word (Ox2007) Read Unscrambled, Write Enabled Read Unscrambled, Write Enabled 

Unprotected memory segment Read Unscrambled, Write Enabled Read Unscrambled, Write Enabled 

Protected memory segment Read Scrambled, Write Disabled Read Unscrambled, Write Enabled 

ID Locations (Ox2000 : Ox2003) Read Unscrambled, Write Enabled Read Unscrambled, Write Enabled 

PIC16C74 

To code protect: 

• Protect all memory 

• Protect upper 3/4 memory 

• Protect upper 1/2 memory 

• No code protection 

XXXXXXll 0 OXXXX 

XXXXXX1101XXXX 

XXXXXXlllOXXXX 

XXXXXXllllXXXX 

Program Memory Segment R/W in Protected Mode R/W in Unprotected Mode 

Configuration Word (Ox2007) Read Unscrambled, Write Enabled Read Unscrambled, Write Enabled 

Unprotected memory segment Read Unscrambled, Write Enabled Read Unscrambled, Write Enabled 

Protected memory segment Read Scrambled, Write Disabled Read Unscrambled, Write Enabled 

ID Locations (Ox2000: Ox2003) Read Unscrambled, Write Enabled Read Unscrambled, Write Enabled 
Legend: X = Don't care 

4.0 CODE PROTECTION 
The program code written into the EPROM can be pro
tected by writing to the CPO & CP1 bits of the configu
ration word. 

In PIC16C61/71 it is still possible to program locations 
OxOOO through Ox03F, after code protection'. For all 
other devices, writing to all protected memory is dis
abled. 

4.0.1 PROGRAMMING LOCATIONS OXOOOOTO 
OX03F AFTER CODE PROTECTION 

For PIC16C61/71 devices, once code protection is 
enabled, all program memory locations read out in a 
scrambled fashion. The ID locations and the configura
tion word also read out in a scrambled fashion. Further 
programming is disabled for locations Ox040 and 
above. It is possible to program the ID locations and the 
configuration word. · 

For PIC16C61/71 devices, program memory locations 
OxOOO through Ox03F are essentially not protected, i.e., 
these locations can be further programmed after code 
protection is enabled. However, since the data reads 
out in a scrambled fashion, to correctly overprogram 
these locations, the programmer must program seven 
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bits at a time. For example, to program Ox3AD2 ('11 
1010 1101 0010') in a blank location, first program the 
location with '11 1111 1101 001 o• and verify scrambled 
output to be 'xx xxxx x101 001 O'. Next, program the 
location with '11 101O1101 001 O' and verify scrambled 
output to be 'xx xxxx x101 1000'. 

For all other PIC16C6X/7X devices, once code protec
tion is enabled, all protected segments read 'O's (or 
"garbage values") and are prevented from further pro
gramming. All unprotected segments, including ID loca
tions and configuration word, read normally. These can 
be programmed. 

4.1 Checksum 

Checksum is calculated by reading the contents of the 
PIC16CXX memory locations and adding up the 
opcodes up to the maximum addressable location, e.g., 
Ox3FF !Or the PIC16C61. Then ID and configuration 
locations are added. Any carry bits exceeding 16-bits 
are neglected. Checksum computations for each mem
ber of PIC16CXX devices is shown in Table 4-1. 
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TABLE 4-1: CHECKSUM COMPUTATION 

Device Code Checksum• Blank Ox25E6 at O and 
Protect Value max address 

PIC16C61 OFF SUM[OxOOO:Ox3FF] + CFGW & Ox3FFF Ox3BFF Ox07CD 
ON SUM XNOR7[0xOOO:Ox3FF] + CFGW & Ox007F OxFC6F OxFC15 

PIC16C620 OFF SUM[OxOOO:Ox3FF] + CFGW & Ox3F7F Ox3DFF Ox094D 
ALL SUM ID + CFGW & Ox3F7F Ox3FFE Ox099C 

PIC16C621 OFF SUM[OxOOO:Ox3FF] + CFGW & Ox3F7F Ox3BFF Ox074D 
1/2 SUM[OxOOO:Ox1FF] + CFGW & Ox3F7F + SUM_ID Ox3A7E Ox0093 
ALL CFGW & Ox3F7F + SUM_ID Ox3C7E Ox079C 

PIC16C622 OFF SUM[OxOOO:Ox7FF] + CFGW & Ox3F7F Ox37FF Ox034D 
1/2 SUM[OxOOO:Ox3FF] + CFGW & Ox3F7F + SUM_ID Ox347E OxOFA3 
3/4 SUM[OxOOO:Ox1 FF] + CFGW & Ox3F7F + SUM_ID Ox367E OxF093 
ALL CFGW & Ox3F7F + SUM_ID Ox387E Ox039C 

PIC16C62 OFF SUM[OxOOO:Ox7FF] + CFGW & Ox3FBF Ox37BF Ox038D 
1/2 SUM[OxOOO:Ox3FF] + SUM_XNOR7[0x400:0x7FF] + CFGW & Ox3FBF Ox37AF Ox1D69 
3/4 SUM[OxOOO:Ox1 FF] + SUM_XNOR7[0x200:0x7FF] + CFGW & Ox3FBF Ox379F Ox1059 
ALL SUM XNOR7[0xOOO:Ox7FF] + CFGW & Ox3FBF Ox378F Ox3735 

PIC16C64 OFF SUM[OxOOO:Ox7FF] + CFGW & Ox3FBF Ox37BF Ox038D 
1/2 SUM[OxOOO:Ox3FF] + SUM_XNOR7[0x400:0x7FF] + CFGW & Ox3FBF Ox37AF Ox1D69 
3/4 SUM[OxOOO:Ox1FF] + SUM_XNOR7[0x200:0x7FF] + CFGW & Ox3FBF Ox379F Ox1D59 
ALL SUM_XNOR7[0xOOO:Ox7FF] + CFGW & Ox3FBF Ox378F Ox3735 

PIC16C65 OFF SUM[OxOOO:OxFFF] + CFGW & Ox3FBF Ox2FBF OxFBBD 
1/2 SUM(OxOOO:Ox7FF] + SUM_XNOR7[0x800:FFF] + CFGW & Ox3FBF Ox2FAF Ox1569 
3/4 SUM[OxOOO:Ox3FF] + SUM_XNOR7[0x400:FFF] + CFGW & Ox3FBF Ox2F9F Ox1559 
ALL SUM_XNOR7[0xOOO:OxFFF] + CFGW & Ox3FBF Ox2FBF Ox2F35 

PIC16C71 OFF SUM[OxOOO:Ox3FF] + CFGW & Ox3FFF Ox3BFF Ox07CD 
ON SUM XNOR7[0xOOO:Ox3FF] + CFGW & Ox3FFF OxFCSF OxFC15 

PIC16C73 OFF SUM[OxOOO:OxFFF] + CFGW & Ox3FBF Ox2FBF OxFBBD 
1/2 SUM[OxOOO:Ox7FF] + SUM_XNOR7[0x800:FFF] + CFGW & Ox3FBF Ox2FAF Ox0569 
3/4 SUM[OxOOO:Ox3FF] + SUM_XNOR7[0x400:FFF] + CFGW & Ox3FBF Ox2F9F Ox1559 
ALL SUM_XNOR7[0xOOO:OxFFF] + CFGW & Ox3FBF Ox2FBF Ox2F35 

PIC16C74 OFF SUM[OxOOO:OxFFF] + CFGW & Ox3FBF Ox2FBF OxFBBD 
1/2 SUM[OxOOO:Ox7FF] + SUM_XNOR7[0x800:FFF] + CFGW & Ox3FBF Ox2FAF Ox1569 
3/4 SUM[OxOOO:Ox3FF] + SUM_l(NOR7[0x400:FFF] + CFGW & Ox3FBF Ox2F9F Ox1559 
ALL SUM XNOR7[0xOOO:OxFFF] + CFGW & Ox3FBF Ox2FBF Ox2B35 

Legend: CFGW = Configuration Word 
SUM[a:b] =[Sum of locations a through b inclusive] 
SUM_XNOR7[a:b] = XNOR of the seven high order bits of memory location with the seven low order bits summed over 

locations a through b inclusive. For example, location_a = Ox123 and location_b = Ox456, then 
SUM_XNOR7 [location_a: location_b] = Ox001F. 

SUM_ID = ID locations masked by OxF then made into a 16-bit value with IDO as the most significant nibble. For example, 
IDO = Ox12, ID1 = Ox37, ID2 = Ox4, ID3 = Ox26, then SUM_ID = Ox2746. 

*Checksum = [Sum of all the individual expressions] MODULO [OxFFFF] 

TABLE4-2: AC/DC Timing Requirements for ProgramNerify Mode 

Standard Operating Conditions 
AC/DC Characteristics, 

Operating Temperature + 1 O"C s TA s +40°C, unless otherwise stated 
Power Supply Pins 

Operating Voltage 4.5V s VDD s 5.5V, unless otherwise stated. 

Characteristic Sym. Min. Typ. Max. Units 

General 

Supply voltage during programming VDDP 4.75 5.0 5.25 v 
Supply voltage during verify Voov Voomin. Voomax. v 
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. 

© 1995 Microchip Technology Inc. 

Conditions 

Note 1 
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TABLE4-2: AC/DC Timing Reauirements for Program/Verify Mode <Continued) 

Standard Operating Conditions 
AC/DC Characteristics, 

Operating Temperature + 1 O'C s: TA s: +40°C, unless otherwise stated Power Supply Pins 
Operating Voltage 4.5V s Voo s 5.5V, unless otherwise stated. 

Characteristic Sym. Min. Typ. Max. Units Conditions 

Supply current (from Voo) loop 20 mA 
during programming 

Programming supply current (from VPP) IPP 50 mA 

Voltage on MCLRIVPP during programming VIHH 12.5 13.5 v Note2 

Voltage on ~PP during verify VIHH2 Voo+4.0 13.5 

'fiiiCLRNpp rise time (Vss to VHH) tvHHA 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 0.2Voo v Schmitt trigger input 

Serial Program Verify 

Data in setup time before clock J.. tset1 100 ns 

Data in hold time after clock J.. thld1 100 ns 

Data input not driven to next clock input tdly1 1.0 µs 
(delay required between commandfdata or 
commandfcommand) 

Delay between clock J.. to clock t of next tdly2 1.0 µs 
command or data 

Clock t to date out valid tdly3 80 ns 
(during read data) 

Note 1: Program must be verified at the minimum and maximum Vbo limits for the part. 
Note 2: VIHH must be greater than Voo + 4.5V to stay in programming/verify mode. 
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MICROCHIP PIC16C84 
EEPROM Memory Programming Specification 

This document includes the programming 
specifications for the following devices: 

• PIC16C84 

1.0 PROGRAMMING THE PIC16C84 
The PIC16C84 is programmed using the serial method. 
The serial mode will allow the PIC16C84 to be pro
grammed while in the users system. This allows for 
increased design flexibility. 

1.1 Hardware Requirements 

The PIC16C84 requires one programmable power sup
plyforVoo (4.5V to 5.5V) and a VPP of 12Vto 14V. Both 
supplies should have a minimum resolution of 0.25V. 

1.2 Programming Mode 

The programming mode for the PIC16C84 allows pro
gramming of user program memory, data memory, spe
cial locations used for ID, and the configuration word. 

PIN CONFIGURATION 

PDIP,SOIC 

RA2....,.. ....... RA1 
RA3- -RAO 

RA4fTOCKI - -osc1/CLKIN 
m'.:rn --- --- OSC2/CLKOUT 

vss__.. .._voo 
ABO/INT- - RB7 

RB1- -RB6 
RB2- -RBS 
RB3- -RB4 

~----~ 

PIN DESCRIPTIONS (DURING PROGRAMMING): PIC16C84 

During Programming 

Pin Name Pin Name Pin Type Pin Description 

RB6 CLOCK I Clock input 

RB7 DATA 1/0 Data inpuVoutput 

~ VTESTMODE p• Program Mode Select 

VDD VDD p Power Supply 

Vss Vss p Ground 

Legend: I = input, 0 = Output, P = Power 

*In PIC16C84, programming high voltage is internally generated. To activate the programming mode, high voltage needs to be applied 
to MCLR input. This means that MCLR does not draw any significant current. 
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2.0 PROGRAM MODE ENTRY 

2.1 User Program Memory Map 

The user memory space extends from OxOOOO to Ox1 FFF 
(BK), of which 1 K (OxOOOO - Ox03FF) is physically imple
mented. In actual implementation the on-chip user pro
gram 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 Ox3FF, it will wrap around and address 
a location within the physically implemented memory. 
(See Figure 2-1). 

In programming mode the program memory space 
extends from OxOOOO to Ox3FFF, with the first half 
(Ox0000-0x1 FFF) being user program memory and the 
second half (Ox2000-0x3FFF) being configuration mem
ory. The PC will increment from OxOOOO to Ox1 FFF to 
Ox2000 to Ox3FFF and wrap around to Ox2000 (not to 
OxOOOO). Once in configuration memory, the highest bit of 
the PC stays a '1 ', thus always pointing to the configura
tion memory. The only way to point to user program mem
ory is to reset the part and reenter program/verify mode 
as described in Section 2.3. 

In the configuration memory space, Ox2000-0x200F are 
physically implemented. Locations beyond Ox200F will 
physically access user memory. (See Figure 2-1). 
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2.2 ID Locations 

A user may store identification information (ID) in four ID 
locations. The ID locations are mapped in [Ox2000 : 
Ox2003]. It is recommended that the user use only the 
four least significant bits of each ID location. In some 
devices, the ID locations read-out in a scrambled fashion 
after code protection is enabled. For these devices, it is 
recommended that ID location is written as •11 1111 1000 
bbbb"where 'bbbb' is ID information. 

In other devices, the ID locations read out normally, even 
after code protection. To understand how the devices 
behave, refer to Table 3-1. 

To understand the scrambling mechanism after code pro
tection, refer to Section 3.1. 
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FIGURE 2·1: PROGRAM MEMORY MAPPING 

Implemented 

II 
2000 ID Location 

2001 ID Location 

2002 ID Location 

2003 ID Location 

2004 Reserved 

2005 Reserved 

2006 Reserved 

2007 Configuration Word 

TABLE 2-1: COMMAND MAPPING (SERIAL OPERATION) 

Command Mapping (msb ... lsb) Data 

Load Configuration 0 0 0 0 0 0 o, 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 o, data (14), o 
Increment Address 0 0 0 1 1 0 

Begin Programming 0 0 1 0 0 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 o, data (14), O 

Bulk Erase Program Memory 0 0 1 0 0 1 

Bulk Erase Data Memory 0 0 1 0 1 1 
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2.3 ProgramNerify Mode 

The program/verify mode is entered by holding pins 
RBS and Rl37 low while raising liiiCCR pin from VIL to 
VIHH (high voltage). Once in this mode the user pro· 
gram memory and the configuration memory can be 
accessed and programmed in serial fashion. The mode 
of operation is.serial, and the memory that is accessed 
is the user program memory. RBS and RB7 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 MCIJi pin was initially at VIL). This means 
that all 110 are in the reset state (High impedance 
inputs). 

2.3.1 SERIAL PROGRAM/VERIFY OPERATION 

The RBS pin is used as a clock input pin, and the RB7 
pin is used for entering command bits and data inpuV 
output during serial operation. To input a command, the 
clock pin (RBS) 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 RB7 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 -Y&-between the 
command and the data. After this delay, the clock pin is 
cycled 1S 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. 

FIGURE 2-2: PROGRAM FLOW CHART· PIC16C84 PROGRAM MEMORY 

Increment Address 
Command 

No 

Start 

Set Voo = VDDp 

Program Cycle 

ReadData 
Command 

~-----rAll Locations Done? 
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Yes 

Verify all Locations 
@Voomin. 

Verify all Locations 
@ Voomax. 

Done 

Report Programming 
Failure 

Report Verify Error 
@Voomin. 

Report Verify Error 
@ Voomax. 

Program Cycle 

Load Data 
Command 

Begin Programming 
Command 

Wait 10 ms 
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Therefore, during a read operation the lsb will be trans
mitted 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 1µs 
delay is also specified between consecutive com
mands. 

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 ti5 is 
required between a command and a data word (or 
another command). 

The commands that are available are: 

2.3.1.1 LOAD CONFIGURATION 

After receiving this command, the program counter 
(PC) will be set to Ox2000. By then applying 16 cycles 
to the clock pin, the chip will load 14-bits in a "data 
word", as described above, to be programmed into the 
configuration memory. A description of the memory 
mapping schemes of the program memory for normal 
operation and configuration mode operation is shown in 
Figure 2-1. 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 ~ 
low(VIL). 

2.3.1.2 LOAD DATA FOR PROGRAM MEMORY 

After receiving this command, the chip will load in a 14-
bit "data word" when 16 cycles are applied, as 
described previously. A timing diagram for the load data 
command is shown in Figure 2-4. 

FIGURE 2-3: PROGRAM FLOW CHART- PIC16C84 CONFIGURATION MEMORY 

No 

Increment Address 

Program ID 
Location? 

Command ...-~~~~~~~~~~-.. 

Yes 
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Report Program 
Config. Word Error 

No 

Data Correct? 

Program Cycle 

Report Programming 
Failure 

Program Cycle 
(Config. Word) 

Data Correct? 

Yes 

Set Voo = Voo min. 
Read Data Command 

Read Data 
Command 

Data Correct 

Yes 

Set Voo = Voo max. 

Read Data 
Command 
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2.3.1.3 LOAD DATA FOR DATA MEMORY 

After receiving this command, the chip will load in a 14-
bit "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 cir
cuitry 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 
Ox3F, it will wrap around and address a location within 
the physically implemented memory. 

2.3.1.4 READ DATA FROM PROGRAM MEMORY 

After receiving this command, the chip will transmit 
data bits out of the program memory (user or configu
ration) currently accessed starting with the second ris
ing edge of the clock input. The RB? 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 2-5. 

2.3.1.5 READ DATA FROM DATA MEMORY 

After receiving this command, the chip will transmit 
data bits out of the data memory starting with the sec
ond rising edge of the clock input. The RB? pin will go 
into output mode on the second rising edge, and it will 
revert back to input mode (hi-impedance) after the 16th 
rising edge. As previously stated, the data memory is 8-
bits wide, and therefore, only the first 8-bits that are out
put are actual data. 

2.3.1.6 INCREMENT ADDRESS 

The PC is incremented when this command is received. 
A timing diagram of this command is shown in Figure 2-
6. 

FIGURE 2-4: LOAD DATA FOR PROGRAM MEMORY COMMAND (SERIAL PROGRAMNERIFY) 

tsetO .... 1 l: thldO, 

··~ RBS 00-' ' ' 
(CLOCK)~: : 

''' . '. 
RB7 : : : 

100ns 

100ns 

(DATA)1.1Mi;._;_' ;___• __ ::.___, :1: 0 
''' I: I tset1 --: :-: 

~: ;+thtct1 

100ns 
min. 

0 0 

' tdly1 : 
~ 

:1µs min.: 

15 16 

____ JLn_ 

o~:::~ 
tset1+-: : 

: :-t-thld1 
~ 

100ns 
min. 

FIGURE 2-5: READ DATA FROM PROGRAM MEMORY COMMAND (SERIAL PROGRAMNERIFY) 

MCLRVIHH-7-,---------------------------------

.'' 
tsetO --: :\ thldO, .. -RBS " ' 

(CLOCK) """''-'---I 

RB7 
(DATA) """le;._ __ ::_ _ _:__/ 

tset1 :---: , 

: Hth1d1 

100ns 
min. 

RB7 =input 

~ s; 1µs min. ~ 

0 
: tdly37 

• tdly1 ' 
~ 

:1µsmin.i 

RB7 =output 

15 16 

____ JLJL_ 

::x=:>-

: RB7 
: Input 

Reset _.,._ _____________ _:_Pr:::og""ra""m/V~e:::rily,_T'-"e"'S1'"'M~od~e _____________ _ 
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FIGURE 2-6: INCREMENT ADDRESS COMMAND (SERIAL PROGRAMNERIFY} 

VIHH- ·~------------------------------
MCLR 

RBS 
(CLOCK)_~-~ 

2 3 4 5 

tdly2 
Next Command G 1µs min. ' 2 

-----!Lll--------
RB7 

(DATA) o I 1 \r-, ~~__, __ o ___ o~;,- ---- -) __ o ___ o 

tset1~ thld1 ~: 

2.3.1.7 BEGIN PROGRAMMING 

A load command must be given before every begin pro
gramming command. Programming of the appropriate 
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. 

2.3.1.8 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 1 Oms. 

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 
(Ox2000 - Ox200F), 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 
Ox2007. 

2.3.1.9 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. 

© 1995 Microchip Technology Inc. 

' ' ;1µs min.: 
' ' ' '-----'---' 

100ns 
min. 

2.4 Programming Algorithm Requires 
Variable Voo 

The PIC16C84 uses an intelligent algorithm. The algo
rithm calls for program verification at VDo (min.) as well 
as Voo (max.). Verification at Voo (min.) guarantees 
good "erase margin". Verification at Voo (max) guaran
tees good "program margin". 

The actual programming must be done with VDo in the 
VDDP range (4.5 - 5.5V). 

VDDP = 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 PIC16C84 at its specified 
Voo max. and Voo min. levels. Since Microchip may 
introduce future versions of the PIC16C84 with a 
broader Voo range, it is best that these levels are user 
selectable (defaults are ok). 
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3.0 CONFIGURATION WORD 
The PIC16C84 has five configuration bits. These bits 
can be set (reads 'O') or left unchanged (reads '1 ') to 
select various device configurations. 

FIGURE 3-1: CONFIGURATION WORD 

Bit 
Number: ,_1_3_,-1_2--,.--1_1--,_1_0--.~9-.,-_8_.,-_7_...-_6_.--_5_r-_4_,......_3_....,....._2--,.---1-.,--0~ 

I CP I PWRTE I WDTE I FOSC1 I FOSCO I 

bit 4: CP, Code Protection Configuration Bit 
1 = code protection off 
0 = code protection on 

bit 3: PWRTE, Power Up Timer Enable Configuration Bit 
1 = Power up timer enabled 
O = Power up timer disabled 

bit 3-2: WDTE, WDT Enable Configuration Bits 
1 = WDT enabled 
O = WDT disabled 

bit 1-0 FOSC<1 :0>, Oscillator Selection Configuration Bits 
11: RC oscillator 
1 O: HS oscillator 
01: XT oscillator 
00: LP oscillator 

3.1 Code Protection 

For PIC16C84 devices, once code protection is 
enabled, all program memory locations read out in a 
scrambled fashion. The ID locations and the configura
tion word also read out in a scrambled fashion. Further 
programming is disabled for the entire program mem
ory as well as data memory. It is possible to program 
the ID locations and the configuration word. 
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3.1.1 DISABLING CODE-PROTECTION 

It is recommended that the following procedure be per
formed before any other programming is attempted. It 
is also possible to turn code protection off (code protect 
bit= 1) using this procedure; however, all data within 
the program memory and the data memory wilt be 
erased when this procedure Is executed, and thus, 
the security of the data or code Is not compro
mised. 

Procedure to disable code protect: 

a) Execute load configuration (with a '1' in bit 4, 
code protect). 

b) Increment to configuration word location (Ox2007) 

c) Execute command (000001) 
d) Execute command (000111) 

e) Execute 'Begin Programming' (001000) 
f) Wait 10ms 

g) Execute command (000001) 

h) Execute command (000111) 
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TABLE 3-1: CHECKSUM COMPUTATION 

TABLE3-2: 

Ox25E6 atO 

Device Code Protect Checksum• Blank Value and max 
address 

PIC16C84 OFF SUM[OxOOO:Ox3FF] + CFGW & Ox3FFF Ox3BFF Ox07CD 
ON SUM XNOR7[0xOOO:Ox3FF] + CFGW & Ox007F OxFC6F OxFC15 

Legend: CFGW = Configuration Word 
SUM[a:b] = [Sum of locations a to b inclusive] 
SUM_XNOR7[a:b] = XNOR of the seven high order bits of memory location with the seven low order bits summed over 

locations a through b inclusive. For example, location_a = Ox123 and location_b = Ox456, then 
SUM_)(NOR7 [location_a: location_b] = Ox001F. 

*Checksum = [Sum of all the individual expressions] MODULO [OxFFFF] 

TABLE3-3: CONFIGURATION WORD 

PIC16C84 

To code protect: xxxxxxxxoxxx 

Program Memory Segment R/W in Protected Mode R/W In Unprotected Mode 

Conf![uration Word (Ox2007) Read Scrambled, Write Enabled Read Unscrambled, Write Enabled 
All memory. Read Scrambled, Write Disabled Read Unscrambled, Write Enabled 
ID Locations [OX2000 : Ox2003) Read Scrambled, Write Enabled Read Unscrambled, Write Enabled 

Legend: X = Don't care 
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PIC16C84 

4.0 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 Ox2100. The format for data mem
ory storage is one data byte per address location, lsb 
aligned. 

TABLE 4-1: AC/DC TIMING REQUIREMENTS FOR PROGRAMNERIFYTEST MODE 

Standard Operating Conditions 
AC/DC Characteristics, 

Operating Temperature + 1 O"C s TA s + 70°C, unless otherwise stated 
Power Supply Pins 

Operating Voltage 4.5V s Voo s 5.5V, unless otherwise stated. 

Characteristic Sym. Min. Typ. Max. Units Conditions/Comments 

Supply voltage during programming VDDP 4.5 5.0 5.5 v 
Supply voltage during verify VooV Voomin. Voomax. v Note 1 

High voltage on MCLR for test mode entry VIHH 12 14.0 v Note2 

Supply current (from Voo) during program/ IDDP 50 mA 
verify 

Supply current from VIHH (on MCLR) IHH 200 µA 

MCLR rise time (Vss to VHH) for test mode tvHHR 1.0 µs 
entry 

(RB6, RB7) input high level VIH1 0.8 Voo v Schmitt trigger input 

(RB6, RB7) input low level MCLR (test VIL1 0.2 Voo v Schmitt trigger input 
mode selection 

RB6, RB7 setup time (before pattern setup tsetO 100 ns 
time) 

Data in setup time before clock J, tset1 100 ns 

Data in hold time after clock J, thld1 100 ns 

Data input not driven to next clock input tdly1 1.0 µs 
(delay required between command/data or 
command/command) 

Delay between clock J, to clock i of next tdly2 1.0 µs 
command or data 

Clock to data out valid (during read data) tdly3 80 ns 

Note 1: Program must be verified at the minimum and maximum \loo limits for the part. 
Note 2: V1HH must be higher than Voo + 4.5V to stay in programming/verify mode. 
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MICROCHll=I PIC17CXX 
EPROM Memory Programming Specification 

This document includes the programming 
specifications for the following devices: 

• PIC17C42 
• PIC17C43 
• PIC17C44 

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 
program 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-chip test 
program memory space, the program resides in ROM 
and not EPROM. Therefore, it is not erasable. The "pro
gram/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 Reauirements 

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 0.2VDD and 
0.8Voo. See the PIC17C4X datasheet (DS30412A) for 
exact specifications. 

PIN CONFIGURATIONS 

40L PDIP, CERDIP WINDOW PINOUT 

Voo-- 1 40 -RDO/AD8 
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 -MCLR/vpp 
Vss---.. 10 ..... 31 -vss 

RBO/CAP1- 11 ...... 30 -REO/ALE 0 
RB1/CAP2- 12 >< 29 -RE1/0E 

RB2/PWM1 ---- 13 >< 28 -RE21WR 
RB3/PWM2- 14 27 ..__TEST 

RB4/TCLK12 ____._ 15 26 ---RAO/INT 
RB5/TCLK3- 16 25 -RA1fTOCKI 

RBS- 17 24 .....,.RA2 

RB7..._.._ 18 23 ___..RA3 

OSC1/CLKIN --+- 19 22 ..._.. RA4/RX/DT 

OSC2/a.wtJT --- 20 21 -RA5fTX/CK 

PIN DESCRIPTIONS (DURING PROGRAMMING): PIC17C42/43/44 

During Programming 

Pin Name Pin Name Pin Type Pin Description 

RA <0:4> RA <0:4> I Necessary in programming mode 

TEST TEST I Must be set to "high" to enter programming mode 

RB <7:0> PAD <15:8> 1/0 Address & data: high byte 

RC <7:0> PAD <7:0> 1/0 Address & data: low byte 

MCLR/VPP VPP p Programming Power 

VDD Voo p Power Supply 

Vss Vss p Ground 

Legend: I = input, 0 =Output, P = Power 
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PIC17CXX 

The PIC17CXX requires two programmable power sup
plies, one for Voo (2.5V to 6.0V recommended) and 
one for VPP (13 ± 0.5V). Both supplies should have a 
minimum resolution of 0.25V. 

The PIC1 ?CXX uses an intelligent algorithm. The algo
rithm calls for program verification at Voo (min.) as well 
as Voo (max.). Verification at Voo (min.) guarantees 
good 'erase margin". Verification at Voo (max) guaran
tees good "program margin'. Three times (3X) addi
tional 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 (4.75 - 5.25V). 

VDDP = Voo range required during programming. 

Voo min. = minimum operating Voo spec for the part. 
(2.5V) 

Voo max. = maximum operating Vee spec for the part. 
(6.0V) 

Programmers must verify the PIC1 ?CXX 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). 

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 (after 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 exe
cution will begin at that location (the beginning of the 
boot code) following reset. Execution is forced to Inter
nal mode by overriding the fuse configuration. The code 
protect bit is not overwritten. The program immediately 
polls PORT RB<7:0> to determine a branch address. 
Presenting E1h on PORT RB will cause the program to 
jump to and execute the "program/verify" routine. 

All unused pins during programming are in high imped
ance state. 

PORTS (RB) has internal weak pull-ups which are 
active during the programming mode. When TEST pin 
is high, Power-up timer (PWRT) and Oscillator Start-up 
Timers (OST)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 loca
tion or to increment and verify the next location. 

FIGURE 2-1: PROGRAMMINGNERIFY STATE DIAGRAM 

DS30139G-page 3-38 

Pulse RA1 
(Raise RA1 
afterRAOJ-) 

Pulse RAO 
(RAO pulse 
width is 
programming time) 
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Programming Specification 

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) and the RA 1 is pulsed 
(0 ~ 1, then 1 ~ 0). The address is latched on the ris
ing edge of RA 1. See timing diagrams for details. After 
loading an address, the program automatically goes 
into a "verify cycle". To load a new address at any time, 
the PIC17C4X must be reset and the programming 
mode re-entered. 

2.1.2 VERIFY (OR READ) MODE 

"Verify mode" can be entered from "Load address" 
mode, "program mode" or "verify mode". In verify mode 
pulsing RA 1 will turn on PORTS RB and RC output 
drivers and output the 16-bit value from the current 
location. Pulsing RA 1 again will increment location 
count and be ready for the next verify cycle. Pulsing 
RAO will begin a program cycle. 

FIGURE 2·2: PIC17C4X PROGRAM MEMORY MAP 

0000 

07FF 

FEOO 
FEOF 

FFFF 

On chip 
Program 
EPROM 

Configuration 
Word 
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2.1.3 PROGRAM CYCLE 

"Program cycle" is entered from "verify cycle" or pro
gram cycle" itself. After a verify, pulsing RAO will begin 
a program cycle. 16-bit data must be presented on 
PORTS RB (high byte) and RC (low byte) before RAO 
is raised. 

The data is sampled 3 TCY after the rising edge of RAO. 
Programming continues for the duration of RAO pulse. 

At the end of programming the user can choose one of 
three different routes. If RA 1 is kept low and RAO is 
pulsed again, the same location will be programmed 
again. This is useful for applying over programming 
pulses. If RA 1 is raised before RAO falling edge, then a 
verify cycle is started without address increment. Rais
ing RA 1 after RAO goes low will increment address and 
begin verify cycle on the next address. 

FOSCO FEOO 

FOSC1 FE01 

WDTPSO FE02 

WDTPS1 FE03 

PMO FE04 

Reserved FE05 

PM1 FE06 

Reserved FE07 

PM2 FEOS 

FE09 
Reserved 

FEOF 
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PIC17CXX 

3.0 PROGRAMMING SPECIFICATIONS 

FIGURE 3-1: PROGRAMMING ROUTINE FLOWCHART 

Reset 

RA2=0 
RA3=0 
RA4= 1 

MCLR= 1 
B port= OxE1 

(hold for 10 Tcy) 

Present address on ports 
RB, RC hold Tcy 

after RA 1 changes to 1 

B port = MSB of Data 
C port = LSB of Data 
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Read MSB of data 
from port-B. 

Read LSB of data 
from port-C. 

Enable RAO to end 
prog cycle 

Program 16 bit 
data 

B port= xxx 

B & C ports not 
driven by part 

If programming is desired, 
force port B = MSB of data 
force port C = LSB of data 

(hold 1 OTcyc after 
RAO is raised) 

Increment 
Address 

- B port is forced by the part 

- B port is tri-state, should be forced by user 

Min RA1 high or/ow= 10 Tcy 
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PIC17CXX 

FIGURE 3-5: POWER-UP/DOWN SEQUENCE FOR PROGRAMMING 

,,---------_______,_(,___ __ ~ 
VDD ---~ ) tvpL2vcl ~~--

: tvcV2tsH ! s "' "': :... ..: L -
VPPIMCLR ----+----~-~f,_.: ______ _,, ,,_ ______ _..,~-------

TEST ------~1:~-~---------s '<----------~..___ __ _ 

RA4 

~ RA2 ----~:~ ....... !-~-~~------")'<---------------
' ' ' ' 

RA3 ---~~-"-"-'"-"'i-:-r--~~---~s'>-------------~ 
' ' ' ' : ' 

~': RAO -----"~'l-"-''-"-'=-~-___,,_,_ ______ ~s-.---------------
: ~ :-4-

tirV2tsH 

RB<7:0> ----~-----<~ 
trbV2mcH -.-! 
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FIGURE 3-6: 

Programming Specification 

RECOMMENDED PROGRAMMING ALGORITHM 

load new data 

Set Voo = VooP 

Program using 1 OOµs 
pulse increment 

pulse-count 

Verify location for 
correct data 

Issue "Blank check fail" 
error message 

Programming error: 
Issue error message 

"Fail verify @ Voo minimax• 

Yes 

No 

Set Voo = Voo max. 
Verify location(s) 

Set Voo = Voo min 
Verily location 

Yes Apply (3 x Pulse-count) 
,_ ________ _..,more 100 µs programming 

No 

Location fails 
programming, issue error 

message "Unable to 
program localion• 

pulses for margin 
(Over programming) 
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PIC17CXX 

4.0 CONFIGURATION WORD 
Configuration bits are mapped into program memory. 
Each bit is assigned one memory location. In erased 
condition a bit will read as '1 '.To program a bit, the user 
needs to write to the memory address. The data is 
immaterial; the very act of writing will program the bit. 
The configuration word locations are shown in Table 4-1. 
The programmer should not program the reserved 
locations to avoid unpredictable results and to be 
compatible with future variations of the PIC17C4X 
It is also mandatory that configuration locations 
are programmed in the strict order starting from the 
first location (OxFEOO) and ending with the last 
(OxFE08). Unpredictable results may occur if the 
sequence is violated. 

4.1 Reading Configuration Word 

The PIC17CXX has seven configuration locations (see 
Table 4-1). These locations can be programmed (read 
as 'O') or left unprogrammed (read as '1 ') to select vari
ous device configurations. Any write to a configuration 
location, regardless of the data, will program that con
figuration bit. Reading any configuration location 

betwe.en OxFEOO and OxFE07 will place the low byte of 
the configuration word (see Table 4-2) into PAD<7:0> 
(PORTC). PAD<15:8> (PORTS) will be set to OxFF. 
Reading a configuration location between OxFE08 and 
OxFEOF will place the high byte of the configuration 
word into PAD<7:0> (PORTC). PAD<15:8> (PORTS) 
will be set to OxFF. 

TABLE 4-1: 

Bit 

FOSCO 

FOSC1 

CONFIGURATION BIT 
PROGRAMMING LOCATIONS 

Address 

OxFEOO 

OxFE01 

WDTPSO OxFE02 

WDTPS1 OxFE03 

PMO OxFE04 

PM1 OxFE06 

PM2t OxFE08 

tThis location does not exist on the PIC17C42. 

TABLE 4-2: READ MAPPING OF CONFIGURATION BITS 

15 14 13 12 11 10 9 8 

1 1 I I 1 

15 14 13 12 11 10 9 8 

I 1 I 1 I 1 I 

~unused 

PM<2:0>, Processor Mode Select bits 

111 =Microprocessor Mode 

11 O=Extended microcontroller mode 

101 =Microcontroller mode 

000 =Code protected microcontroller mode 

WDTPS<1 :0>, WDT Prescaler Select bits. 

11 =WDT enabled, postscaler = O 

10 =WDT enabled, postscaler = 256 

01=WDT enabled, postscaler = 64 

OO=WDT disabled, 16-bit overflow timer 

FOSC<1 :0>, Oscillator Select bits 

11 =EC oscillator 

1 O=XT oscillator 
t This bit does not exist on PIC17C42. 
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Programming Specification 

TABLE 4-3: 

Device Code Protect Checksum• 
Blank OxCODE at 0 and 
Value max address 

PIC17C42 MP mode SUM[OxOOO:Ox7FF] + CFGW & OxFFFF OxF7FF Ox79BD 
MC mode SUM[OxOOO:Ox7FF] + CFGW & OxFFFF OxF7EF Ox79AD 

EMC mode SUM[OxOOO:Ox,?FF] + CFGW & OxFFFF OxF7BF Ox797D 
PMCmode SUM_XNOR8[0xOOO:Ox7FF] + CFGW & OxFFFF OxF7AF OxF723 

PIC17C43 MP mode SUM[OxOOO:QxFFF] + CFGW • Ox015F OxF15F Ox731D 
MC mode SUM[OxOOO:OxFFF] + CFGW • Ox015F OxF14F Ox730D 

EMC mode SUM[OxOOO:OxFFF] + CFGW • Ox015F OxF11F Ox72DD 
PMCmode SUM_XNORS[OxOOO:OxFFF] + CFGW • Ox015F OxFOOF Ox03D3 

PIC17C44 MP mode SUM[OxOOO:Ox1 FFF] + CFGW • Ox015F OxE15F Ox631D 
MC mode SUM[OxOOO:Ox1 FFF] + CFGW • Ox015F OxE14F Ox630D 

EMC mode SUM[OxOOO:Ox1 FFF] + CFGW • Ox015F OxE11F Ox62DD 
PMC mode SUM XNOR8[0xOOO:Ox1 FFF] + CFGW • Ox015F OxEOOF OxA3D3 

Legend: CFGW = Configuration Word 
SUM[a:b] =[Sum of locations a to b inclusive] 
SUM_XNORS(a:b) =[Sum of 8-bit wide XNOR copied into upper and lower byte, 

of locations a to b inclusive] 
*Checksum =[Sum of all the individual expressions] MODULO [OxFFFF] 

TABLE 4-4: CONFIGURATION WORD 

PIC17C42 

To code protect: 

• Protect all memory xxxxxxxoxoxoxxxx 

Program Memory Segment R/W in Protected Mode R/W in Unprotected Mode 

Configuration Word (OxFEOO) Read Scrambled, Write Enabled Read Unscrambled, Write Enabled 

All memory Read Scrambled, Write Disabled* Read Unscrambled, Write Enabled 

PIC17C43 

To code protect: 

• Protect all memory xxxxxxxoxoxoxxxx 

Program Memory Segment R/W in Protected Mode R/W in Unprotected Mode 

Configuration Word (OxFEOO) Read Scrambled, Write Enabled Read Unscrambled, Write Enabled 

All memory Read Scrambled, Write Disabled* Read Unscrambled, Write Enabled 

PIC17C44 

To code protect: 

• Protect all memory xxxxxxxoxoxoxxxx 

Program Memory Segment R/W in Protected Mode R/W in Unprotected Mode 

Configuration Word (OxFEOO) Read Scrambled, Write Enabled Read Unscrambled, Write Enabled 

All memory Read Scrambled, Write Disabled* Read Unscrambled, Write Enabled 
Legend: X = Don't care 

*Write to on-chip EPROM memory is disabled. The only way these locations can be programmed is if a TABLWT instruc
tion is issued from an "on-chip" program memory space to program an on-chip memory location. 
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5.0 AC/DC SPECIFICATIONS FOR PROGRAMMING 
Standard Operating Conditions 

Operating Temperature+ 10"C :5 TA :5 +70°C, unless otherwise stated 

Operating Voltage 4.75V :5 Voo :5 5.25V, unless otherwise stated. 

Characteristic Sym. Min. Typ. Max. Units Conditions 

Programming voltage on VPP 12.5 13.5 v Note 1 
VPP/MCLR pin 

Programming current on IPP 25 50 mA Note3 
VPP/MCLR pin 

Supply voltage during programming VDDP 4.75 5.0 5.25 v 
Osc/clockin frequency during pro- FOSCP 4 10 MHz 
gramming 

Instruction cycle Tcv 1 0.4 µs Tcv = 4/FoscP 

Supply current during programming IDDP 30 mA Freq = 1 OMHz, VDD = 5.5V 
Note3 

Supply voltage during verify Voov Voomin. Voomax. v Note2 

RAO, RA 1, RA2, RA3, RA4 setup tirV2tsH 1 µs 
before TESTi 

TESTi to MCLRi ttsH2mcH 1 µs 

RC<7:0>, RB<7:0> valid to RA 1 or tbcV2irH 0 µs 
RAOi :Address/Data input setup 
time 

RA 1 or RAOi to RB<7:0>, RC<7:0> tirH2bcl 10Tcv µs 
invalid ; Address data hold time; 

RT J, to RB<7:0>, RC<7:0> high tockiL2rbcZ 8 TCY 
impedance 

RA 1 i to data out valid t0ckiH2bcV 10TCY 

Programming pulse width tprog 10 100 1000 µs 

RAO, RA 1 high pulse width tirH2irL 10TCY µs 

RAO, RA 1 low pulse width tirL2irH 10Tcv µs 

RA 1 i before INT J, (to go from prog tOckiV2inL 0 µs 
cycle to verify w/o increment) 

RA 1 valid after RAO (to select incre- tinl2rtl 10Tcv µs 
ment or no increment going from 
program to verify cycle 

VPP setup time before RAOi tvpps 100 µs Note 1 

VPP hold time after INTJ. tvpph 0 µs Note 1 

Voo stable to TESTi tvdV2tsH 10 ms 

RB input (E1h) valid to VPP/MCLRi trbV2mcH 0 µs 

RB input (E1h) hold after VPP/ tmcH2rbl 10Tcv ns 
MCLRi 

Voo power down after VPP power tvpL2vdL 10 ms 
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 VDD limits for the part. 
Note 3: These parameters are for design guidance only and are not tested nor characterized. 
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SQTP™ Specification 
for PIC16C5X/5XA 

Serialized Quick Turn Programming Specification for PIC16CSX/SXA 

OVERVIEW 

Serialization is a method of programming PIC16C5X 
and PIC16C5XA 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 pro
grammed with a different number (referred to as 'key' or 
'ID number' or 'serial number') in each member. Typical 
applications of such programming are remote transmit
ters 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 

Other device types are being added. Please consult a 
Microchip representative or Microchip sales person. 

Device Oscillator Type Package 

PIC16C54 XT, RC, LP, HS PDIP,SOIC, 
SSOP 

PIC16C55 XT, RC, LP, HS PDIP, SOIC, 
SSOP 

PIC16C56 XT, RC, LP, HS PDIP, SOIC, 
SSOP 

PIC16C57 XT, RC, LP, HS PDIP, SOIC, 
SSOP 

PIC16C54A XT, RC, LP, HS PDIP, SOIC, 
SSOP 

PIC16C58A XT, RC, LP, HS PDIP,SOIC, 
SSOP 

© 1995 Microchip Technology Inc. 

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 pro
gramming. Hex files must be in Intel hex 8-bit merged 
format. See Appendix B for details. 

2.2 Numberina 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 
requested length (e.g. 32-bit long if four locations are 
used) starting with a 'seed value' selected by the fac
tory. The customer may optionally specify the starting 
value. 

Pseudo-random sequences, by definition are non
repeating. See Appendix C for polynomials used to 
generate the numbers. 

Sequential: Sequential numbers are generated. User 
specifies the "starting number" and an increment value. 
In sequential numbering, the least significant digit is in 
the lowest memory location. The increment value must 
be between 1 and 255. 

Numbers are always in hex and not in BCD or any other 
format. 
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3.0 PROGRAMMING SEQUENCE 
The factory will program the "basic code' first, then pro
gram the serial number and finally program the code
protection fuse. Program memory will be verified at 
each 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 pro
grammed 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 
protection is requested, then one of the three samples 
will be code protected. 
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5.0 THE FOLLOWING LIMITATIONS 
APPLVTOTHE SQTP 
PROGRAM 

1. During shipment of serialized parts; no particu
lar 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 
maintained 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 number for the next shipment. 
The customer should be prepared to provide a 
"new starting number' in the event the flow is 
disrupted due to unforeseen events. 
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Programming Specification 

APPENDIX A: 
Implementing a table in the program memory of 
PIC16C5X and PIC16C5XA: 

The PIC16C5X and the PIC16C5XA family uses Har
vard architecture, in which the program memory is sep
arate from data memory. All instructions operate on 
data that is fetched from the register file or data mem
ory. Since there are no instructions to read from or write 
to the program memory, simply storing data words in 
program memory is of no use. There is, however, a sim
ple 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 
RETLW OFFh 
RETLW OFFh 
RETLW OFFh 
RETLW OFFh 
RETLW OFFh 
RETLW OFFh 
RETLW OFFh 
RETLW OFFh 

main_prog ORG XYZ 

MOVLW byte_num 

CALL get_1byte; 

get_1byte MOVWF PC 

END 

;store serial numbers 

;end of serial 
;numbers 

;This is main program 

;byte_num = O for 1st 
;byte 

;write W to program 
;counter 
;W = offset = 0 for 
;1st byte 
;end of get_1byte sub 
;routine 

© 1995 Microchip Technology Inc. 

The next example shows how a serial number may 
reside at location other than OOOh. 

main_prog ORG XYZ ;This is main program 

MOVLW byte_num ;byte_num 0 for 1st 
;byte 

CALL get_lbyte; 

get_1byte ADDWFPC ;W offset 
RETLW Offh 
RETLW Offh 
RETLW Offh 
RETLW Offh 
RETLW Offh 
RETLW Offh 
RETLW Offh 
RETLW Offh ;end of serial 

;numbers 

END 
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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 and the 
PIC16C5XA have 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, PIC16C5XA instruction 
words). The format is as follows: 

:NNAAAATTHHHHHH ...... 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 
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APPENDIXC: 
Pseudo-random numbers are generated using modulo-
2 primitive polynomials. This method guarantees 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 pat
tern (the only combination not used is all O's), one can 
get 2n-1 . random bits before the sequence repeats 
itself. Microchip 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: 

8 bit: x8 + x4 + x3 + x2 + 1 

16 bit: x16 + x5 + x3 + x2 + 1 

24 bit: x24 + x4 + x3 + x + 1 

32 bit: x32 + x7 + x5 + x3 + x2 + x + 1 

40 bit: x40 + x5 + x4 + x3 + 1 

48 bit: x48 + 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 XORing the 
non-zero bits of the polynomial (shown as a shift regis
ter below) and shift on the resetting bit back into the 
shift register. 

\ 8 \ 7\6\5\ffiIT\1 \-lol 
I ~~· ~~~:r~ 
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SECTION 4 
LOGIC PRODUCTS 

AY0438 32-Segment CMOS LCD Driver ......................................................................... 4-1 
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MICROCHIP AY0438 
32-Segment CMOS LCD Driver 

FEATURES 

• Drives up to 32 LCD segments of arbitrary config
uration 

• CMOS process for: wide supply voltage range, 
low- power operation, high-noise immunity, wide 
temperature range 

• CMOS and TTL-compatible inputs 
• Electrostatic discharge protection on all pins 

• Cascadable 

• On-chip oscillator 

• Requires only three control lines 

APPLICATIONS 

• Industrial displays 

• Consumer product displays 

• Telecom product displays 

• Automotive dashboard displays 

DESCRIPTION 

The AY0438 is a CMOS integrated device 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 AY0438 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 
AY0438 devices can be cascaded. The AC frequency of 
the LCD waveforms can either be supplied by the user 
or generated by attaching a capacitor to the LCD input, 
which controls the frequency of an internal oscillator. 

The AY0438 is available in 40-lead dual in-line plastic 
and 44-lead PLCC packages. Unpackaged dice are 
also available. 

© 1995 Microchip Technology Inc. 

I 
PIN CONFIGURATION 

40-Lead Dual In-line 

Voo_... 
LOAD__. 

SEG32-
SEG31-

SEG30-
SEG29-
SEG2B-
SEG27-

SEG26-
SEG25-
SEG24-
SEG23-
SEG22-
SEG21-
SEG20-
SEG19-
SEG18-
SEG17-
SEG16-
SEG15-

44 PLCC 

SEG29-
SEG28-
SEG27-
SEG26-
SEG25-
SEG24-
SEG23-
SEG22-
SEG21-
SEG20-
SEG19-

1 
2 
3 

6 
7 

co 
C") 

10 oqo 
11 0 
12 ~ 
13 
14 

15 
16 
17 
18 

19 
20 

0 

AY0438 

31 

21 

-CLOCK 
___..SEG1 
___..SEG2 
___..SEG3 

~vss 

___..DATAOUT 

-DATA IN 
___..SEG4 
___..SEG5 
-LCD<!> 

-sP 
___..SEG6 
___..SEG7 
___..SEGB 
___..SEG9 
___..SEG10 
___..SEG11 
___..SEG12 

-+-SEG13 
-+-SEG14 

39 NC 
38 -DATAOUT 
37 -DATAIN 
36 -sEG4 
35 -SEG5 
34 -LCD<ll 
33 -sp 
32 -sEG6 
31 -sEG7 
30 -sEGS 
29 NC 
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FIGURE 1: PIN DESCRIPTIONS 

Pin # (PDIP Only) Name Direction Description 

1 VDD 

2 Load 

3-29, 32, 33, 37-39 Seg 1-32 

30 BP 

31 LCDCI> 

34 Data In 

35 Data Out 

36 Vss 

40 Clock 

FIGURE 2: BLOCK DIAGRAM 

Data in,._...,---------. 
Oock.,.....,.,_ __ ~--=..:.;_i Data out 

'-=====!>32 Outputs 

LCDcl> 
,__ _______ .,,Backplane 

output 

FIGURE 4: TIMING DIAGRAM 

CLOCK 

-
Input 

Output 

Output 

Input 

Input 

Output 

Ground 

Input 

Supply voltage 

Latch data from registers 

Direct drive outputs 

Backplane drive output 

Backplane drive input 

Data input to shift register 

Data output from shift register 

Ground 

System clock input 

FIGURE 3: BACKPLANE AND SEGMENT 
OUTPUT 

SEGOn 

Backplane 

SEG Off 

;.-.-- 1/f ----: 
' ' 

START 

SEG32 ><:~ x Data in __ __JX SEG2 x ~G1 c 
: tos toH 

--->C8_________.X ! X.____ Data out 

--.:tPo:.-
Load ------------=>«----------~FtPw=l_ 

1.0 OPERATION: 

1.1 Data In and Clock 

The shift register shifts and outputs on the falling edge 
of the clock. Every clock falling edge does a logical left 
shift. As an example, if 32 clock pulses are supplied as 
in Figure 4, then the data input at the first clock will out
put at SEG 32, and the last data input(# 32) will output 
at SEG 1 when a LOAD signal is enabled (Figure 2). It 
is recommended that a complete 32 bit transfer be 
done every time the outputs are updated. A logic 1 at 
the Data In causes the corresponding segment to be 

DS700101-page 4-2 

enabled or visible, i.e. the output at Segment Output is 
180° out-of-phase with the Backplane output 
(Figure 3). 

1.2 Load 

A logic 1 at the Load input (Figure 2) causes the parallel 
load of the data in the shift register into the latches that 
control the segment drivers. If the Load signal is tied 
high, then the latches become transparent and the seg
ment drivers are always connected to the shift regis
ters. 
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1.3 LCD<!> 

LCD$ can be driven by an external signal or by con
necting a capacitor between LCD$ and ground (GND), 
which will enable the on-chip oscillator required to gen
erate the backplane output voltage. Figure 5 shows the 
relationship between capacitance value and output fre
quency. Leaving the LCD$ input unconnected is not 
recommended. When driven by an external clock, the 
backplane output is in phase with the input clock. When 
cascading two AY0438 devices (Figure 6 and Figure 7), 
the backplane output can be generated using a capac
itor to GND on the first AY0438. This backplane output 
can then be connected to the LCD$ input of the second 
AY0438. The backplane output of the second device is 
then used to drive the backplane of the LCD module. 

FIGURE 6: CASCADING lWO AV0438 DEVICES 

Data 
in Clock 

Load 

32-bit Static Shift Register 

32 Latches 

Backplane 
output 

Data 
out 

AY0438 

FIGURE 5: OSCILLATOR FREQUENCY 
GRAPH (TYPICAL @ 25°C) 

140 

N' 120 
~ 

g 100 
Cl> 

t 
Cl> 80 
iii l 60 

40 --
0 20 40 60 80 100 120 

Data 
in Clock 

Load 

LCD<!> 

CL(pF) 

32-bit Static Shift Register 

32 Latches 

Backplane 
out ut 

Data 
out 

Clocko-~c------------------~ 
Loado---<t-------------------~ 

FIGURE 7: CASCADE TIMING DIAGRAM 

;...__ 111----: 

CLOCK 

START 

Data in -------~x SEG 64 
~G1 x= 

IDS IDH 

Data out ~X~-
__..: tPD :...-

Load ----------------r<.>-----------------'F=,___t_P_W_==i__~ 
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1.4 General 1.5 lntertacing to a LCD Mo<lule and 
PIC16CXX Device 

In order to avoid any race conditions, the Data In and 
Load sig11als should not be changed during a falling 
edge of the Clock. Figure 4 and Figure 7 show a typical 
timing diagram .for a 32 segment and 64 segment LCD 
module. 

Figure 8 shows a typical layout of an AY0438 con
nected to a LCD module and interfaced to a PIC16CXX 
family device. Example 1 lists code used to program the 
PIC16CXX device. This code was complied using 
MPASM. 

FIGURE 8: INTERFACING TO A LCD MODULE AND PIC16CXX DEVICE 

AY0438 SEG1 SEGA 

..1 
SEGF A LCD 

SEG7 
SEGG ~~~8 88 Backpl 

SEG6 
SEGE t--

SEG5 

ane 

D 

PIC16CXX SEG4 SEGO 
J Jj 

SEG3 SEGC 
SEGB RBO Clock SEG2 

{ 7 

RB1 Data In SEG9-15 7 

RB2 Load SEG19-23 

RB7~~ 
SEG25-31 

Backplane 

:ii-:- LCD<!> 

EXAMPLE 1: EXAMPLE CODE 
;************************************************************************* 
;This program shows an interface between a PIC16CXX device 
;and the AY0438 LCD controller .to control a 7 Segment 
;4 digit LCD module. 
;The PIC16CXX interface to the AY0438 Hardware: 

PORTB bit 0 --> CLK 
PORTB bit 1 --> DATA IN 
PORTB bit 2 --> LOAD 

;The LCD module is connected to 
Most Significant digit 
3rd Significant digit 
2nd Significant digit 
Least Significant digit 

05700101-page 4-4 

the AY0438 as follows: 
--> segl to seg7 
--> seg9 to seg15 
--> seg17 to seg 23 
--> seg25 to seg 31 
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;The DP are not connected, but can be connected to seg8, 16, 24 & 32. 
;For each digit, the segments are connected as: 

Seg A --> seg(8*n + 1) 
Seg E --> seg(8*n + 2) 
Seg c --> seg(8*n + 3) 

Seg D --> seg(8*n + 4) 
Seg E --> seg(8*n + 5) 
Seg F --> seg(8*n + 6) 
Seg G --> seg(8*n + 7) 

;where n = 0, 1, 2 and 3 for MSD, 3rdSD, 2ndSD and LSD respectively. 
;The firmware uses the values in registers: 

MSD, THRDSD, SCNDSD and LSD to determine the values to be 
;pulsed to the AY0438. 
;In this example, a pushbutton connected to PORTE bit 7 
;is checked periodically to see if it has been pressed. If so, 
;the LCD values in locations MSD to LSD are updated. 
;************************************************************************* 

MSD 
THRDSD 
SCNDSD 
LSD 
count 
temp 
PORTE 
#define 
#define 
#define 
#define 
w 
STATUS 
c 
RPO 
OPTION 
REPU 
PCL 
PCLATH 

list p=16c71,f=inhx8m 

equ Ox20 
equ Ox21 
equ Ox22 
equ Ox23 
equ Ox24 
equ Ox25 
equ Ox06 
CLK PORTE,0 
DATAIN PORTE,1 
LOAD PORTE,2 
UPDATELCD PORTE,7 
equ 
equ 
equ 
equ 
equ 
equ 
equ 
equ 

org 
goto 
org 

0 
Ox03 
0 
5 
Ox81 
7 
Ox02 
OxOA 

0 
start 
OxlO 

;This DecodeValue table must reside in page 0 for this program to work 

DecodeValue 
addwf PCL 
retlw E' 00111111' ;decode for 0 
retlw E'00000110' ;decode for 1 
retlw E'01011011' ;decode for 2 
retlw E'OlOOllll' ;decode for 3 
retlw E' 01100110' ;decode for 4 
retlw E' 01101101' ;decode for 5 
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retlw 
retlw 
retlw 
retlw 

start 
clrf 
bsf 
movlw 
movwf 
bcf 
bcf 

wait 
btfsc 
goto 
bcf 
movf 
clrf 
call 
call 
movf 
call 
call 
movf 
call 
call 
movf 
call 
call 
bsf 
bcf 

KeyReleased 
btfss 
goto 
goto 

B' 01111101' 
B'00000111' 
B' 01111111' 
B' 01101111' 

PORTB 
STATUS,RPO 
B'lllllOOO' 
PORTB 
OPTION,RBPU 
STATUS,RPO 

UPDATELCD 
wait 
LOAD 
LSD,w 
PC LATH 
DecodeValue 
Send8 
SCNDSD,w 
Decode Value 
Send8 
THRDSD,w 
DecodeValue 
Send8 
MSD,w 
DecodeValue 
Send8 
LOAD 
LOAD 

UPDATELCD 
KeyReleased 
wait 

;decode for 6 
;decode for 7 
;decode for 8 
;decode for 9 

;set portb 0,1&2 as outputs 
I 
I 

;enable pull-up for switch 

;see if update switch is low 
;no then wait 
;make sure load is disabled 
;get least significant value 
;PCH = 0 
;decode the value 
;serially output the seg values 
;get 2nd significant digit 
;decode it 
;serially output it 
;get 3rd significant digit 
;decode it 

;get Most significant value 
;decode it 
;serially send it 
;toggle the LOAD line 
;to enable the latches 

;wait for key to be released 

;repeat loop. 

;Send8, sends the 8 bits in the W register 
Send8 

movwf 
movlw 
movwf 

sendloop 
bcf 
rrf 
btfsc 
bsf 
bsf 
bcf 
decf sz 
goto 
return 

end 
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temp 
.8 
count 

DATAIN 
temp 
STATUS,C 
DATAIN 
CLK 
CLK 
count 
sendloop 

;save in temp 
;init count 
;to 8 

;make sure DATAIN is low 
;rotate value through carry 
;if bit clear then skip 
;else set data bit 
;toggle clock 

I 
;see if 8 done 
;no then do all 
;else return 
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2.0 ELECTRICAL CHARACTERISTICS 
Maximum Ratings• 

Voo .............................................................................................................................................................. -a.3V to + 12V 

Inputs (CLK, Data In, Load) .................................................................................................................. \t:c to Voo +a.3V 

LCD<!> Input ......................................................................................................................................... -a.3V to \bo +a.3V 

Power Dissipation ................................................................................................................................................. 25a mW 

Storage Temperature ............................................................................................................................... -65°C to + 125°C 

Operating Temperature Industrial ............................................................................................................... -4a·c to +85°C 

• Exceeding these ratings could cause permanent damage to the device. This is a stress rating only and functional oper
ation 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 reliability. 

Data labeled "typical" is presented for design guidance only and is not guaranteed. 

TABLE 2: DC CHARACTERISTICS 

VDD = +5V unless otherwise noted, TA = 4a0 c to +85°C 

Characteristics Sym Min Typ Max Units Conditions 

Supply Voltage VDD +3.a - +8.5 v 

Supply Current loo - 25 6a µA LCD<!> OSC < 15 kHz 

- 13 3a µA LCD<!> OSC < 1aa Hz 

Input High Level VIH a.5 VDD - Voo v 

Input Low Level Clock VIL1 a - a.1 VDD v 3.av $ Voo $ 8.5V 

Data, V1L2 a - a.1 Voo v 3.av $ Voo $ 8.5V 

Input Leakage Current Load IL - a.a1 ±1a µA VtN =av and +5.aV 

In put Capacitance C1 - - 5.a pF VDD =+5.aV 

Segment Output Voltage VOH a.8 Voo - Voo v IOH = -1aa µA 

VOL a - a.1 Voo v IOL= 1aa µA 

LCD<!> Input High Level VIN a.9 VDD - Voo v 

LCD<!> Input Low Level VIL a - a.1 Voo v 

LCD<!> Input Leakage IL - - 1a µA VIN =av and +5.aV 

Voo = +5.aV 

TABLE 3: AC CHARACTERISTICS 

Characteristics Sym Min Typ Max Units Conditions 

Clock Rate f DC - 1.5 MHz 5a% duty cycle 

Data Set-up Time IDS 15a - - nsec Data change to Clk falling edge 

Data Hold Time tDH 5a - - nsec 

Load Pulse Width tPW 175 - - nsec 

Data Out Prop. Delay !PD - - 500 nsec CL= 55 pF 
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AV0438 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 

1!- p 
L 
s 

Plastic DIP 
PLCC 
Die in Waffle Pack 

'--------i_J Temperature O"C to +70"C l Range: 40"C to +85"C 

'------------1~ Device: 32 Segment LCD Driver 

Sales and Supoort 

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

1. Your local Microchip sales office. 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip's Bulletin Board, via your local CompuServe number (CompuServe membership NOT required). 
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 cell 1-800-755-2345or1-602-786-7302. 
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SECTION 5 
DEVELOPMENT SYSTEMS 

AND SOFTWARE TOOLS 

DEVELOPMENT SYSTEMS: 
System Support 
Microchip BBS 
PICMASTER® 
PRO MATE™ 
PICSTART®-16B1 
PICSTART-16C 
PICDEM-1 
PICDEM-2 

SOFTWARE TOOLS: 
MPASM 
MPSIM 
MP-C 
fuzzyTECH®-MP 

Development System Selection Chart ................................................................ 5-1 
Microchip Bulletin Board Service ........................................................................ 5-3 
PICMASTER Universal In-Circuit Emulator System ........................................... 5-5 
Universal Device Programmer ......................................................................... 5-11 
PIC16CXX Low-Cost Microcontroller Development System ............................ 5-15 
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MICROCHIP System Support 
Development System Selection Chart 

PIC16/17 Microcontroller 
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PRODUCT u u u u u u u u a: a: a: a: a: a: a: a: a: a: a: a: a: a: a: a: a: a: a: 
Emulator Systems 

PICMASTER®-168 x 
PICMASTER-16C x 
PICMASTER-160 x x x x x x 
PICMASTER-16E x 
PICMASTER-16F x x x 
PICMASTER-16G x 
PICMASTER-16H x x x • PICMASTER-17 x 
Development Kits 

fuzzyTECH®-MP x x x x x x x x x x x 
PICSTART®-1681 x x x x x x x x x 
PICSTART-16C x x x x 
PRO MATETM x x x x x x x x x x x x x x x x x x x 
Emulator Probe Kits 

PICPROBE-168 x 
PICPR08E-16C x 
PICPR08E-160 x x x x x x 
PICPROBE-16E x 
PICPROBE-16F x x x 
PICPROBE-16G x 
PICPROBE-16H x x x 
PICPROBE-17A x 
Demonstration Boards 

PICOEM-1 x x x x x x x x x x x x x x x 
PICOEM-2 x x x x 
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System Support 

Compatible & Universal 

Product Description PIC16CSX PIC16CXX PIC17CXX 

MPASM Universal Assembler x x x 
MPSIM Software Simulator x x x 
MP-C CCompiler x x x 
fuzzy TECH® Fuzzy Logic Development Kit x x x 
PICSTART® Low Cost Development Kit x x -
PRO MATE™ Universal Programer/Development Kit x x x 
PICMASTER® Universal In-Circuit Emulator x x x 
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MICROCHIP MICROCHIP BBS 
Microchip Bulletin Board Service 

Get current information and help on Microchip's Bulle
tin Board Service (BBS)! Microchip wants to provide 
you with the most responsive service possible. To 
accomplish this, the systems team monitors the BBS, 
posting the latest component data and software tool 
updates, providing technical help and embedded sys
tems insights, and discussing how Microchip products 
provide project solutions. Extend your technical groups 
staff with microcontroller and memory experts through 
Microchip's BBS communication channel. 

SYSTEMS INFORMATION AND 
UPGRADE HOT LINE 

The Systems Information And Upgrade Line provides 
system users a listing of the latest versions of all of 
Microchip's development systems software products. 
Plus, this line provides information on how customers 
can receive any currently available upgrade kits. The 
Hot Line Numbers are: 1-800-755-2345 for U.S. and 
most of Canada, and 1-602-786-7302 for the rest of the 
world. 

These phone numbers are also listed on the "Important 
Information" sheet that is shipped with all development 
systems. The hot line message is updated whenever a 
new software version is added to the Microchip BBS, or 
when a new upgrade kit becomes available. 

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 services, therefore, you do not need 
CompuServe membership to join Microchip's BBS. 

There is no charge for connecting to the BBS, except 
for a toll charge to the CompuServe access number, 
where applicable. You do not need to be a CompuServe 
member to take advantage of this connection (you 
never actually log in to CompuServe). 

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 
service allow multiple users at baud rates up to 14400 
bps. 

© 1995 Microchip Technology Inc. 

The following connect procedure applies in most loca
tions. 

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

2. Dial your local CompuServe access number. 

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

4. Type+,depress<Enter.J>andHost Name: will 
appear. 

5. Type MCHIPBBS, depress <Enter.J> and you 
will be connected 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 9600-14400 baud connection. After the system 
responds with Host Name:, type NETWORK, depress 
<Enter .J> and follow CompuServe's directions. 

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

USING THE BULLETIN BOARD 

The bulletin board is a multifaceted tool. It can provide 
you with information on a number of different topics. 

• Special Interest Groups 

• Files 

• Mail 

• Bug Lists 

Special Interest Groups 

Special Interest Groups, or SIGs as they are commonly 
referred to, provide you with the opportunity to discuss 
issues and topics of interest with others that share your 
interest or questions. SIGs may provide you with infor
mation not available by any other method because of 
the broad background of the PIC16/17 user community. 

There are SIGs for most Microchip systems, including: 

• MPASM • MPSIM 
• PICMASTER® • TRUE GAUGE™ 
• PRO MATE™ • fuzzyTECH®-MP 
• PICSTART® • ASSP 
• Utilities • MTE 1122 
• Bugs 

These groups are monitored by the Microchip staff. 
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Note: The SIGs provide you with the opportu
nity· to discuss issues and exchange 
ideas. Technical support and urgent 
questions should be referred to your local 
distributor, sales representative or FAE. 
They are your first level of support. 

Files 

Microchip regularly uses the Microchip BBS to distrib
ute technical information, application notes, source 
code, errata sheets, bug reports, and interim patches 
for Microchip systems software products. Users can 
contribute files for distribution on the BBS. For each 
SIG, a moderator monitors, scans, and approves or dis
approves files submitted to the SIG. No executable files 
are accepted from the user community in general to 
limit the spread of computer viruses. 

Mail 

The BBS can be used to distribute mail to other users 
of the service. This is one way to get answers to your 
questions and problems from the Microchip staff, as 
well as keeping in touch with fellow Microchip users 
worldwide. 

Consider mailing the moderator of your SIG, or the 
SYSOP, if you have ideas or questions about Microchip 
products, or the operation of the BBS. 

Software Releases 

Software products released by Microchip are referred 
to by version numbers. Version numbers use the form: 

xx.yy.zz <status> 

Where xx is the major release number, yy is the 
minor number, and zz is the intermediate number. The 
status field displays one of the following categories: 

• Alpha 

• Intermediate 

• Beta 

• Released 

Production releases are numbered with major, and 
minor version numbers like: 

3.04 Released 

Alpha, Beta and Intermediate releases are numbered 
with the major, minor and intermediate numbers: 

3.04.01 Alpha 

Alpha Release 

Alpha designated software is engineering.software that 
has not been submitted to any quality assurance test
ing. In general, this grade of software is intended for 
software development team access only, but may be 
sent to selected individuals for conceptual evaluation. 
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Intermediate Release 

Intermediate released software represents changes to 
a released software system and is designated as such 
by adding an interm.ediate number to the version num
ber. Intermediate changes are represented by: 

• Bug Fixes 

• Special Releases 

• Feature Experiments 

Intermediate released software does not represent our 
most tested and stable software. Typically, it will not 
have been subject to a thorough and rigorous test suite, 
unlike production released versions. Therefore, users 
should use these versions with care, and only in cases 
where the features provided by an intermediate release 
are required. 

Intermediate releases are primarily available through 
the BBS. 

Beta Release 

Preproduction software is designated as Beta. Beta 
software is sent to Applications Engineers and Consult
ants, FAEs, and select customers. The Beta Test period 
is limited to a few weeks. Software that passes Beta 
testing without having significant flaws, will be produc
tion released. Flawed software will be evaluated, 
repaired, and updated with a new revision number for a 
subsequent Beta trial. 

Production Release 

Production released software is software shipped 
with tool products. Example products are PRO MATE, 
PICSTART, and PICMASTER. The Major number is 
advanced when significant feature enhancements 
are made to the product. The minor version number 
is advanced for maintenance fixes and minor 
enhancements. Production released software repre
sents Microchip's most stable and thoroughly tested 
software. 

There will always be a period of time when the Produc
tion Released software is not reflected by products 
being shipped until stocks are rotated. You should 
always check the BBS for the current production 
release. 

© 1995 Microchip Technology Inc. 



MICROCHll=I PICMASTER® System 
PICMASTER Universal In-Circuit Emulator System 

SYSTEM FEATURES 

General: 
• Complete Hi-Performance PC-based Microcon

troller Development System for the PIC16/17 
families. 

• For use on PC-compatible 386, and 486 
machines under Microsoft® Windows™ 3.X envi
ronment. 

• Assembler and Simulator Software, Emulator Sys
tem, and EPROM Programmer unit, sample kit, 
and demonstration hardware and software pro
vide a complete microcontroller product develop
ment environment. 

Emulator System: 
• Hi-Performance In-Circuit Emulation of Microchip 

Microcontrollers. 

• Real-time instruction emulation. 

• Single and Multiple instruction step execution. 

• Program Memory emulation and memory map
ping capability up to 64K words. Instruction execu
tion can be mapped into either emulation memory 
or user prototype memory. 

PICMASTER is a registered trademark of Microchip Technology Inc. 
Windows is a trademark of Microsoft Corp. 

© 1995 Microchip Technology Inc. 

• Real-time trace memory capture of 40 bits of infor-
mation for each instruction cycle in an 8Kx40 ' 
trace buffer. Trace region can range from 0 to 64K 
in any address combinations. 

• Real-time trace data can be captured and dis
played without halting emulation. 

• Unlimited number of hardware breakpoints can be 
set anywhere in the program memory. 

• External Break with "AND"f'OR" capability with 
internal 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 regis
ters, stack registers, and bank registers. 

• Selectable Internal Emulator Clock or User Target 
(Prototype) System Clock. 

• User selectable internal or external Power Supply 
(provided). 
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PICMASTER® System 

EPROM Programmer System: 
• PRO MATE™ Device Programmer unit for all cur

rent PIC16/17 products. 

• Operates as a Stand-alone Unit or in Conjunction 
with a PC-compatible host system. 

• Perfonns READ, PROGRAM, and VERIFY func
tions in Stand-alone mode. 

• PC Host Software provides file display and edit
ing, file transfer to and from programmer unit, 
device serialization, and program voltage calibra
tion. 

Macro Assembler: 
• Provides translation of Assembler source code to 

object code for the PIC16/17 family of microcon
trollers. 

• Macro-assembly and conditional assembly capa
bility. 

• Produces Object files, Listing files, Symbol files, 
and special files required for symbolic debug with 
the PICMASTER Emulator System. 

• Binary I Hex output fonnats: INHXBS, INHXBM, 
INHX16, and PICMASTER. 

Simulator: 

MPSIM is a discrete event software simulator designed 
to imitate operation of PIC16/17 microcontrollers. It 
allows the user to debug software that will use any of 
these microcontrollers. At any instruction boundary, 
MPSIM also allows the user to examine and/or modify 
any data area within the processor, or provide external 
stimulus to any of the pins. Other MPSIM features 
include. program load and save, disassembler, symbolic 
debug, and execution trace and breakpoints. 

Demo Board: 

The PICDEM Demonstration Board provides a user 
with a simple hardware tool through which software can 
be exercised and debugged. A step-by-step tutorial 
enables first-time users of PICMASTER to become 
familiar with all the features of the emulator. A generous 
prototype area allows the user to build additional hard
ware for their project. 

Windows3.x 

D c::::J 

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, 
PIC16C54A, PIC16C55, PIC16C56, PIC16C57 and 
PIC16C58A at clock frequencies of 20MHz; the 
PIC16C61, PIC16C620, PIC16C621, PIC16C622, 
PIC16C64, PIC16C71, PIC16C73, PIC16C74, 
PIC16C84 to 10MHz; and the PIC17C42 at 16MHz. 

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 PC-com
patible machines ranging from 286-Al® class ISA-bus 
systems through the new ·Pentium TM 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. 

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 specified probe 
header). 

Microchip provides additional customer support to 
developers through an electronic Bulletin Board Sys
tem (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) 

Power Switch 
Power Connector 

PC Host Interface 

90-250VAC 

Common Interface Card 
PC Compatible Computer 

PICMASTER Emulator Pod 

(AT/ISA Bus)(lor Industry Standard Archttecture) 
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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 IBM 
PC-compatible 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, EISA Bus or Pentium machines. 

• EGA, VGA, 8514/A, Hercules graphic card (EGA 
or higher recommended). 

• MS-DOS® I PC-DOS version 5.0 or greater. 

• Microsoft® Windows version 3.0 or greater operat-
ing 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/ ISA slot in 
the host system. A 37-conductor cable connects 
the interface card to the external Emulator Control 
Pod. 

• Emulator Control Pod: The Emulator Control 
Pod contains all emulation and control logic com
mon to all microcontroller devices. Emulation 
memory, trace memory, event and cycle timers, 
and trace/breakpoint logic are contained here. 
The Pod controls and interfaces to an inter
changeable target-specific emulator probe via a 
14" precision ribbon cable. 

• Target-specific Emulator Probe: A probe spe
cific to microcontroller family to be emulated is 
installed on the ribbon cable coming from the con
trol pod. This probe configures the universal sys
tem for emulation of a specific microcontroller. 
Currently, the PIC16C5X family, PIC16CXX family, 
and the PIC17C42 microcontrollers are sup
ported. Future microcontroller probes will be avail
able as they are released. 

MS-DOS is a registered trademark of Microsoft Corp. 

© 1995 Microchip Technology Inc. 

PICMASTER® System 

G 

joata From PIC..u.A.STER via DOE) 

• PC Host Emulation Control Software: Host soft
ware necessary to control and provide a working 
user interface is the last major component of 
the system. The emulation software runs in the 
Windows 3.X environment, and provides the user 
with full display, alter, and control of the system 
under emulation. The Control Software is also uni
versal to all microcontroller families. 

The Windows 3.X operating System allows the devel
oper to take full advantage of the many powerful fea
tures and functions of the PICMASTER system. 

PICMASTER emulation can operate in one win
dow, while a text editor is running in a second win
dow. 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 transferred between two or more Win
dows 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, up to eight Pl CM ASTER emu
lators can run simultaneously on the same PC mak
ing development of multi-microcontroller systems 
possible (e.g., a system containing a PIC16CXX pro
cessor and a PIC17CXX processor). 

PRO MATE Device Programmer: 

The PRO MATE Programmer system included in the 
PICMASTER Development System provides the prod
uct 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 MATE 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. 
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STAND-ALONE MODE 

Stand-alone mode is useful in situations where a PC 
may not be availabl~ 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 performs two functions. For a programmed 
part, the device in the programming socket will be com
pared 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 pro· 
grammar 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 press
ing 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 sys
tem, many more options and conveniences are avail
able 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: 

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 D.OS disk files. Files generated by the 
Assembler program are directly loadable into program
mer memory. 
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VDD and VPP Adjust 

The programming environment voltage settings of VDo 
max, Voo min, and VPP can be set and altered only on 
PC host mode. The voltage settings allow the user to 
program the part in the environment that the part will be 
used. The part will be programmed at Voo max and ver
ified at Voo min. VPP is the programming voltage. 

PICMASTER PROBE Specifications 

Table 1 shows the current probe specifications for the 
PICMASTER In-Circuit E.mulator. The devices are sup
ported regardless of program memory type (ROM, 
EPROM or EEPROM), process technology or voltage 
range. That is, selecting the PROBE that supports the 
PIC16C54 (Probe-16D) 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 

Probe Supported Maximum Operating 
Frequency Voltage 

PROBE-168 PIC16C71 10MHz 4.5V • 5.5V 

PROBE·16C PIC16CB4 10MHz 4.5V·5.5V 

PROBE-160 PIC16C54, 20MHz 4.5V-5.5V 
PIC16C55, 
PIC16C56, 
PIC16C57, 
PIC16C58A 

PROBE·16E PIC16C64 10MHz 4.5V • 5.5V 

PROBE·16F PIC16C65 10MHz 4.5V • 5.5V 
PIC16C74 
PIC16C73 

PROBE·16G PIC16C61 10MHz 4.5V • 5.5V 

PROBE-16H PIC16C620 10MHz 4.5V-5.5V 
PIC16C621 
PIC16C622 

PROBE-17A PIC17C42 16MHz 4.5V • 5.5V 
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PICMASTER® System 

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 NUMBER DESCRIPTION 

EM167011 

EM167012 

EM167013 

EM167014 

EM167015 

EM167016 

EM167017 

EM167018 

EM167019 

EM167020 

EM167021 

EM167022 

EM167023 

EM167024 

EM177001 

EM177004 

© 1995 Microchip Technology Inc. 

Complete PICMASTER-168 System for PIC16C71 

Complete PICMASTER-168 System for PIC16C71 without Programmer 

Complete PICMASTER-16C System for PIC16C84 

Complete PICMASTER-16C System for PIC16C84 without Programmer 

Complete PICMASTER-160 System for PIC16C5X 

Complete PICMASTER-160 System for PIC16C5X without Programmer 

Complete PICMASTER-16E System for PIC16C64 

Complete PICMASTER-16E System for PIC16C64 without Programmer 

Complete PICMASTER-16F System for PIC16C65, PIC16C74/C73 

Complete PICMASTER-16F System for PIC16C65, PIC16C74/C73 without 
Programmer 

Complete PICMASTER-16G System for PIC16C61 

Complete PICMASTER-16G System for PIC16C61 without Programmer 

Complete PICMASTER-16H System for PIC16C62X 

Complete PICMASTER-16H System for PIC16C62X without Programmer 

Complete PICMASTER-17 System for PIC17C42 

Complete PICMASTER-17 System for PIC17C42 without Programmer 
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NOTES: 
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MICROCHIP PRO MATE™ 
Universal Device Programmer 

SYSTEM FEATURES 

Device Programmer System: 
• PRO MATE Programmer unit for the PIC16C5X, 

PIC16CXX, 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 edit
ing, and transfer to and from Programmer unit 

• Communicates with PC via RS-232 

• Modular socket modules provide easy migration 
from one PIC16/17 microcontroller product to 
another. 

PRO MATE is a trademark of Microchip Technology Inc. 

© 1995 Microchip Technology Inc. 

SYSTEM DESCRIPTION 

PRO MATE Programmer: 

The PRO MATE Programmer system provides the 
product developer with the ability to program user soft
ware into PIC16C5X, PIC16CXX, PIC17CXX CMOS 
microcontrollers. 

PRO MATE is also supplied with a discrete event soft
ware simulator (MPSIM) and a Universal PIC16/17 
Macro assembler (MPASM). 

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 oper
ating software. 

The PRO MATE 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. 

The modular socket module design allows users to eas
ily migrate between PIC16/17 devices at the lowest 
possible cost. 
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PRO MATE™ 

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 pertorms two functions. For a programmed 
part, the device in the programming socket will be i:om
pared 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 pro
grammer 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 press
ing 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 

The PRO MATE provides a very user friendly user inter
face which allows complete control over the program
ming 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 Pro
grammer prior to any transfers taking place. 

MS-DOS Is a registered trademark of Microsoft Corp. 
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Serialization is done by generating a serialization file, 
and then using that file to serialize locations in the 
PIC16/17 microcontroller. Once a serialization file is 
generated, ii may be used over different programming 
sessions. Serial numbers are automatically marked as 
used when a PIC16/17 is programmed successfully 
with that serial number. 

Complete control over the programming environment is 
also provided. Control over the programming and verify 
voltage of Voo insures that the. Microcontroller will per
form in the desired environment. Programming (VPP) 
voltage is also adjustable to insure complete compati
bility with future programming algorithms. 

Macro Assembler: 
• Provides translation of Assembler source code to 

object code for all PIC16/17 microcontroller prod
uct family. 

• Macro-Assembly capability. 
• Provides Object files, Listing files, Symbol files, 

and special files required for symbolic debug with 
the PIC16/17 Emulator System. 

• Output formats: INHXSS and INHX8M. 

Simulator: 
• Instruction-level Simulator of the PIC16/17 micro

controller product family. 
• For PC-compatible systems running the 

MS-DOS® operating system. 
• Full screen simulation user interface. 
• Symbolic debugging capability. 
• VO stimulus input capability. 

© 1995 Microchip Technology Inc. 



PRO MATE™ 

PRO MATE SOCKET MODULE CROSS-REFERENCE 

Pin Count DIP SOIC SSOP PLCC MQFP 

PIC16C54 18/20 AC164001 AC164002 AC164015 - -
PIC16C54A 18/20 AC164001 AC164002 AC164015 - -
PIC16CR54 18/20 AC164001 AC164002 AC164015 - -

PIC16C55 28 AC164001 AC164002 AC164015 - -

PIC16C56 18/20 AC164001 AC164002 AC164015 - -
PIC16C57 28 AC164001 AC164002 AC164015 - -
PIC16C57A 28 AC164001 AC164002 AC164015 - -
PIC16C58A 18/20 AC164001 AC164002 AC164015 - -

PIC16C61 18 AC164010 AC164010 - - -

PIC16C64 40/44 AC164012 - - AC164013 AC164014 

PIC16C65 40/44 AC164012 - - AC164013 AC.164014 

PIC16C620 18/20 AC164010 AC164010 AC164018 - -

PIC16C621 18/20 AC164010 AC164010 AC164018 - -
PIC16C622 18/20 AC164010 AC164010 AC164018 - -
PIC16C71 18 AC164010 AC164010 - - - • PIC16C73 28 AC164012 AC164017 - - -
PIC16C74 40/44 AC164012 - - AC164013 AC164014 

PIC16C84 18 AC164010 AC164010 - -
PIC17C42 40/44 AC174001 - - AC174002 AC174004 

PIC17C44 40/44 AC174001 - - AC174002 -

© 1995 Microchip Technology Inc. OS30369H-page 5-13 



PRO MATE™ 

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. · 

Programmer Part Number Description 

DV007001 Programmer Kit as described above 

Socket Part Number 

AC164001 

AC164002 

AC164010 

AC164012 

AC164013 

AC164014 

AC164015 

AC174001 

AC174002 

AC174004 

AC164017 

AC164018 

Description 

PIC16C54 thru C58A 18- & 28-Lead PDIP Socket Module 

PIC16C54 thru C58A 18- & 28-Lead SOIC Socket Module 

PIC16C61, PIC16C62X, PIC16C71, PIC16C84, 18-Lead PDIP/SOIC Socket Module 

PIC16C62, PIC16C64, PIC16C65, PIC16C73, PIC16C74, 40-Lead PDIP Socket 
Module 

PIC16C64, PIC16C65, PIC16C74, 44-Lead PLCC Socket Module 

PIC16C64, PIC16C65, PIC16C74, 44-Lead PQFP Socket Module 

PIC16C54 through PIC16C58A, 20 and 28-Lead SSOP Socket Module 

PIC17C42, PIC17C43, PIC17C44, 40-Lead PDIP Socket Module 

PIC17C42, PIC17C43, PIC17C44, 44-Lead PLCC Socket Module 

PIC17C42 44-Lead QFP Socket Module 

PIC16C73, 28-Lead SOIC Socket Module 

PIC16C62X 20-Lead SSOP Socket Module 

Socket modules are sold separately. 
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MICROCHIP PICSTART®-1681 
PIC16CXX Low-Cost Microcontroller Development System 

SYSTEM FEATURES 

EPROM Programmer System: 
• EPROM Development Programmer unit for the 

PIC16C5X and selected PIC16CXX Microcontrol
ler family members. Supports PIC16C54, 
PIC16C54A, PIC16C55, PIC16C56, PIC16C58A, 
PIC16C57, PIC16C61, PIC16C71, PIC16C84. 

• Operates with a PC-compatible host system. 

• READS, PROGRAMS, and VERIFIES EPROM 
Memory. 

• PC Host Software provides file display and edit-
ing, and transfer to and from Programmer unit. 

• Universal power supply 

• RS-232 interface cable 

Macro Assembler: 
• Provides translation of Assembler source code to 

object code for all PIC16CXX microcontroller 
product family. 

• For PC-compatible systems running the MS-Dos® 
operating system. 

• 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 and INHX8M. 

Simulator: 
• Instruction-level Simulator o1 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 

PIC16CXX parts for initial prototype use. 

PICSTART is a registered trademark of Microchip Technology Inc. 
MS-DOS is a registered trademark of Microsoft Corp. 

© 1995 Microchip Technology Inc. DS30360C-page 5-15 
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PICSTART®-1681 

SYSTEM DESCRIPTION 

The PICSTART-16B1 Development System provides 
the product development engineer with an alternative 
low-<:ost 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 
(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 
microcontroller 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, PIC16C57, PIC16C58A, PIC16C61, 
PIC16C71 or PIC16C84 microcoritrollers. 

A "Quick Start" PIC16CXX Product Sample Pak con
taining user programmable parts is also included. 

Microchip provides additional customer support to 
developers through an electronic Bulletin Board Sys
tem (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-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 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 pro
vided for full interactive control over the programmer. 
Parts may be Read, ·Programmed, Blank checked and 
Verified. Also, all fuses and ID locations may be speci
fied. 

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 PIC16/17 assembler code. 

The simulator is meant for use with smaller projects not 
requiring precise, more extensive development equip
ment. 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 pro
grams 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 
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 
occurrences of instructions, register use, and ASCII 
data. 

Disassembler 

Program memory can be disassembled showing both 
hexadecimal data and instruction mnemonics for spec
ified address ranges. 

Symbolic Debugging 

The simulator provides for symbolic referencing to aid 
and simplify debugging. The symbol table may be dis
played. 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 
DV163003 
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DESCRIPTION 
PICSTART-16B1 DEVELOPMENT SYSTEM 
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MICROCHIP PICSTART®-16C 
PIC16CXX Low-Cost Microcontroller Development System 

SYSTEM FEATURES 

EPROM Programmer System: 
• EPROM Programmer unit for the PIC16CXX 

Microcontrollerfamily. Supports the PIC16C64, 
PIC16C65, PIC16C73 and the PIC16C74. 

• Operates with a PC-compatible host system. 
• READS, PROGRAMS, and VERIFIES EPROM 

Memory. 
• PC Host Software provides file display and edit-

ing, and transfer to and from Programmer unit. 
• Universal power supply 
• RS-232 interface cable 
Macro Assembler: 
• Provides translation of Assembler source code to 

object code for all PIC16CXX microcontroller 
product family. 

• Macro-Assembly capability. 

PICSTART is a registered trademark of Microchip Technology Inc. 
MS-DOS is a registered trademark of Microsoft Corp. 

© 1995 Microchip Technology Inc. 

• For PC-compatible systems running the MS-Dos® 
operating system. 

• Provides Object files, Listing files, Symbol files, 
and special files required for symbolic debug with 
the PIC16CXX Emulator System. 

• Output formats: INHXBS and INHXBM. 

Simulator: 
• Instruction-level Simulator of the PIC16/17 

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. 

DS30359C-page 5-17 
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PICSTART®-16C 

SYSTEM DESCRIPTION 

The PICSTART-16C 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-16C 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 
microcontroller 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, PIC16C65, 
PIC16C73, or the PIC16C74. 

A "Quick Start" PIC16CXX Product Sample Pak con
taining user programmable parts is also included. 

Microchip provides additional customer support to 
developers through an. electronic Bulletin Board Sys
tem (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 pro
vided for full interactive control over the programmer. 
Parts may be Read, Programmed, Blank checked, and 
Verified. Also, all fuses and ID locations may be speci
fied. 

A large screen buffer editing facility allows the user to 
change and program location in hexadecimal. Complete 
program data can be loaded and saved to DOS disk 
files. Files generated by the MPASM Assembler pro
gram 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 PIC16/17 assembler code. 

The simulator is meant for use with smaller projects not 
requiring precise more extensive development equip
ment. 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 pro
grams 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 
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 spec
ified address ranges. 

Symbolic Debugging 

The simulator provides for symbolic referencing to aid 
and simplify debugging. The symbol table may be dis
played. 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 
DV163002 
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DESCRIPTION 
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MICROCHIP PICDEM-1 
Low-Cost PIC16/l 7 Demonstration Board 

PRODUCT INFORMATION 

The PICDEM-1 is a simple board which demonstrates 
the capabilities of several Microchip microcontrollers. 
The microcontrollers supported are: PIC16C5X 
(PIC16C54 to PIC16C58), PIC16C61, PIC16C62X, 
PIC16C71, PIC16C84, PIC17C42, PIC17C43 and 
PIC17C44. 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® pro
grammer and easily debug/lest the sample code, or the 
user can connect the PICDEM-1 with the PICMASTER 
emulator and download the sample code to the emula
tor 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 micro
controller socket(s). 

FEATURES: 

Hardware: 
• 40-pin, 28-pin and 18-pin Precision sockets for all 

supported microcontrollers. 

• On board +SV regulator and filter rectifier for direct 
input from 9V AC/DC wall adapter. 

• RS-232 socket and associated hardware for direct 
connection to RS-232 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 dis-
playing 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. 

PICSTART is a registered trademark, and PRO MATE Is a trademark of Microchip Technology Inc. 
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PICDEM-1 

Software: 
• Program for PIC16C71 to demonstrate on-chip AID 

features. 
• Program for PIC16C84 to demonstrate on-chip 

EEPROM. 
• Program for PIC17C42to 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 

Several UV erasable devices supplied are included. 
The device types may change from time to time. The 
supplied devices are typically: 

• 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 

DM163001 
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DESCRIPTION 

Low-cost Demonstration Board for 
PIC16C5X, PIC16C61, PIC16C62X, PIC16C71, 
PIC16C84, PIC17C42, PIC17C43 and PIC17C44. 

© 1995 Microchip Technology Inc. 



MICROCHIP PICDEM-2 
Low-Cost PIC16CXX Demonstration Board 

PRODUCT INFORMATION 
The P!CDEM-2 is a simple board which demonstrates 
the capabilities of several Microchip microcontrollers, 
including PIC16C64/65 and PIC16C73/74. All neces
sary hardware is included to run basic demo programs, 
which are supplied on a 3.5" disk. A programmed 
sample is included, and the user may erase it and pro
gram it with the other sample programs using the 
PRO MATE"' or PICSTARr® programmer and easily 
debug and test the sample code. The PICDEM-2 is also 
usable with the PICMASTER® emulator, and all of the 
sample programs can be run and modified using the 
PICMASTER. Additionally, a generous prototype area 
is available for user hardware. 

© 1995 Microchip Technology Inc. 

FEATURES: 
Hardware: 
• 40- and 28-pin DIP sockets 
• On board +SV regulator for direct input from 9V 

AC/DC wall adapter or 9V battery. 
• RS-232C socket and associated hardware for 

direct connection to RS-232C interface. 
• SK pot for analog inputs for the PIC16C73/74 
• Three push button keys for external stimulus and 

RESET. 
• Eight bright LEDs connected to PORTS for dis-

playing 8-bit binary values. 
• Socket for "canned" crystal oscillator. 
• Unpopulated holes provided for crystal connection 
• 128 x 8 Serial EEPROM. 
• LCD module header. 
• Keyboard header. 
• Unpopulated holes for ACCESS.bus"' connector. 
• Jacks for connection of 9V battery. 
• Jumper to disconnect on-board RC oscillator. 

• Prototype area for user hardware. 
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PICDEM-2 

Software: 
• Program for PIC16C74 to demonstrate on-chip 

AID feature. 

• Program for PIC16C64 to demonstrate 12c Serial 
EEPROM usage. 

• 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 Tutorial. 

• Full schematics. 

Samples: 
Several UV erasable devices supplied are included. 
The device types may change from time to time. The 
supplied devices are typically: 

• PIC16C64 

• PIC16C74 

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 

DM163002 

DESCRIPTION 

Low-cost Demonstration Board for 
PIC16C64, PIC16C65, PIC16C73 AND PIC17C74 

PICSTART and PICMASTER are registered trademarks of Microchip Technology Inc. 
PRO MATE lis a trademark of Microchip Technology Inc. 
ACCESS.bus is a trademark of Access.bus Industry Group (ABIG). 
12c is a trademark of Philips Corporation. 
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MICROCHIP MPASM Universal Assembler 
Universal PIC16/17 Microcontroller Assembler Software 

This product brief describes the technical aspects of 
the PIC16/17 Assembler. The MPASM Cross Assem
bler 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 
Microchip Universal Emulator System (PICMASTER®). 

MPASM REQUIREMENTS 

MPASM will run on any IBM PC/Al® or compatible 
computer running DOS 5.0 or later. 

PICMASTER is a registered trademark of Microchip Technology Inc. 
IBM PC/AT is a registered trademark of IBM Corp. 

© 1995 Microchip Technology Inc. 

MPASM ASSEMBLER FEATURES 

MPASM supports the 12-bit PIC16C5X, the 14-btt 
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 devel
oping 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: INHX8S, INHX8M, INHX32 and 
relocatable objects. 
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MPASM Universal Assembler 

MPASM DIRECTIVE LANGUAGE MPASM INSTRUCTION SET 

MPASM provides a full featured directive language rep
resented by four basic classes of directives: 

MPASM supports the entire instruction set of the 
PIC16C5X, PIC16CXX and PIC17CXX microcontrol
lers, as represented in the following four classes of 
instructions: 

• Data Directives are those that control the alloca
tion 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. 

SALES AND SUPPORT 

• 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 1/0 
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. 

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 

SW165002 

DS30179C-page 5-24 

DESCRIPTION 

MPSIM/MPASM Simulator and Assembler 
Software and Documentation 
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MICROCHIP MPSIM Simulator 
PIC16/17 Microcontroller Simulator 

MPSIM is a discrete event simulator software applica
tion designed to imitate operation of the PIC16/17 
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 your 
project. 

MPSIM REQUIREMENTS 

MPSIM requires an IBM PC/Al® or compatible com
puter running DOS version 5.0 or later. The PC needs 
a 3-1/2" 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 stor
age. 

IBM PC/AT is a registered trademark of IBM Corp. 

© 1995 Microchip Technology Inc. 

MPSIM SIMULATOR 

The MPSIM Simulator program provides the developer 
with an instruction and limited 1/0 simulator software 
program for debugging Microchip microcontroller 
assembler code. 

The simulator is meant for use with smaller projects not 
requiring precise, more extensive development equip
ment. Many applications can be developed by using a 
simulator program alone. 

The PIC16CXX and PIC17CXX families support vari
ous peripherals and interrupts. MPSIM generally simu
lates interrupts and most peripheral functions. 
However, certain peripheral functions are not sup
ported (such as AID conversion or serial 1/0). 

The MPSIM Simulator has the following features to 
assist in the debugging of software I firmware for the 
user: 
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MPSIM Simulator 

Program Load I Save 
Commands exist to load . assembled object file. pro
grams 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 spec
ified 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. 

SALES AND SUPPORT 

Symbolic Debugging 
The simulator provides for symbolic referencing to aid 
and simplify debugging. The symbol table may be dis
played. New symbols defined and unwanted symbols 
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 
lime. 

Assembler Support 
MPSIM works with Microchip's MPASM Universal 
Assembler. 

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 

SW165002 

DESCRIPTION 

08301800-page 5-26 

MPSIM/MPASM Simulator and Assembler 
Software and Documentation 

© 1995 Microchip Technology Inc. 



MICROCHIP MP-C 
C Compiler 

MP-CC COMPILER 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 
(emulator software versions 1.13 and later). 

IBM PC/XT and PC/AT are registered trademarks of IBM Corporation. 

© 1995 Microchip Technology Inc. 

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/X1®, PC/AT® 
or compatible computer, running DOS 5.0 or later. 

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 to 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. 

DS30362B-page 5-27 

• 



MP-C 

MP-Chas 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 
Development 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 fami
lies' instruction sets. 

• Output formats: INHX8S, INHX8M, and INHX32. 

SALES AND SUPPORT 

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 Ob0101110 which 
are logical extensions to the conventional Ox1 a3b 
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 pro
vides a superset of the standard 'C' case state
ment. For example, case 4,5:, case '0'.:9', and 
complex case statements are allowed. 

• Processor Specific Functions that are specific 
to the PIC16/17 family. For example NOPO and 
SLEEP() produce the equivalent PIC16/17 
instruction. 

• "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 directly by Byte Craft Limited of Waterloo, Ontario, Canada. 

If you have any questions please contact your regional Microchip FAE or Microchip technical support personnel 
at (602) 786-7627. 

DS30362B-page 5-28 © 1995 Microchip Technology Inc. 



MICROCHIP fuzzyTECH®-M P 
Fuzzy Logic Development System for PIC16/17 

fuzzyTECH-MP 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. 

The fuzzyTECH-MP Development System comes in 
two versions. The first, the Explorer, contains every
thing you need to gain a comprehensive working knowl
edge 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 
Explorer supports two input variables and one output 
variable. 

The full-featured fuzzyTECH-MP Edition offers all of the 
capabilities of the Explorer, plus it has the additional 
flexibility of eight input variables and four output vari
ables for designing more complex systems. The full fea-

© 1995 Microchip Technology Inc. 

lures are enabled with a hardware key lock attached to 
the parallel port of the PC. 

Included in both versions is fuzzyLAB"', a fully func
tional demonstration board, to give customers hand-on 
experience with fuzzy logic systems implementation. 
fuzzyl..AB is a simple heating thermostat consisting of a 
PWM-controlled resistor configured to heat a ther
mistor to a preset temperature. Using the two fuzzy 
algorithms provided, a designer can set a target tem
perature and observe the thermostat response to the 
set point. 

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. 
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fuzzyTECH®-MP 

fuzzyTECH·MP System Requirements 

fuzzyTECH·MP will run on any IBM Pc® (386 or 
higher) or compatible computer, running DOS 4.1 or 
later, and Microsoft Windows® 3.0 or later. Because 
fuzzyTECH·MP makes extensive. use of graphics, a 
color graphic monitor (VGA) is required, and higher res
olutions of 800 x 600 or 1024 x 768 are recommended. 

What js Fuz:ey Logic? 

Fuzzy logic is a technology that enhances mode-based 
system designs using both intuition and engineering 
heuristics. Fuzzy logic uses elements of everyday Ian· 
guage to represent desired system behavior, thus cir
cumventing the need for rigorous mathematical 
modeling. 

It is an efficient way of designing, optimizing and main
taining highly complex systems transparently. 

Fuzzy 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 
problem is available or can be acquired during the 
design process. 

SALES AND SUPPORT 

The fuzzyTECH·MP Implementation 

fuzzyTECH·MP provides the following standard lea· 
tu res: 

• 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 lin
guistic conjunctions (chip !imitations will place a 
practical limit on these) 

• MAX-MIN and MAX-DOT inference methods 

• CoM and MoM defuzzification methods 

• MPASM Compatible 

• PICMASTER® Compatible 

fuzzyTECH·MP 

fuzzyTECH-MP is available directly from Microchip 
Technology and Its authorized distributors. Contact 
your local sales office for more information. 

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 

DV005001 

DV005002 

DESCRIPTION 

tuzzyTECH-MP EXPLORER 

fuzzyTECH-MP EDITION 

fuzzyTECH is a registered trademark of INFORM Software Corporation. 
PICMASTER is a registered trademark of Microchip Technology Inc. fuzzyLAB is a trademark of Microchip. 
IBM-PC is a registered trademark of IBM Corporation. 
Microsoft Windows is a registered trademark of Microsoft Corporation. 
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MICROCHIP MEMORY 
Shortform Catalog to Non-Volatile Memory Products 

The following shortform catalog will provide an over
view to Microchip Technology lnc:s Serial EE PROM, 
Parallel EEPROM and EPROM products. This 
includes: 12C™ Serial EEPROM, Microwire™ Serial 
EEPROM, Specialty Serial EEPROM and EPROM 
devices with complementary development systems. 

© 1995 Microchip Technology Inc. 

For detailed information on these non-volatile memory 
devices and development systems, please refer to the 
Microchip Non-Volatile Memory Products Data 
Book. (A copy can be obtained by calling your local 
Microchip sales office.) 
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Non-Volatile Memory Products 

12C™ SERIAL EEPROM PRODUCT SPECIFICATIONS* 

Density Organization 
Part 

Supply Voltage Package Features 
Number 

1K Bit 1024 bits 24AA01 + 1.8V to 5.5V 8-Lead PDIP 8-byte page, maximum write time 
(128x8) 8-Lead SOIC 1 Oms/page, 1 O million erase/write cycles, 

100/400KHz clock, hardware 
Write-protect. 

2K Bit 2048 bits 24AA02 + 1.8V to 5.5V 8-Lead PDIP 8-byte page, maximum write time 
8-Lead SOIC 1 O ms/page, 1 million erase/write cycles, 

100/400KHz clock, hardware 
write-protect. 

4K Bit 4096 bits 24AA04 + 1.8V to 5.5V 8-Lead PDIP 16-byte page, maximum write time 
(512x8) 8-Lead SOIC 10 ms/page, 1 million erase/write cycles, 

14-Lead SOIC 100/400KHz clock, hardware 
write-protect. 

SK Bit 8192 bits 24AAOS + 1.8V to 5.5V 8-Lead PDIP 16-byte page, maximum write time 
(1Kx8) 8-Lead SOIC 10ms/page, 1 million erase/write cycles, 

14-Lead SOIC 100/400KHz clock, hardware 
write-protect. 

16K Bit 16384 bits 24AA16 + 1.8V to +5.5V 8-Lead PDIP 16-byte page, maximum write time 
(2K x 8) 8-Lead SOIC 10ms/page, 10 million erase/write cycles, 

14-Lead SOIC 100/400KHz clock, hardware 
write-protect. 

16K Bit 16384 bits 24AA164 + 1.8V to 5.5V 8-Lead PDIP 16 byte page, cascadable up to 8 devices 
(2K x 8) 8-Lead SOIC on same bus, up to 400KHz clock. 

10 million erase/write cycles. 

32KBit 32768 bits 24AA32 + 1.8V to 6.0V 8-Lead PDIP 64 byte input cache, maximum write time 
(4K x 8) 8-Lead SOIC 10ms/page (8-byte page), variable page 

size, 1 O million erase/write cycles for high 
endurance block, up to 400 KHz clock, up 
to 8 devices on same bus. 

64KBit 64736 bits 24AA65 +1.8V to 6.0V 8-Lead PDIP 64 byte input cache, maximum write time 
(SK x 8) 8-Lead SOIC 1 Oms/page (8-byte page), variable page 

size, split-endurance, 10 million 
erase/write cycles for high endurance 
block, up to 400 KHz clock, up to 
8 devices on same bus. 

1K Bit 1024 bits 24LC01B* +2.5V to +5.5V 8-Lead PDIP 8-byte page, maximum write time 
(128x8) 8-Lead SOIC 10ms/page, 10 million erase/write cycles, 

400KHz clock, hardware write-protect. 

2KBit 2048 bits 24LC02B* +2.5V to +5.5V 8-Lead PDIP 8-byte page, maximum write time 
8-Lead SOIC 1 Oms/page, 1 million erase/write cycles, 

400KHz clock, hardware write-protect. 

4KBit 4096 bits 24LC04B* +2.5V to +5.5V 8-Lead PDIP 16-byte page, maximum write time 
(512 x 8) 8-Lead SOIC 10ms/page, 1 million erase/write cycles, 

14-Lead SOIC 400KHz clock, hardware write-protect. 

SK Bit 8192 bits 24LCOSB* +2.5V to +5.5V 8-Lead PDIP 16-byte page, maximum write time 
(1K x 8) 8-Lead SOIC 1 Oms/page, 1 million erase/write cycles, 

14-Lead SOIC 400KHz clock, hardware write-protect. 

16K Bit 16384 bits 24LC16B* +2.5V to +5.5V 8-Lead PDIP 16-byte page, maximum write time 
(2K x 8) 8-Lead SOIC 10ms/page, 10 million erase/write cycles, 

14-Lead SOIC 400KHz clock, hardware write-protect. 

•Available in standard commercial and industrial temperature ranges. 
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Non-Volatile Memory Products 

12C™ SERIAL EEPROM PRODUCT SPECIFICATIONS* (CONTINUED) 

Density Organization 
Part 

Supply Voltage Package Features 
Number 

16K Bit 16384 bits 24LC164* +2.5V to 5.5V 8-Lead PDIP 16 byte page, cascadable up to 8 devices 
(2Kx8) 8-Lead SOIC on same bus, up to 400KHz clock. 

10 million erase/write cycles. 

32K Bit 32768 bits 24LC32* +2.5V to +6.0V 8-Lead PDIP 64-byte input cache, maximum write time 
(4K x 8) 8-Lead SOIC 10ms/page (8-byte page), variable page 

size, up to 400KHz clock, up to 8 devices 
on same bus, split endurance. 10 million 
erase/write cycles for high endurance 
block. 

64K Bit 64736 bits 24LC65* +2.5V TO +6.0V 8-Lead PDIP 64-byte input cache, maximum write time 
(BK x 8) 8-Lead SOIC 10ms/page (8-byte page), variable page 

size, split-endurance, 10 million 
erase/write cycles for high endurance 
block, software write-protect, up to 
400KHz clock, up to 8 devices on same 
bus. 

1K Bit 1024 bits 24C01A** +5.0V 8-Lead PDIP For fast byte write (1ms) or E-temp 
(128 x 8) 8-Lead SOIC applications only, other applications 

should use 24LC01 B. 2-byte page, typ. 
write time 1 ms per byte, 1 million 
erase/write cycles. 

2KBit 2048 bits 24C02A** +5.0V 8-Lead PDIP For fast byte write (1ms) or E-temp 
8-Lead SOIC applications only, other applications 

should use 24LC02B. 2-byte page, typ . 

• write time 1 ms per byte, 1 million 
erase/write cycles. 

4KBit 4096 bits 24C04A** +5.0V 8-Lead PDIP For fas1 byte write (1 ms) or E·temp 
(512 x 8) 8-Lead SOIC applications only, other applications 

14-Lead SOIC should use 24LC04B. 8-byte page, typ. 
write time 1 ms per byte, 1 million 
erase/write cycles. 

SK Bit 8192 bits 24C08B** +4.5V to +5.5V 8-Lead PDIP Available in automotive (E) temp. only. 
(1Kx8) 8-Lead SOIC 

16KBlt 16384 bits 24C16B** +4.5 to +5.5V 8-Lead PDIP Available in automotive (E) temp. only. 
(2Kx8) 8-Lead SOIC 

32K Bit 32768 bits 24C32* +4.5V to +5.5V 8-Lead PDIP 64-byte input cache, maximum write time 
(4Kx8) 8-Lead SOIC 10ms/page (8-byte page), variable page 

size, up to 400KHz clock, up to 8 devices 
on same bus, split endurance. 1 O million 
erase/write cycles for high endurance 
block. 

64K Bit 64736 bits 24C65* +4.5V to +5.5V 8-Lead PDIP 64-byte input cache, maximum write time 
(8Kx8) 8-Lead SOIC 10ms/page (8-byte page), variable page 

size, split-endurance, 10 million 
erase/write cycles for high endurance 
block, software write-protect, up to 400 
kHz clock, up to 8 devices on same bus. 

1KBit 1024 bits 85C72** +5.0V 8-Lead PDIP 2-byte page, typical write time 1 ms per 
(128 x 8) 8-Lead SOIC byte, 1 million erase/write cycles, 1 OOKHz 

clock, can connect up to 8 devices on the 
same bus. CMOS version of PCD8572. 

•Available in standard commercial and industrial temperature ranges. 
••Available in standard commercial, industrial and automotive temperature ranges. 
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Non-Volatile Memory Products 

12C™ SERIAL EEPROM PRODUCT SPECIFICATIONS* (CONTINUED) 

Density Organization 
Part 

Supply Voltage Package Features 
Number 

2KBit 2048 bits 85C82** +5.0V 8-Lead PDIP 2-byte page, typical write time 1ms per 
8-Lead SOIC byte, 1 million erase/write cycles, can 

connect up to 8 devices on the same bus. 
CMOS version of PCD8582. 

4KBit 4096 bits 8SC92** +5.0V 8-Lead PDIP 8-byte page, typical write time 1 ms per 
(512 x 8) 8-Lead SOIC byte, 1 million erase/write cycles, can 

14-Lead SOIC connect up to 4 devices on the same bus 
and hardware write-protect. Memory 
upgrade of PCD8582. 

For higher densities, see Smart Serial section on page 6. 

MICROWIRE™ SERIAL EEPROM PRODUCT SPECIFICATIONS* 

Density Organization 
Part 

Supply Voltage Package Features 
Number 

1K Bit 128 x 8 or 93AA46*** + 1.8V to +5.5V 8-Lead PDIP Hardware READY/BUSY signal, 2MHz 
64x 16 8-Lead SOIC max. clock rate, 4ms per word typical 

write time, 1 million erase/write cycles, 
and sequential read function. 

2KBit 256 x8 or 93AAS6*** + 1.8V to +5.5V 8-Lead PDIP Software READY/BUSY signal, 2MHz 
128 x 16 8-Lead SOIC max. clock rate, 4ms per word typical 

write time, 10 million erase/write 
cycles, and sequential read function. 

4K Bit 512x8or 93AA66*** + 1.8V to +5.5V 8-Lead PDIP Software READY/BUSY signal, 2MHz 
256 x 16 8-Lead SOIC max. clock rate, 4ms per word typical 

write time, 10 million erase/write 
cycles, and sequential read function. 

1K Bit 128 x 8 or 93LC46* +2.0V to +6.0V 8-Lead PDIP Hardware READY/BUSY signal, 2MHz 
64x 16 8-Lead SOIC max. clock rate, 4ms per word typical 

write time, 1 million erase/write cycles, 
and sequential read function. 

2KBit 256 x8 or 93LC56* +2.0V to +6.0V 8-Lead PDIP Software READY/BUSY signal, 2MHz 
128 x 16 8-Lead SOIC max. clock rate, 4ms per word typical 

write time, 10 million erase/write 
cycles, and sequential read function. 

4K Bit 512x8or 93LC66* +2.0V to +6.0V 8-Lead PDIP Software READY/BUSY signal, 2MHz 
256x16 8-Lead SOIC max. clock rate, 4ms per word typical 

write time, 10 million erase/write 
cycles, and sequential read function. 

1K Bit 64x 16 93LC468* +2.0V to +6.0V 8-Lead PDIP Hardware READY/BUSY signal, 2MHz 
8-Lead SOIC max. clock rate, 4ms per word typical 

write time, 1 million erase/write cycles, 
sequential read function, and x16 
organization hard-wired by factory. 

2KBit 128 x 16 93LCS68* +2.0V to +6.0V 8-Lead PDIP Software READY/BUSY signal, 2MHz 
8-Lead SOIC max. clock rate, 4ms per word typical 

write time, 10 million erase/write 
cycles, sequential read function, and 
x16 organization hard-wired by factory. 

*Available in standard commercial and industrial temperature ranges. 
**Available in standard commercial, industrial and automotive temperature ranges. 
***Available in commercial temperature range. 
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Non-Volatil~ Memory Products 

MICROWIRE™ SERIAL EEPROM PRODUCT SPECIFICATIONS* (CONTINUED) 

Density Organization 
Part 

Supply Voltage Package Features 
Number 

4KBit 256x16 93LC66B* +2.0V to +6.0V 8-Lead PDIP Soltware READY/BUSY signal, 2MHz 
8-Lead SOIC max. clock rate, 4ms per word typical 

write time, 10 million erase/write 
cycles, sequential read function, and 
x16 organization hard-wired by factory. 

256 Bit 16x16 93C06** +4.5V to +5.5V 8-Lead PDIP For fast byte write (1ms) or E-temp 
8-Lead SOIC applications only. All other 

applications see 93LC46. Software 
READY/BUSY signal. 1 MHz max. clock 
rate. 

1KBit 64x16or 93C46** +4.0V to +5.5V 8-Lead PDIP For fast byte write (1ms) or E-temp 
256x16 8-Lead SOIC applications only. All other 

applications see 93LC46. Software 
READY/BUSY signal, 1 MHz max. clock 
rate. 

2KBit 256 x 8 or 93C56** +4.0V lo +5.5V 8-Lead PDIP For fast byte write (1ms) or E-temp 
256x16 8-Lead SOIC applications only. All other 

applications see 93LC56. Software 
READY/BUSY signal, 2MHz max. clock 
rate. 1 million erase/write cycles. 

4KBit 512x8or 93C66** +4.0V to +5.5V 8-Lead PDIP For fast byte write (1ms) or E-temp 
256x16 8-Lead SOIC applications only. All other 

applications see 93LC66. Software 
READY/BUSY signal, 2MHz max. clock 
rate. 1 million erase/write cycles. 

SPECIAL TY SERIAL EEPROM PRODUCT SPECIFICATIONS 

Density Organization 
Part 

Supply Voltage Package Features 
Number 

16KBit 16384 bits 24AA174*** + 1.8V to 5.5V 8-Lead PDIP 16K bit+ 16 byte OTP security page. 
(2K x 8) 8-LeadSOIC 400KHz clock, 10 million erase/write 

cycles guaranteed, cascadable up to 
8 devices on same bus. 

24LC174* +2.5V to 5.5V 8-Lead PDIP 16K bit+ 16 byte OTP security page. 
8-LeadSOIC 400KHz clock, 10 million erase/write 

cycles guaranteed, cascadable up to 
8 devices on same bus. 

1KBit 1024 bits 24LC21* +2.5V to +5 .5V 8-Lead PDIP Dual mode operation. 400KHz clock. 
(Dual Clock) 8-Lead SOIC Maximum Write time 10ms/page. 

1 million erase/write cycles. DDC1/DDC 
compatible. 

*Available in standard commercial and industrial temperature ranges. 
••Available in standard commercial, industrial and automotive temperature ranges. 
•••Available in commercial temperature range.••• 
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Non-Volatile Memory Products 

SPECIAL TY SERIAL EEPROM PRODUCT SPECIFICATIONS (CONTINUED) 

Density Organization 

64KBit 8Kx8 

Ql 
.c 
u 

"' (..) 

1KBit 

2KBit 

4KBit 

4K High 
Endurance Book 

SOK 
Securable 
EEPROM 

128 x 8 or 
64x 16 

128 x 16 

256 x 16 

Part 
Number 

24AA65 

Supply Voltage 

+ 1.8V to +6.0V 

Package Features 

8-Lead PDIP 64-byte input cache, maximum wrtte 
8-Lead SOIC time 10ms/page (8-byte page), variable 

page size, split-endurance, 10 million 
erase/write cycles for high endurance 
block, software write-protect, up to 400 
kHz clock, up to 8 devices on same bus. 

24LC65* +2.5V TO +6.0V 8-Lead PDIP 64-byte input cache, maximum write 
8-Lead SOIC time 10ms/page (8-byte page). variable 

page size, split-endurance, 10 million 
erase/write cycles for high endurance 
block, software write-protect, up to 400 
kHz clock, up to 8 devices on same bus. 

24C65* +4.5V to +5.5V 8-Lead PDIP 64-byte input cache, maximum write 
8-Lead SOIC time 10ms/page (8-byte page), variable 

page size, split-endurance, 10 million 
erase/write cycles for high endurance 
block, software write-protect, up to 400 
kHz clock, up to 8 devices on same bus. 

59C11** +4.5V to +5.5V 8-Lead PDIP 4-wire bus, external READY/BUSY 
8-Lead SOIC signal. 1 MHz max. clock rate, max. 2ms 

per word max. write time and 1 million 
erase/write cycles. 

93LCS56 +2.0V to +6.0V 8-Lead PDIP Software wrtte protection, 2MHz max. 
8-Lead SOIC clock rate, 4ms per word typical write 
14-Lead SOIC time, 1 million erase/write cycles, 

sequential read function and x16 
organization hard-wired by factory. 

93LCS66 +2.0V to +6.0V 8-Lead PDI P Software write protection signal, 2MHz 
8-Lead SOIC max. clock rate, 4ms per word typical 
14-Lead SOIC write time, 1 million erase/write cycles, 

sequential read function and x16 
organization hard-wired by factory. 

PARALLEL EEPROM PRODUCT SPECIFICATIONS 

Density Organization Part Access 
Package Features 

Number Time(ns) 

4K Bit 512 x8 28C04A 250 24-Lead PDIP 100,000 erase/write cycles, 1 ms write 
28C04A 200 32-Lead PLCC cycle time, DATA POLLING signal, fast 
28C04A 150 byte write time (200µs) option. 

16K Bit 2Kx8 28C16A 250 24-Lead PDIP 100,000 erase/write cycles, 1 ms write 
28C16A 200 28-Lead TSOP cycle time, DATA POLLING signal, fast 
28C16A 150 28-Lead VSOP byte write time (200µs) option. 

32-Lead PLCC 

16K Bit 2Kx8 28C17A 250 28-Lead PDIP 100,000 erase/write cycles, 1ms write 
28C17A 200 28-Lead SOIC cycle time, DATA POLLING signal, and 
28C17A 150 28-Lead TSOP READY/BUSY signal, fast byte write time 

28-Lead VSOP (200µs) option. 

32-Lead PLCC 

*Available in standard commercial and industrial temperature ranges. 
**Available in standard commercial, industrial and automotive temperature ranges. 
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Non-Volatile Memory Products 

PARALLEL EEPROM PRODUCT SPECIFICATIONS (CONTINUED) 

Density Organization 
Part Access 

Package Features 
Number Time (ns) 

64K Bit 8Kx8 28C64A 250 28-Lead PDIP 100,000 erase/write cycles, 1ms write 
28C64A 200 28-Lead SOIC cycle time, DATA POLLING signal and 
28C64A 150 28-Lead TSOP READY/BUSY signal, fast byte write time 

28-Lead VSOP (200µs) option. 

32-Lead PLCC 

Note: Some package/speed/temperature combinations may not be available. Please consult your authorized 
Microchip Representative. 

EPROM PRODUCT SPECIFICATIONS 

Part 
Access 

Supply 
Density Organization Time Operation Package Features 

Number 
(ns) 

Voltage 

64K Bit 8Kx8 27C64-25 250 Static +5.0V 28-Lead DIP, PDIP Factory program-
27C64-20 200 32-Lead PLCC ming available. 
27C64-17 170 32-Lead LCC 
27C64-15 150 28-Lead SOIC 
27C64-12 120 28-Lead TSOP 

64KBit 8Kx8 27LV64-30 300 Static +3.0Vto 28-Lead DIP, PDIP 27C64 compatible 
27LV64-25 250 5.5V 32-Lead PLCC 
27LV64-20 200 32-Lead LCC 

28-Lead SOIC 
28-Lead TSOP 

II 28-Lead VSOP 

128KBit 16Kx8 27C128-25 250 Static +5.0V 28-Lead DIP, PDIP Factory program-
27C128-20 200 32-Lead PLCC ming available. 
27C128-17 170 32-Lead LCC 
27C128-15 150 28-Lead SOIC 
27C128-12 120 

256K Bit 32Kx8 27C256-20 200 Static +5.0V 28-Lead DIP, PDIP Factory program-
27C256-15 150 32-Lead PLCC ming available. 
27C256-12 120 32-Lead LCC 
27C256-10 100 28-Lead SOIC 
27C256-90 90 28-Lead TSOP 

28-Lead VSOP 

256K Bit 32Kx8 27HC256-90 90 Static +5.0V 28-Lead DIP, PDIP 27C256 
27HC256-70 70 32-Lead PLCC compatible 
27HC256-55 55 32-Lead LCC 

28-Lead SOIC 
28-Lead TSOP 
28-Lead VSOP 

256K Bit 32Kx8 27LV256-30 300 Static +3.0Vto 28-Lead DIP, PDIP 27C256 compatible 
27LV256-25 250 5.5V 32-Lead PLCC 
27LV256-20 200 32-Lead LCC 

28-Lead SOIC 
28-Lead TSOP 
28-Lead VSOP 

256KBit 16K x 16 27HC1616-70 70 Static +5.0V 40-Lead DIP JEDEC approved 
27HC1616-55 55 44-Lead LCC worldwide pinout 

© 1995 Microchip Technology Inc. DS00031J-page 6-7 



Non-Volatile Memory ,Products 

EPROM PRODUCT SPECIFICATIONS (CONTINUED) 

Part 
Access 

Supply 
Density Organization Time Operation Package Features 

Number 
(ns) 

Voltage 

512KBit 64Kx8 27C512A-15 150 Static +5.0V 28-Lead DIP, PDIP Factory program-
27C512A-12 120 32-Lead PLCC ming available. 
27C512A-10 100 32-Lead LCC 
27C512A-90 90 28-Lead SOIC 
~7C512A·70 70 28-Lead TSOP 

28-Lead VSOP 

512KBit 64Kx8 27LV512-30 300 Static +3.0Vto 28-Lead DIP, PDIP 27C512 compatible 
27LV512-25 250 5.5V 32-Lead PLCC 
27LV512-20 200 32-Lead LCC 

28-Lead SOIC 
28-Lead TSOP 
28-Lead VSOP 

256K Bit 32Kx8 27HC256L-90 90 Static +5.0V 28-Lead DIP, PDIP 27C256 
32-Lead PLCC compatible 
32-Lead LCC 
28-Lead SOIC 
28-Lead TSOP 
28-Lead VSOP 

SERIAL EPROM PRODUCT SPECIFICATIONS 

Density Organization 
Part 

Operation 
Supply 

Package Features 
Number VoHage 

36KBit 36Kx 1 37LV36 Static +3.0to 8-LeadSOIC Operational equiva-
6.0 8-Lead PDIP lent to Xilinx 

20-Lead PLCC XC1736 

65KBit 65Kx 1 37LV65 Static +3.0to 8-LeadSOIC Operational equilia-
6.0 8-Lead PDIP lent to Xilinx 

20-Lead PLCC XC1765 

128K Bit 128K x 1 37LV128 Static +3.0to 8-Lead SOIC Operational equiva-
6.0 8-Lead PDIP lent to Xilinx 

20-Lead PLCC XC17128 

Note: Some package/speed/temperature combinations may not be available. Please consult your authorized 
Microchip Representative. 

DEVELOPMENT SYSTEMS 

Description 

Total Endurance™ Disk 

Serial [Designer's Kit] 
EE PROM 

DS00031 J-page 6-B 

Part Number 

SW242001 

DV243001 

Features 

Application oriented, predictive software model. Models the 
performance of erase/write cycle endurance (FIT, PPM lev
els and operating life) of Microchip Serial EEPROMs with 
DOS or Windows interface. 

Complete designer's kit for systems using Microchip's Serial 
EEPROMs. Designer's Kit includes Total Endurance Disk, 
SEEVAL™ programming and evaluation board, Serial 
EEPROM Handbook, power supply and all necessary 
cabling. 
• RS-232 connection to IBM® compatible PC 
• Windows and DOS based software to erase, write and 

fully exercise all Microchip Serial EEPROMs 
• Special Functions: user selectable security, program

mable endurance and special pinouts 
• All Microchip Serial EEPROMsfrom 256 bits to 64Kbits 

supported 

© 1995 Microchip Technology Inc. 



MICROCHIP ASSP 
Shortform Catalog to Application-Specific Standard Products 

The following shortform catalog will provide an over
view to Microchip Technology lnc.'s application-specific 
standard products including the TrueGauge™ Intelli
gent Battery Management Family, PC pointing device 
family, energy management controller, PICSEE 8-bil 
microcontrollers and development systems. 

© 1995 Microchip Technology Inc. 

For further information on application-specific standard 
products, please referto individual product data sheets. 
(Copies can be obtained by calling your local Microchip 
sales office.) 

DS00031J/A-page 6-9 

• 



ASSP 

TRUEGAUGE™ INTELLIGENT BATTERY MANAGEMENT 

Function/Description 

Integrated 
Battery 
Capacity 
Monitoring 
and Charge 
Controller 

Programmable 
Intelligent Battery 
l.C. 

DS00031J/A-page 6·10 

The MTA 11200 TrueGauge Bat
tery "Fuel Gauge" and Charge 
Controller IC is a simple full-fea
tured solution to battery monitoring 
and charging. It is designed to 
operate with either NiCd, NiMH or 
lead acid battery packs. The 
MTA 11200 digitally integrates bat
tery charge and discharge current 
to determine the battery state of 
charge. 

The MTA11200 is ideally suited for 
use in portable computers, porta
ble video equipment, cellular 
phones, and other products relying 
on rechargeable battery technol
ogy. It excels in applications where 
an accurate "fuel gauge" is desired 
to prevent interruption in use, or 
data loss due to insufficient battery 
power. 

TJ:le MTA 14000 is a high perfor
mance mixed-signal microcontrol
ler based on Microchip's powerful 
8-bit RISC core that enables 
real-time measurement and pro
cessing of battery parameters 
including voltage, charge current, 
discharge current, temperature, 
and total number of cycles. It sup
ports 4096 woi'ds of program mem
ory, 192 bytes of RAM, 11 
interrupts, 38 special function hard
ware registers and eight levels of 
hardware stack. 

The MTA14000 is ideally suited for 
use in smart battery controllers, 
battery chargers, uninterruptable 
power supply controllers, smart 
sensors, HVAC controllers and 
data acquisition. 

Part 
Number Package Features 

MTA11200 28 Lead • Low-cost 
• Operates with NiCd, NiMH 

or lead acid battery pack 
• From 3.0 volts to 25VDC 
• Real-time RS-232 interface 

provides battery data on 
remaining cap~city, total 
capacity, battery voltage, 
current and temperature 

• Five levels of overcharge 
protei:tion 

• Automatic measurement of 
battery capacity and 
request of condition cycles 

• Logs battery information 
such as number of charge 
cycles, over temperature, 
under temperature, and 
over voltage conditions 

MTA14000 28 Lead • RISC core 
• 35 single word instructions 
• Fully code compatible with 

Microchip's standai'd 
PIC16/17 microcontroller 
family 

• 4K Program Memory, 192 
bytes RAM, 11 interrupts, 
eight levels of stack 

• 8-channel analog-to-digital 
converter with programma
ble resolution up to 16 bits 

• Two 3-decade digital-to
analog converters 

• Multiple power down con
trols for analog circuits 

• Synchronous Serial Port 
compatible with 12C™, 
ACCESS.bus™, System 
Management Bus 

• 110 pins with individual 
direction control allowing for 
support of any other com
munications interface such 
as RS-232 and one-wire 

© 1995 Microchip Technology Inc. 



TRUEGAUGE™ DEVELOPMENT TOOLS 

Function/Description 
Part 

Number 

ASSP 

Features 

TrueGauge 
Development 
Tool 

The MTA11200TrueGauge lntelli- DV114001 
gent Battery Management IC is 

The TrueGauge development tool is a tool for 
system development under Windows. The 
development tool kit contains the support by a user friendly tool for 

system development. The 
DV114001 operates under 
Microsoft Windows™. This devel-
opment tool enables the 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 
interface provides a graphically-ori-
ented development environment. 
The data logging feature saves 
measured data into a file that can 
be imported to Excel®. 

PC POINTING DEVICES 

Function/Description 
Part 

Number 

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 

• DesignNerification software on a 3.5" 
diskette 

• MTA 11200 and 24LC01 B product 
samples 

• MTA11200 data sheet 

• TrueGauge Development Tool User's 
Guide 

Package Features 

Mouse 
Controller 

The MTA41XXXMouse Controllers MTA41300 18 Lead Low~ost mouse controller with 
support for IBM PS/2®~ompliant 
or Microsoft® serial-format-com
patible.• The MTA41300 con
troller supports 2-button mouse 
or trackball operation. Packag
ing is available in 300 mil wide 
PDIP and SOIC 

are the heart of a simple, low-cost 
mouse or trackball solution. The 
MTA41XXX family supports all 
Apple® Computer and IBM® 
PC-compatible formats. 

MTA41110 18 Lead Low~ost, low power mouse con
troller with complete support for 
IBM PS/2 interface format. Like 
the MTA41300, the MTA41110 
controller supports 2-button 
mouse or trackball operation, but 
unique software features of the 
MTA4111 o allow for direct input 
from optical encoders without 
the need for external compara
tors. LED strobing is also sup
ported by the MTA4111 O for 
low-power applications. 

MTA41120 18 Lead Same as MTA41110 except 
offers complete support for 
Apple Computer ADS™ inter
face. 

•The code in this product was not developed or licensed by Microsoft Corporation. 
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ASSP 

ENERGY MANAGEMENT DEVICES 

Function/Description Part 
Number 

Energy 
Management 
Controller 

The MTE1122 Energy Manage- MTE1122 
ment Controller combines 
Microchip's proprietary PIC16/17 
8-bit RISC microcontroller technol-
ogy with a unique, patent pending 
power management finnware algo-
rithm in a single package. This 
device, by monitoring and control-
ling the supply requirements into 
an AC induction motor, effectively 
reduces the power consumed by 
the motor. The MTE1122 is avail-
able in both plastic DIP and 
space-saving SOIC packages, and 
operates over commercial and 
industrial ranges. 

DS00031J/A-page 6-12 

Packag.e Features 

18 Lead • Low cost 
• Reduces power consump

tion of AC induction motors 
• Protects against brownouts 

and power surges 

© 1995 Microchip Technology Inc. 



ASSP 

PICSEE FAMILY OF MICROCONTROLLERS WITH SERIAL EEPROM 

Function/Description Part 
Number 

8-Bit 
Microcontroller 
with Serial 

The PICSEE™ offers the unique MTA81010 

EE PROM 

combination of an EPROM-based 
microcontroller and a Serial 
EEPROM in a single package. The 
MTA81010 is a multi-chip module 
that integrates a PIC16C54 
low-cost, high-performance, 8-bit, 
fully-static, EPROM-based CMOS 
microcontroller with a 24LC01 B 
1024-bit Serial EEPROM config-
ured 128K x 8. The integration of 
these two popular chips into a sin-
gle package reduces system cost, 
board area and inventory. 

© 1995 Microchip Technology Inc. 

MTA85XXX 

Package 

28 Lead 

20 Lead 
SSOP 

Features 

• 512 x 12 EPROM 

• 1KEEPROM 

• 32 bytes of RAM registers 

• 12 bidirectional 1/0 lines 

• RTCC timer/counter 

• Free running watchdog 
timer and load protection 
fuse 

• EEPROM is configured as 
8-byte page 

• Maximum write time 10ms 

• 100K erase write cycles 
minimum 

• 400KHz clock, hardware 
write-protect 

• Available in the oscillator 
configurations RC, XT, LP 

• Frequency range: from 
25KHz through 4MHz down 
to 2.5 volt operation 

• Temperature ranges: 
0°c to +10°c, -40°C to 
+85°C, and -400C to 
+125°c 

• Packaging: available in 600 
mil wide PDIP, CERDIP 
(Windowed), SSOP and 
300 mil wide SOIC 

• 512 or 2048 x 12 on-chip 
EPROM 

• 1 K or 2K EEPROM 

• 25 or 72 x 8 general 
purpose registers (SAAM) 

• 7 special function 
hardware registers 

• 12 1/0 pins with individual 
direction control 

• 8-bit real time clock/counter 
(RTCC) with 8-bit program-
mable prescaler 

• Clock frequencies available: 
4MHz, 10MHz 
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ASSP 

PICSEE FAMILY DEVELOPMENTTOOLS 

Function/Description Part Number Package Features 

PICSEE PICSEESTART is a very low-cost DV813001 28 Lead • PICSEE Adapter Kit 
Development entry-leveldevelopmentsystemlor PICSEESTART·81A • PICSTART-1681 
Kil the PICSEE microcontroller. It is a • Product sample kit 

combination of the PICSEE 
Adapter Kit and the • Complete system documenta-

tion 
PICSTART-1681 Development Kit. --------------------

PICSEE FAMILY PROGRAMMERS 

PICSEEKIT 

Function/Description 

The PICSEEKITs are program
mer adapters for use in conjunc
tion with PRO MATE or PICSTART 
programmers. Included is the 
in-circuit emulation adapter board 
for the PICMASTER-16A. 

DS00031J/A-page 6-14 

DV853001 20 Lead • PICSEE Adapter Kit 
PICSEESTART·85A • PICSTART-1661 

• Product sample kit 
• Complete system documenta

tion 

Part Number Package Features 

AC812001 28 Lead Supports programming of all PDIP, 
PICSEEKIT-81A SOIC and JW MTA81010 devices. 

AC814003 28 Lead Programming adapter sockets for 
DIP and SOIC devices. 

AC852001 20 Lead MTA85XXX programming adapter 
PICSEEKIT-85A and emulation kit. 

AC854001 20 Lead 20-lead SSOP programming adapter 
socket. 

© 1995 Microchip Technology Inc. 
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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 environ
ment for continuous improvement throughout the orga
nization. The benefits of the system are then not only 
enhanced product quality and reliability but also prod
uct services. 

THE CHALLENGE OF COMPLEXITY 

Integrating an Ideal 

Microchip's quality programs and business plan are 
vertically integrated and touch all levels of the com
pany. From the top down, the President and CEO 
actively lead programs to ensure continuous improve
ment is a perpetual process. Improvement and cross 
functional teams work to enhance performance at 
every department level. Incorporating the improve
ment 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 pro
grams 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 spe
cific functions required by the product (EEPROM, 
Microcontroller, Logic and EPROM). 

The baseline process, which has been in Manufactur
ing for the last 8 years, uses minimum dimensions of 
1.Sµm, 360A gate oxide thickness, N+ doped polysili
con gates and arsenic implanted source-drain diffu
sions for the N-channel devices. 

A more advanced process uses minimum dimensions 
of 1 µm, 250A gate oxide thickness, polycide gate and 
LDD junction for the N-channel devices. A double level 
metal module can be added to both processes. 

© 1995 Microchip Technology Inc. 

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 
removing charge from the floating gate. Charge is 
transferred bidirectionally to the floating gate by 
Fowler-Nordheim tunneling through a sub-1 O nm oxide 
over the drain of the transistor. This technology pro
duces a memory cell with a typical endurance of> 107 

cycles and greater than 40 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 injec
tion from the drain depletion region. Each byte can typ
ically be programmed in 100 microseconds, and can 
retain that data for more than 1 O years with unlimited 
reads. Block erasing is accomplished with a high 
intensity UV source through the package window. Win
dowed parts can be erased and reprogrammed more 
than 100 times. 

Microcontroller and Logic 

Logic products are built on a variety of Microchip's pro
cesses and their derivatives. These products have pro
cess 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 standards 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 
representing manufacturing, engineering, quality and 
product divisions ensure that exacting standards are 
met for each specific product. 

DS00047G-page 7-1 
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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 lev
els as product moves through the manufacturing 
operation. Microchip's acceptance sampling plans in 
assembly emphasize the attempt to eliminate defective 
product as it is discovered. Acceptance and sampling 
plans are based on proprietary low fraction defective 
(<1000ppm) quality statistics. 

To determine whether a process is within normal man
ufacturing 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:ln Line Con
trols) 

Control of Customer Quality is attained through a sta
tistical program based on minimum defect capability 
levels. These levels are defined as the error levels 
associated with the circuit design and science limita
tions 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 
Package). 

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 param
eter. Margin testing accounts for normal tolerances of 
any particular test system and provides the assurance 
that Microchip's products meet a customer's specifica
tions. 

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 
maintain Cpk's of > 1.5 and currently have typical val-
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ues of >2.0. Higher process capability values are con
tinually strived for indicating that better process control 
is being obtained. 

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 AOLs. 

For convenience, Microchip offers programming ser
vices for certain devices. This service is an advantage 
to the customer since it not only eliminates program
mability 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 oper
ate 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 speci
fications to ensure reliability. 

Ongoing Sampling of Key Reliability 
Variables 

Microchip conducts accelerated mechanical tests, 
operating 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 reliabil
ity improvement programs and is published in regular 
quarterly and yearly reports. 

© 1995 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 lime. 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 O (no chance of survival) to 1 (no chance of fail
ure). 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 opera
tion. 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 billion circuit-hours, or FITs. 

Note that a failure rate of 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. (See 
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 T1 
and T2. This long period of time is distinguished by a 
nearly constant and very low failure rate. After T2 is 
passed, the failure rate starts to increase slowly. This 
last phase of failure rate vs. time is known as the 
wear-out period. 

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. 

© 1995 Microchip Technology Inc. 

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: 

x EA[1 1] AF = e , where x = 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) 

Accelerated junction 
(degrees Kelvin) 

temperature 

Thus, the time to achieve a certain probability of failure 
at time T1 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 
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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 
example!) are: 

FAILURE MECHANISM EA (eV) 

Oxide/Dielectric Breakdown 

Electromigration 

Surface Related Contamination 

lntermetallics 

Floating Gate Charge Loss 

Hot Electron Trapping 

Charge Trapping 

0.3 

0.5 to 0.7 

1.0 

1.0 

0.6 to 1.2 

-.1 

0.12 

A compromise value of 0.6 electron-volts is often used 
when there is no specific information relating to the fail
ure modes being accelerated. 

RELIABILITY TESTS 

Operating Life Test 
The Operating Life Test is run under dynamic bias con
ditions where inputs are clocked. The test is conducted 
at high temperature to accelerate the failure mecha
nisms. The normal temperature for the test is +125°C 
for 1,000 hours. Readouts occur at 168 and 1,000 
hours. Early hour failures are usually associated 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 mech
anism that is accelerated is charge leakage from a 
stored element. 

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 page 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 
sequences. The test is intended to reveal any deficien
cies 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 ambi
ent. Duration for the test is typically 500 cycles for both 
plastic and ceramic packages. Endpoint criteria are 
both electrical and visual/mechanical. 
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Thermal Shock 

The Thermal Shock test is similar to the Temperature 
Cycle test except that the ambient during cycling is liq
uid-to-liquid. This stimulates rapid thermal 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 
number of cycles are 500 for qualification testing. 

Autoclave 
The autoclave test determines the survivability of 
devices in molded plastic packages to a hot, humid 
environment. The test exposes unbiased, plastic pack
aged devices to saturated steam at 121·c and 15 
pounds per square inch (one atmosphere) gauge pres
sure. 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. 

Temperature Humidity Test 
The Temperature Humidity test determines the surviv
ability of devices in molded plastic packages function
ing in a hot, humid environment. By convention, test 
conditions 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 protection and the plastic's lack of ionic impuri
ties. The applied bias is 5 volts on alternating pins or 
set up for minimum power to reduce internal heating 
and consequent moisture 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, due to the hightemperature. 
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QUALIFICATION CATEGORIES 

In general, qualification is required for new design, 
major changes in old design, process or material when 
either wafer fabrication or package assembly opera
tions are affected. Cross functional teams which 
include reliability develop new products for introduc
tion. In other areas, Microchip utilizes the concept of a 
Change Control Board which meets regularly to estab
lish which criteria is to be used for all specific proposed 
changes. This board is made up of representative lead
ers 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 

© 1995 Microchip Technology Inc. 
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APPENDIX A: IN LINE CONTROLS 

TABLE 1: CONTROLS • PLASTIC PACKAGE ASSEMBLY 

Responslblllty Referenced 
Operation Action Sample Plan 

MIL-STD Quality Prod 

Die Visual Reject defectives 10% sample LTPD 10 - x MIL-STD-883C 
100% rescreen per x - Method2010 
LTPD 

Wafer Saw Machine Shut Down One kerf per lot x - MIL-STD-883C 
Method2010 

Die Attach Machine Shut Down 4X/Lot/Machine LTPD 15 x - NIA 

Wire Bond Machine Shut Down 1% AOL each 1/2 shift x - MIL-STD-883C 
Method 2010 

Post Wire Bond Reject defectives LTPD 15 x - MIL-STD-883C 
100% rescreen per Method 2010 
LTPD 

Mold Press Machine Shut Down One sample /4 hrs x - N/A 

Die Plating Reject defectives Every 4 hrs LTPD 10 x - N/A 
100% rescreen per 
LTPD 

Trim and Form Reject defectives Once/ 2 hrs LTPD 10 x - N/A 
100% rescreen per 
LTPD 

External Visual and Reject defectives 100%LTPD2 - x MIL-STD-883C 
Documentation Verifi- 100% rescreen per x - Method 2010, 
cation LTPD Method 2016 
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TABLE 2: CONTROLS - CERAMIC PACKAGE ASSEMBLY 

Responsibility Referenced 
Operation Action Sample Plan 

MIL-STD Quality Prod 

Die Visual Reject defectives 10% LTPD 10 - x MIL-STD-883C 
100% rescreen per x - Method 2010 
LTPD 

Wafer Saw Machine Shut Down One kerf per lot x - MIL-STD-883C 
Method 2010 

Die Attach Machine Shut Down Non-destruct each 2 hrs x - MIL-STD-883C 
destruct each shift Method 2010 

Wire Bond Machine Shut Down 4X/shifVmachine x - MIL-STD-883C 
Method 2010 

Preseal Visual Reject defectives 100% LTPD 15 - x MIL-STD-883C 
100% rescreen per x - Method 2010 
LTPD 

Package Seal Machine Shut Down LTPO 15 x - N/A 

Environmental Machine Shut Down LTPD5 x - MIL-STD-883C 
Stress Centrifuge 84(0) Method 2001 
Temp Cycle 84(0) Method 1010 

Fine Leak Reject defectives LTPD 5 x - MIL-STD-883C 
100% rescreen per Method 1014 
LTPO 

Gross Leak Reject defectives LTPO 5 x - MIL-STD-883C 
100% rescreen per Method 1014 
LTPO 

Lead Trim Reject defectives 100% LTPD 2 - x MIL-STD-883C 
100% rescreen per x - Method 2009 
LTPD 

External Visual and Reject defectives 100% LTPD2 - x MIL-STD-883C 
Documentation Verifi- 100% rescreen per x - Method 2010, 
cation LTPD Method 2016 • 
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APPENDIX B: MATERIAL CONTROLS PACKAGE 

TABLE 3: MATERIALS CONTROLS- PLASTIC PACKAGE ASSEMBLY 

Responsibility Referenced 
Operation Action Sample Plan 

MIL-STD Quality Prod 

Lead Frame Reject defectives Visual, LTPD 2 x - NIA 
100% rescreen per Functional, LTPD 10 
LTPD and material spec 

Die Attach Epoxy Reject Functional, LTPD 15 and x - NIA 
material spec 

Gold Wire Reject Per material spec x - NIA 

Molding Compound Reject Spiral flow, 3X/1ot Fune- x - NIA 
tional, 1 X/lot and material 
spec 

TABLE 4: MATERIALS CONTROLS- CERAMIC PACKAGE ASSEMBLY 

Responsibility Referenced 
Operation Action Sample Plan 

MIL-STD Quality Prod 

Base/Lead Frame Reject 100% Visual, LTPD 10 x - MIL-M-38510 
rescreen per LTPD Functional, LTPD 1 O 

Bake test, LTPD 15 
Dimensions, LTPD 50 
and material spec 

Package Reject 100% Visual, LTPD 10 x - MIL-M-38510 
rescreen per LTPD Functional, LTPD 10 

Bake test, LTPD 15 
Dimensions, LTPD 50 
and material spec 

Preform Reject Visual, LTPD 10 x - MIL-M-38510 
Functional, LTPD 15 

Bond Wire Reject Per material spec x - MIL-M-38510 
2 spools/lot 

Lid Reject Visual, LTPD 7 x - MIL-M-38510 
Functional, LTPD 1 O 
and material spec 
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MICROCHIP 

Product Reliability 

OVERVIEW 
Microchip Technology lnc.'s products provide com
petitive 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 
ongoing reliability data monitors. This document pre
sents 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 
performance 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 
exp'resses the degree to which temperature increases 
the failure rate. 

The activation energy values determined by Microchip 
Technology agree closely with those published in the lit
erature. 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. This activation energy also applies to 
some of our retention bake failures, though most are 
1.2eV. 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 environ
ment. 

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 
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the case if a fan, a heat sink, or air flow by convection 
is used. 

Environment J Typical Failure Mechanism 

Operating Life Process parameter drifVshift 
Metal electromigration 
Internal leakage path 
Lifted bond/ball bond chip-out 

Temperature Cycle Lifted bond/ball chip-out 
Cracked die or surface cracks 
Bond pad corrosion 

Biased-Humidity Internal circuit corrosion 

Autoclave Inter-pin leakage 
Charge loss 

High Temp. Bake Charge loss 

High Temp. Charge gain, Parameter 
Reverse Bias drifVshift 

DEFINITIONS 
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 
severe extremes of temperature in an alternating fash
ion (-65"C for 15 minutes, 150"C for 15 minutes per 
cycle). Package strength, bond quality and consis
tency of assembly process are stressed using this envi
ronment. 

Biased-Humidity: Moisture and bias are used to 
accelerate 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 
packaged devices are exposed to moisture at 121·c. 
The pressure forces moisture permeation of the pack
age and accelerates related failure mechanisms, if 
present, on the device. 
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Thermal Shock: Exposes devices to extreme temper
atures from -55°C to +125°C by alternate immersion in 
liquid media. 

Retention Bake: A 15o·c temperature stress is used 
to accelerate charge loss in the memory cell and mea
sure the data retention on the EPROM and EEPROM 
portions 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 
humidity. Typical bias voltage is +5 Volts and ground on 
alternating pins. 

RELIABILITY CONTROL SYSTEM 

A comprehensive qualification system ensures that 
released products are designed, processed, packaged 
and tested to meet both design functionality and strict 
reliability objectives. Once qualified, a reliability moni
tor system ensures that wafer fabrication and assembly 
process performance is stable over time. A set of base
line specifications is maintained that states which 
changes require requalification. These process 
changes can only be made after successful demonstra
tion of reliability performance. This system results in 
reliable field performance, while enabling the smooth 
phase-in of improved designs and product capability. 

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 pro
cess in evaluating the latest developments in plastic 
packaging technology, and implement the highest reli
ability materials and assembly techniques. The plastic 
packages that are currently available from Microchip 
are listed in the table below. 

Package Description Identification Code 

Package Description Identification Code 

Plastic Leadless Chip Carrier 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 

FIGURE 1: RELIABILITY CONTROL SYSTEM DIAGRAM 

Specify: 

• Design objectives/specifica-
tions 

• Testability goals 

• Reliability requirements 

• Process/packaging require-
ments 

• Design guidelines 

Design: 

• Functional models 

• Logic design & verification 

• Circuit design & verification 

• Layout design & verification 

• Prototype verification 

• Performance characteriza-
tion 

Develop (as required): 

• Wafer fabrication processes 

• Package/packaging technol
ogy 
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Confirm design objectives 
using qualification tests: 

• Operating life, 125°C ambi-
ent 

• Temp-cycle, -65°/150°C 
• Thermal shock, -65°/15o·c 

• ESD, ± 2000 V HBM 

• ESD,±100VMM 

• Latch-up (CMOS devices) 

• Biased-humidity, 85°C/85% 

• Autoclave (pressure cooker) 
retention bake 

Assure Outgoing Quality Level: 

• Design release document 

• Baseline wafer fabrication pro-
cess 

• Baseline assembly process 

• Qualification release 

• Enter device to specification sys-
tem 

• Wafer-level reliability controls 

• Assembly reliability controls 

• Early failure rate sampling 

• Reliability monitoring 

• Statistical process control feed-
back 

• Audit specifications 

• Analyze returned failures 

• Requalify devices as needed for 
major changes such as ESD 
resistance enhancement, cost 
reduction/die shrink, process 
improvement, and new package 
types. 
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HIGH TEMPERATURE (125°C) 
DYNAMIC LIFE TEST 
Graph set for EEPROM, PIC16/17 and EPROM 
for all conditions 

High temperature dynamic life testing accelerates ran
dom failure modes which would occur in user applica
tions. Voltage bias and address signals are used to 
exercise the device in a manner similar to user sys
tems. 

FIGURE 2: EEPROM DYNAMIC LIFE 
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FIGURE 3: EPROM DYNAMIC LIFE 
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FIGURE 4: PIC16/17 MICROCONTROLLER 
DYNAMIC LIFE 
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DATA RETENTION BAKE 
Pata storage in applicable devices is done by develop
ing a charge on the floating gate structure in the mem
ory cell. Charge loss in this cell structure results in a 
conversion of zeroes to ones. In order to evaluate the 
level of this type of failure, devices are subjected to a 
150'C bake. This bake accelerates charge loss in the 
memory cell and 1000 hours at 1 SO"C is equivalent to 
approximately 13.5 years in the field at 55"C. 

FIGURE 5: EEPROM RETENTION BAKE 
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FIGURE 6: EPROM RETENTION BAKE 
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FIGURE7: PIC16/17 MICROCONTROLLER 
RETENTION BAKE 
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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 time interval normally 
expected for graphical presentation. However, 
Chi-square statistics demand equivalent device-hours 
for fair interval comparison. Such data grouping 
assures that relatively small sample sizes do not indi· 
cate unrepresentative FIT rates. 
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BIASED 85°/85% R.H. 
Microchip Technology evaluates plastic encapsulated 
devices ability to withstand high temperature, high 
humidity 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 cor
rosion 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 0/5152 2/5152 2/5150 4/5148 

PLCC 0/3909 5/3909 2/3904 3/3902 

SOIC 0/4827 5/4827 1/4694 0/4693 

TSOP 0/377 0/377 0/377 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 for this 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 0/10199 5/10199 

PLCC 0/4978 4/4978 

SOIC 0/8764 7/8764 

TSOP 0/234 2/234 
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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 
requirements. 

Operating Results 

Package 15 Cycles 100 Cycles 500Cycles 

PDIP 0/3112 3/2514 3/2054 

PLCC 0/1413 0/1275 1/907 

SOIC 0/1895 0/1665 0/837 

TSOP 0/234 0/96 0/96 

SSOP 0/240 0/194 0/94 

VSOP 0/46 0/0 0/0 

THERMAL SHOCK 
Thermal shock is the most extreme case of tempera
ture cycling by using liquid immersion for the technique 
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 elec
trical testing to further uncover any defects that may 
have occurred under stress. 

Operating Results 

Package 15 Cycles 100Cycles 500Cycles 

PDIP 015700 2/3386 0/2682 

PLCC 0/2365 211487 7/1292 

SOIC 0/3422 0/2332 0/2056 

TSOP 0/330 0/234 0/96 

SSOP 0/234 0/140 0/94 

VSOP 0/46 0/46 010 

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. 

Operating Results 

Package 48 Hours 168 Hours 

PDIP 1/3707 1/2030 

PLCC 2/1542 0/1170 

SOIC 5/2784 3/2779 
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PRODUCT RELIABILITY DATA 

Operating Hours 

Device Operation 24 168 504 1008 Falls Device Hours 

PIC16C57 DLT 0/11648 11/11648 0/5316 0/5316 11 6,422,304 

PIC16C56 DLT 0/9192 1/9192 1/3672 1/3671 3 4,628,736 

PIC16C55 DLT 0/9215 1/9215 1/4562 214561 4 5,380,200 

PIC16C54 DLT 1/13424 1/13423 3/7334 1/7331 6 8,415,792 

PC16C84 DLT 0/1305 0/1305 0/1023 1/1023 1,078,560 

PIC16C57 BAKE 0/13092 0/13092 1/2788 0/2787 4,541,376 

PIC16C56 BAKE 0/11136 2111136 0/2280 0/2280 2 3,786,048 

PIC16C55 BAKE 0/9887 1/9887 1 /2823 1 /2822 3 4,032,336 

PIC16C54 BAKE 0/15938 2115938 1/4689 0/4688 3 6,616,344 

PIC16C84 BAKE 0/485 0/485 0/485 0/485 0 488,880 

Operating Hours 

Device Operation 24 168 504 1008 Falls Device Hours 

24CXX DLT 0/18597 1/18597 215735 4/5733 7 7,941,696 

93CXX DLT 216993 4/6991 0/2601 0/2601 6 3,359,664 

24LCXX DLT 0/15164 3115164 218427 318425 8 9,626,232 

93LCXX DLT 0/7771 517771 313188 213185 10 3,983,448 

28C16 DLT 0/2681 212681 0/1071 0/1071 2 1,350,048 

28C64 DLT 1/5800 4/5799 0/2586 0/2586 5 3,146,640 

24CXX BAKE 2/14345 1/14343 1/3600 213599 6 5,433,960 

93CXX BAKE 0/6320 0/6320 0/1425 0/1425 0 2,258,760 

24LCXX BAKE 0/11842 0/11842 0/5004 1/5004 6,192,816 

93LCXX BAKE 0/6969 0/6969 0/3192 0/3192 0 3,852,072 

28C16 BAKE 1/3840 2/3839 21797 1/795 6 1,314,600 

28C64 BAKE 0/3942 26/3942 1/1144 1/1143 28 1,623,216 

Operating Hours 

Device Operation 24 168 504 1008 Falls Device Hours 

27HC256 DLT 0/2316 1/2316 1/1166 0/1165 2 1,368,528 

27C256 DLT 1/9666 4/9665 0/2028 0/2028 5 3,327,408 

27C512 DLT 0/3658 4/3658 0/1260 0/1260 4 1,672,944 

27HC256 BAKE 0/2656 5/2656 1/627 0/626 6 972,888 

27C256 BAKE 219905 319903 0/2478 1/2478 6 3,745,560 

27C512 BAKE 2/3334 16/3332 1/570 2/569 21 1,038,912 

Operation Legend: DLT- Dynamic Life Test (125°C) Bake -Retention Bake {1500C) 

FITS 
60%CL055°c 
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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 
requirements 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 
requirements, or any other comparisons, these factors 
must be well understood and taken into account. 

TECHNOLOGY OVERVIEW 

Silicon Technology 
The basic technology employed by Microchip Technol
ogy for EEPROM's is a FLOTOX structure as drawn 
below. This is a an industry standard architecture base 
~hich has been enhanced by Microchip to provide 
improvements to the quality and reliability of the 
devices produced. 

Memory Call Gata 

f\'SPoly-Silicon. Level 2@ 

Inter-Leval Dielectric 

Circuit Technology 
These cells are then structured in either an 8 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 indus
try wide on memory devices. Data can then be trans
mitted either into the device for storage or read from the 
device when needed along a single DATA pin, (fC bus) 
or a dual Data in/Data out configuration (3-wire bus). 
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 uti
lize 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 Hamming code and has been implemented on 
the 24LCXX and 93LCXX circuits. 

Row Select Transistor 

- .... -~ 
Common Source ---~ 

~ 
MemorJ Cell Gate 

ur---- BitLine 

~ 
Row Select 
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Reliability Endurance 

The endurance failure rate curve for the Microchip 
devices is presented in the standard form for this curve 
from EEPROM FLOTOX manufacturers. Microchip 
does write/erase cycle all EEPROM devices prior to 
shipment to remove the infant mortality endurance fail
ures from the population. This characteristic curve, with 
two failure increase sections, is shown below for refer
ence. Both sections have single bits failing as the dom
inant mechanism. 

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 permanently rupture. This generally char
acterizes the first 200K write/erase cycles under any 
conditions. The ~econd curve is the standard trap up of 
electrons within the tunnel dielectric which closes the 
write/erase threshold window until the device no longer 
adequately programs or erases. 

This curve depends on multiple parameters, but the 
trap up failure increase portion often does not occur 
until ten million write/erase cycles or greater. 

The first failures from endurance cycling and the long 
term end of life failures are due to different mecha
nisms. 

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 for
mation of a conductive path within the gate oxide layer. 

These oxide breakdown failures can be related to 
defects 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 ifs 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 detection circuitry of the device. This results in a 
failure to read the correct pattern, (impossible to distin
guish between a programmed one and a programmed 
zero) beginning with the extreme voltage values of the 
operating specification. 

Microchip strives to offer the lowest failure rate for both 
early life and wearout fails. Early fails in Microchip 
products are in the PPM range, and wearout does not 
set in most applications until after ten million cycles. 

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 
mate.rial 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 in both check
erboard and inverse checkerboard forms and 
electrically tested to ensure that data sheet require
ments are met. This data is accumulated on a monthly 
basis and reviewed to measure both results of continu
ous improvement programs and conformance against 
the device standards. 
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ENDURANCE VARIABLES 

a) Temperature: Within the FLOTOX technology, 
temperature has an inverse effect on the endur
ance 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 fail
ure 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 tech
nologies this does have a positive effect, how
ever, 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 occur
rence 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 writ
ten 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 obvi
ously where the write timer is externally con
trolled. 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 VCC=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 
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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 
checkerboard/ inverse checkerboard patterned 
device to endure twice the number of write 
cycles that an all zero patterned device would 
last. In general this appears to be approximately 
correct but does neglect the charge pump and 
other peripheral wearout mechanisms. 

f) Cycllng mode: Three modes exist in Microchip 
devices 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. A second technique 
exists called block mode which exercises all the 
cells of the array simultaneously. The lifetime 
expectations are approximately ten times as 
long for these block cycled devices as equiva
lently cycled byte cycled circuits 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 uti
lized provides a much larger resistive/capacitive 
load which slows the signal rise ultimately result
ing in the greater lifetime. Please note that the 
page mode which can be utilized by the custom
ers falls between the block and byte modes with 
respect to failure rate. Page mode offers the 
best balance of endurance and write cycle 
times. 

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. 
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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 dis
kette called Total Endurance™. This allows the cus
tomer to bypass confusing information and conditions 
other than their application and directly predict the fail
ures 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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Device 
Application 

Cum Percent 
Life 

24C02A 10years 154 PPM 

24C04A 10 years 172 PPM 

93C46 10 years 136 PPM 

24LC02B 10 years 108 PPM 

24LC04B 10 years 131 PPM 

24LC16B 10 years 668PPM 

93LC46B 10 years 374 PPM 

93LC56B 10 years 108 PPM 

24LC65HE 10 years 131 PPM 

24LC65SE 10 years 4061 PPM 

Typical conditions used are 25°C, Byte mode operation 
with 24 cycles per day, Vee = 4.5 Volts with a random 
pattern writing one quarter of the array at each occa
sion. 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 Endur
ance, it is recommended that the user obtain a copy of 
Total Endurance. 
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MICROCHIP PACKAGING 
Commercial/Industrial Outlines and Parameters 

PART NUMBER SUFFIX DESIGNATIONS: 
XXXXXXXXXX • XX X/XX XXX Examples: 

I L OTP, SQTP, or ROM Code or Special Requirements 

Case Outline 
D =Ceramic 

27C256T - 151/J 
PIC16C54 - RCVSO 

J = CERDIP (with window if EPROM) - all products except Microcontrollers 
K = LCC (Ceramic Leadless Chip Carrier, not thermally enhanced) 
L = PLCC {Plastic Leaded Chip Carrier) 
P = Plastic DIP 
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 = Plastic Quad Flat Pack (PQFP) - Metric 
SJ = Skinny CERDIP 
SL = 14-Lead Small Outline 150 mil 
SM = 8-Lead Small Outline 207 mil 
SN = 8-Lead Small Outline 150 mil 
SO = Small Outline 300 mil 
SP = Skinny Plastic Carrier 
SS = Shrink Small Outline Package 
TS = Thin Small Outline (TSOP) 8 mm x 20 mm 
VS =Very Small Outline (VSOP) 8 mm x 13.4 mm 

'---- Process Temperature 
Blank = 0°C to +70°C 
I = -40°C to +85°C 
E = -40°C to+ 125°C 

.__ ____ Speed (EPROM/High Density EEPROM) 

-55 = 55 ns 

Crystal Frequency Designator 
for PIC16117 Microcontrollers 

-70 =70ns 
-90 = 90 ns 
-10 = 100 ns 
-12 = 120 ns 
-15 = 150 ns 
-17 = 170 ns 
-20 = 200 ns 
-25 = 250 ns 
-30 = 300 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 = 1.8V 
LV = Low Voltage 
HC = High Speed 
LCS = Low Power Security 
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LP = Low Power Crystal 
RC = Resistor Capacitor 
XT = Standard Crystal/Resonator 
HS = High Speed Crystal 
-04 = 4 MHz 
-10 = 10 MHz 
-16 = 16 MHz 
-20 = 20 MHz 
-25 = 25 MHz 
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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 

81 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 

eB 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 "B1" is nominal. 
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Packaging Diagrams and Parameters 

Package Type: 8-Lead Ceramic Side Brazed Dual In-Line (300 mil) 
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Package Group: Ceramic Side Brazed Dual In-Line (CER) 

Millimeters Inches 
Symbol 

Min Max Notes Min Max 

0: 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 0.406 0.508 0.016 0.020 

81 1.371 1.371 Typical 0.054 0.054 

c 0.228 0.305 Typical 0.009 0.012 

D 13.004 13.412 0.512 0.528 

D1 7.416 7.824 Reference 0.292 0.308 
E 7.569 8.230 0.298 0.324 

E1 7.112 7.620 0.280 0.300 

e1 2.540 2.540 Typical 0.100 0.100 

eA 7.620 7.620 Reference 0.300 0.300 

eB 7.620 9.652 0.300 0.380 
L 3.302 3.810 0.130 0.150 

N 8 8 8 8 

s 2.540 3.048 0.100 0.120 

81 0.127 - 0.005 -
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Notes 

Typical 

Typical 

Reference 

Typical 

Reference 
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MICROCHIP 

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 

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 0.406 0.508 0.016 0.020 

81 1.270 1.270 Typical 0.050 0.050 Typical 

c 0.203 0.305 Typical 0.008 0.012 Typical 

D 18.796 19.228 0.740 0.757 

D1 15.036 15.444 Reference 0.592 0.608 Reference 

E 7.620 8.382 0.300 0.330 

E1 7.061 7.570 0.278 0.298 

e1 2.362 2.744 Typical 0.093 0.108 Typical 

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 - 2.490 - 0.098 

$1 0.127 - 0.005 -
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 16-Lead Ceramic Side Brazed Dual In-line (300 mil) 
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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 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 0.406 0.508 O.Q16 0.020 
81 1.371 1.371 Typical 0.054 0.054 Typical 

c 0.228 0.305 Typical 0.009 0.012 Typical 

0 19.812 20.574 0.780 0.810 
01 17.653 17.907 Reference 0.695 0.705 Reference 

E 7.620 8.382 0.300 0.330 
E1 7.162 7.470 0.282 0.294 

e1 2.413 2.667 Typical 0.095 0.105 Typical 

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 16 16 16 16 

s - 2.032 - 0.080 
S1 0.127 - 0.005 -
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Packaging Diagrams and Parameters 

Package Type: 18-Lead Ceramic Side Brazed Dual In-line (300 mil) 
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Package Group: Ceramic Side Brazed Dual In-Line (CER) 

Millimeters Inches 
Symbol 

Min Max Notes Min Max Notes 

a oo 100 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 0.406 0.508 O.D16 0.020 
61 1.371 1.371 Typical 0.054 0.054 Typical 
c 0.228 0.305 Typical 0.009 0.012 Typical 

0 22.352 23.114 0.880 0.910 
01 20.193 20.447 Reference 0.795 0.805 Reference 
E 7.620 8.382 0.300 0.330 

E1 7.061 7.570 0.278 0.298 
e1 2.413 2.667 Typical 0.095 0.105 Typical 
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 18 18 18 18 
s - 2.490 - 0.098 

81 0.127 - 0.005 -
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Packaging Diagrams and Parameters 

Package Type: 22-Lead Ceramic Side Brazed Dual In-line (400 mil) 
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Package Group: Ceramic Side Brazed Dual In-Line (CER) 

Millimeters Inches 
Symbol 

Min Max Notes Min Max Notes 

Cl. oo 10° oo 10° 
A 2.667 4.064 0.105 0.160 

A1 0.711 1.220 0.028 0.048 

A2 2.032 3.302 0.080 0.130 
A3 1.778 2.921 0.070 0.115 
B 0.431 0.585 0.017 0.023 

81 1.016 1.016 Typical 0.040 0.040 Typical 

c 0.228 0.305 Typical 0.009 0.012 Typical 
D 27.152 27.864 1.069 1.091 
01 25.296 25.604 Reference 0.992 1.008 Reference 

E 10.160 10.922 0.400 0.430 
E1 9.728 9.983 0.383 0.393 

e1 2.336 2.744 Typical 0.092 0.108 Typical 
eA 9.906 10.414 Reference 0.390 0.410 Reference 

eB 10.160 12.192 0.400 0.480 
L 3.175 4.191 0.125 0.165 
N 22 22 22 22 

s - 2.032 - 0.080 
81 0.127 - 0.005 -
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Packaging Diagrams and Parameters 

Package Type: 24-Lead Ceramic Side Brazed Dual In-line (600 mil) 
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Package Group: Ceramic Side Brazed Dual In-Line (CER) 

Millimeters Inches 
Symbol 

Min Max Notes Min Max Notes 

a oo 100 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 1.778 2.540 0.070 0.100 
B 0.406 0.508 0.016 0.020 

81 1.270 1.270 Typical 0.050 0.050 Typical 

c 0.228 0.305 Typical 0.009 0.012 Typical 

0 30.175 30.745 * 1.188 1.212 
01 27.736 28.144 Reference 1.092 1.108 Reference 

E 14.986 16.002 0.590 0.630 
E1 14.782 14.936 0.582 0.588 
e1 2.336 2.744 Typical 0.092 0.108 Typical 

eA 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 -
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Packaging Diagrams and Parameters 

Package Type: 24-Lead Ceramic Side Brazed Dual In-line with Window (600 mil) 
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----eB---.., 

Package Group: Ceramic Side Brazed Dual In-Line (CER) 

Millimeters Inches 
Symbol 

Min Max Notes Min Max Notes 

<X oo 10° oo 10° 
A 3.048 4.445 0.120 0.175 
Al 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 0.406 0.508 O.Q16 0.020 
Bl 1.270 1.270 Typical 0.050 0.050 Typical 
c 0.228 0.305 Typical 0.009 0.012 Typical 
D 30.175 30.785 1.188 1.212 
01 27.736 28.144 Reference 1.092 1.108 Reference 
E 14.986 16.002 0.590 0.630 

E1 14.782 14.936 0.582 0.588 
el 2.336 2.744 Typical 0.092 0.108 Typical 
eA 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 
Sl 0.127 - 0.005 -
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 28-Lead Ceramic Side Brazed Dual In-Line with Window (300 mil) 

/ifl'.'.!..:i c= 
Pin #1 
Indicator Area 

Symbol 

iX 

A 
A1 
A2 
A3 
B 
81 
c 
D 
01 
E 
E1 
e1 
eA 
eB 
L 
N 

s 
$1 

DS00049F-page 8' 12 

:r-+c 
, ,i.~eA-, 

a / :I..-es------.l 

Package Group: Ceramic Side Brazed Dual In-Line (CEA) 

Millimeters Inches 

Min Max Notes Min Max Notes 

o• 10° oo 10° 
3.937 5.030 0.155 0.198 
1.016 1.524 0.040 0.060 
2.921 3.506 0.115 0.138 
1.930 2.388 0.076 0.094 
0.406 0.508 O.Q16 0.020 
1.219 1.321 Typical 0.048 0.052 

0.228 0.305 Typical 0.009 0.012 
35.204 35.916 1.386 1.414 

32.893 33.147 Reference 1.295 1.305 
7.620 8.128 0.300 0.320 

7.366 7.620 0.290 0.300 

2.413 2.667 Typical 0.095 0.105 
7.366 7.874 Reference 0.290 0.310 

7.594 8.179 0.299 0.322 
3.302 4.064 0.130 0.160 

28 28 28 28 
1.143 1.397 0.045 0.055 

0.533 0.737 0.021 0.029 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 28-Lead Ceramic Side Brazed Dual In-line (600 mil) 

·~:kc 
f I \ \ 
I ~eA--.: ; 
' ' ' ea ' 

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 4.064 0.120 0.160 
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 

8 0.457 0.508 0.018 0.020 

81 1.270 1.270 Typical 0.050 0.050 Typical 

c 0.228 0.305 Typical 0.009 0.012 Typical 
D 35.204 35.916 1.386 1.414 
01 32.816 33.224 Reference 1.292 1.308 Reference 
E 14.986 16.002 0.590 0.630 

E1 14.782 15.190 0.582 0.598 

e1 2.489 2.591 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 -
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 28-Lead Ceramic Side Brazed Dual ln·line with Window (600 mil) 

·~:He 
;'· :...--eA~ ''i 
' ' ' es ' 

: D : ! I I 
B ~WM;sc ~S1-+! l=--i--- ___ LL ase - ---- --- --
Plane"'--. ; ; ; : _J__ __ T _____ f 
~~~~ng - ·11 r-- -- --- --- ----- -- ---1-- 1----tT--i---r 

B1--jl!!i-- -i e1 ·.~-T A1 A3 A A2 
B --:::-- I .------- 01------

Package Group: Ceramic Side Brazed Dual In-Line {CER) 

Millimeters Inches 
Symbol 

Min Max Notes Min Max Notes 

ex oo 10° oo 10° 
A 3.048 4.064 0.120 0.160 

A1 1.016 1.524 0.040 0.060 

A2 2.032 2,921 0.080 0.115 
A3 1.778 2.540 0.070 0.100 
B 0.457 0.508 0.018 0.020 
81 1.270 1.270 Typical 0.050 0.050 Typical 

c 0.228 0.305 Typical 0.009 0.012 Typical 

D 35.204 35.916 1.386 1.414 
D1 32.816 33.224 Reference 1.292 1.308 Reference 

E 14.986 16.002 0.590 0.630 
E1 14.782 15.190 0.582 0.598 
e1 2.489 2.591 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 -
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 40-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 0.406 0.508 0.016 0.020 

81 1.270 1.270 Typical 0.050 0.050 Typical 
c 0.228 0.305 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 
e1 2.336 2.744 Typical 0.092 0.108 Typical 

eA 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 - 2.490 - 0.098 

S1 0.127 - 0.005 -
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 40-Lead Ceramic Side Brazed Dual In-line with Window (600 mil) 

~:ric 
,' .' :.-- eA __.,: ' ~i 
' ' ' es ' 
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~~~~ng - ·1 ! r·- -- --- --- ----- -- -- ! -- ! ----t-r-i-··r 

61----iii i~ -1 e1 ~-T A1 A3 A A2 
B -----.:::---- : I 

·: 01 : 

Package Group: Ceramic Side Brazed Dual In-Line (CER) 

Millimeters Inches 
Symbol 

Min Max Notes Min Max Notes 

a 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 1.829 2.235 0.072 0.088 

B 0.406 0.508 O.Q16 0:020 
B1 1.270 1.270 Typical 0.050 0.050 Typical 

c 0.228 0.305 Typical 0.009 0.012 Typical 

0 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 

e1 2.336 2.744 Typical 0.092 0.108 Typical 

eA 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 - 2.490 - 0.098 

81 0.127 - 0.005 -
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 48-Lead Ceramic Side Brazed Dual In-line (600 mil) 

~:He 
: ' ;.__ eA ----.: ' 'i 
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B ---.:::--- : 

: 01 : 

Package Group: Ceramic Side Brazed Dual In-Line (CER) 

Miii i meters Inches 
Symbol 

Min Max Notes Min Max Notes 

IX oo 100 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 0.406 0.508 O.Q16 0.020 

B1 1.270 1.270 Typical 0.050 0.050 Typical 
c 0.228 0.305 Typical 0.009 0.012 Typical 

0 60.350 61.570 2.376 2.424 
01 58.216 58.624 Reference 2.292 2.308 Reference 
E 15.240 16.256 0.600 0.640 

E1 14.478 15.748 0.570 0.620 
.. 

e1 2.336 2.744 Typical 0.092 0.108 Typical 

eA 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 - 2.490 - 0.100 
S1 0.127 - 0.005 -
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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 

(X Angular spacing between min. and max. lead positions measured at the gauge plane 

A Disiance 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 

8 Width of terminal leads 

81 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 

e8 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 

$1 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 "81" is nominal. 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 8-Lead Ceramic CERDIP Dual In-line (300 mil) 

"~:::t ~c 
:-eA---i : 

:----0B : 

~.~~'=---1 u 
seating - - ! --- --- ! -- ! __ :::::L:1:::r:1-::--Plane : : : : : L I 

I I I I I 

B1--.!"' ;.._ ' e1 ' -------r- A1 A3 A ::::: ----..: ~ 
B _...;::_ ~ : 

:-;.--- 01 -: 

Package Group: Ceramic CERDIP Dual In-Line (CDP) 

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 

A3 3.810 4.445 0.150 0.175 
B 0.355 0.585 0.014 0.023 • B1 1.270 1.651 Typical 0.050 0.065 Typical 
c 0.203 0.381 Typical 0.008 O.Q15 Typical 
0 9.398 10.287 0.370 0.405 

01 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 
e1 2.540 2.540 Typical 0.100 0.100 Typical 

eA 7.366 8.128 Reference 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 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 16-Lead Ceramic CERDIP Dual In-line (300 mil) 

N 

' 0 ' ~ -: s :-- S1 ~ ~ I 

~:-.~~Tt1:::~--seating - -- : -- --- --- --- -- --- : --- : __ J __ t ___ ---f-
Plane : : : : : L 

I I t l I 

B1---i::::-- -i e1 ~-T A1 A3 A 
s--:::-- : I 

01-----

-----SB---

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 0.355 0.585 0.014 0.023 

B1 1.270 1.651 Typical 0.050 0.065 Typical 
c 0.203 0.381 Typical 0.008 0.015 Typical 
0 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 
eA 7.366 8.128 Reference 0.290 0.320 Reference 
eB 7.62 10.160 0.300 0.400 
L 3.175 3.810 0.125 0.150 
N 16 16 16 16 
s 0.508 1.397 0.020 0.055 

S1 0.381 1.270 0.015 0.050 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 18-Lead Ceramic CERDIP Dual In-line (300 mil) 

N •\-,-:t 3}, ' c "' =1h ! ;.--eA~ 
~~i~~o~ -"'l""h-rrrrrr,-.,---,-,--,,-rr.-'. _: J:: :_L_. 
Area 

, 0 : 

-j s:- s1-: i-- I I 

~',"-~-:d::::::I: __ 
~~~~ng - ·111r--u--u--u--u--u--u--u--u::--~-r--1 --r--· 

61-b ~ _; e1 ~--i-- A1 A3 A 
B --;::_ ! 

--~~~~~~01~~~~~_.., 

Package Group: Ceramic CERDIP Dual In-Line (CDP) 

eB 

Millimeters Inches 

Symbol Min Max Notes Min Max 

a oo 10° oo 100 

A - 5.080 - 0.200 
A1 0.381 1.778 0.015 0.070 
A2 - - Ref.A3 - -
A3 3.810 4.445 0.150 0.175 
B 0.355 0.585 0.014 0.023 
61 1.270 1.651 !lPical 0.050 0.065 
c 0.203 0.381 Typical 0.008 O.Q15 

D 22.352 23.622 0.880 0.930 
01 20.320 20.320 Reference 0.800 0.800 
E 7.620 8.382 0.300 0.330 

E1 5.588 7.874 0.220 0.310 
e1 2.540 2.540 0.100 0.100 

eA 7.366 8.128 Typical 0.290 0.320 

eB 7.620 10;160 Reference 0.300 0.400 
L 3.175 3.810 0.125 0.150 
N 18 18 18 18 

s 0.508 1.397 0.020 0.055 

S1 0.381 1.270 O.Q15 0.050 

© 1995 Microchip Technology Inc. 

Notes 

Ref.A3 

Typical 
Typical 

Reference 

Typical 
Reference 

DS00049F-page 8-21 



MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 18-Lead Ceramic CERDIP Dual In-line with Window (300 mil) 

N 
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--------01-----_.., 

Package 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 1.7780 O.D15 0.070 

A2. 3.810 4.699 0.150 0.185 
A3 3.810 4.445 0.150 0.175 
8 0.355 0.585 0.014 0.023 

81 1.270 1.651 Typical 0.050 0.065 Typical 

c 0.203 0.381 Typical 0.008 O.D15 Typical 

0 22.352 23.622 0.880 0.930 

01 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 

eA 7.366 8.128 Typical 0.290 0.320 Typical 

e8 7.620 10.160 0.300 0.400 
L 3.175 3.810 0.125 0.150 

N 18 18 18 18 

s 0.508 1.397 0.020 0.055 

S1 0.381 1.270 0.015 0.050 
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Packaging Diagrams and Parameters 

Package Type: 22-Lead Ceramic CERDIP Dual In-line (400 mil) 

N 

MICROCHIP 

·~::tl ~c 
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Package Group: Ceramic CERDIP Dual In-Line (CDP) 

Millimeters Inches 

Symbol Min Max Notes Min Max 

a oo 10° oo 10° 

A - 5.715 - 0.225 

A1 0.381 1.778 0.015 0.070 

A2 - - Ref.A3 - -
A3 3.810 4.445 0.150 0.175 

B 0.355 0.585 0.014 0.023 
81 1.270 1.651 Typical 0.050 0.065 
c 0.203 0.381 Typical 0.008 0.015 

D 26.670 27.940 1.050 1.100 
01 25.400 25.400 Reference 1.000 1.000 

E 10.160 10.922 0.400 0.430 

E1 8.890 10.414 0.350 0.410 

e1 2.540 2.540 Reference 0.100 0.100 

eA 9.906 10.668 Typical 0.390 0.420 

eB 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 

81 0.127 1.270 0.005 0.050 

© 1995 Microchip Technology Inc. 

Notes 

Ref. A3 

Typical 
Typical 

Reference 

Reference 

Typical 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 24-Lead Ceramic CERDIP Dual In-line (300 mil) 
N OD-=I=:r-

~~i~a~o~- __ ::LJ __ ~::lW ~c 
:.------ eA ____..,; 

Area ------es ---
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Package Group: Ceramic CERDIP Dual In-Line (CDP) 

Millimeters Inches 

Symbol Min Max Notes Min Max 

a o· 10' o· 10' 

A - 5.715 - 0.225 
A1 0.381 1.905 0.015 0.075 

A2 - - Ref. A3 - -
A3 3.810 4.445 0.150 0.175 

B 0.355 0.585 0.014 0.023 

81 1.270 1.651 Typical 0.050 0.065 
c 0.203 0.381 Typical 0.008 0.015 

0 31.115 32.385 1.225 1.275 
01 27.940 27.940 Reference 1.100 1.100 

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 

eA 7.366 8.128 Typical 0.290 0.320 

eB 7.620 11.430 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 

Notes 

Ref. A3 

Typical 
Typical 

Reference 

Reference 
Typical 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 24-Lead Ceramic CERDIP Dual In-line with Window (300 mil) 
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Package Group: Ceramic CERDIP Dual In-Line (CDP) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

Cl o• 10° o• 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 0.355 0.585 0.014 0.023 

B1 1.270 1.651 Typical 0.050 0.065 T~cal 

c 0.203 0.381 Typical 0.008 0.015 Typical 
0 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 
eA 7.366 8.128 Typical 0.290 0.320 Typical 
eB 7.620 11.430 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 
51 0.381 1.778 0.015 0.070 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 24-Lead Ceramic CERDIP Dual In-line (600 mil) 
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Package Group: Ceramic CERDIP Dual In-Line (CDP) 

Miiiimeters Inches 

Symbol Min Max Notes Min Max Notes 

a. oo 10° oo 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 0.355 0.585 0.014 0.023 

81 1.270 1.651 'fypical 0.050 0.065 Typical 
c 0.203 0.381 Typical 0.008 0.015 Typical 
0 31.115 32.385 1.225 1.275 
01 27.940 27.940 Reference 1.100 1.100 Reference 
E 15.240 15.875 0.600 0.625 
E1 12.954 15.240 0.510 0.600 
e1 2.540 2.540 Reference 0.100 0.100 Reference 
eA 14.986 15.748 Typical 0.590 0.620 ~cal 
eB 15.240 18.034 0.600 0.710 
L 3.175 3.810 0.125 o.15o 
N 24 24 24 24 
5 1.016 2.286 0.040 0.090 
51 0.381 1.778 0.015 0.070 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 24-Lead Ceramic CERDIP Dual In-line with Window (600 mil) 
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Package Group: Ceramic CERDIP Dual In-Line (CDP) -
Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a oo 100 oo 100 

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 0.355 0.585 0.014 0.023 

B1 1.270 1.651 Typical 0.050 0.065 Typical 

c 0.203 0.381 Typical 0.008 0.015 Typical 

0 31.115 32.385 1.225 1.275 
01 27.940 27.940 Reference 1.100 1.100 Reference 

E 15.240 15.875 0.600 0.625 

E1 12.954 15.240 0.510 0.600 
e1 2.540 2.540 Reference 0.100 0.100 Reference 

eA 14.986 15.748 Typical 0.590 0.620 Typical 

eB 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 
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MICROCHIP 

Packaging Diagrams· and Parameters 

Package Type: 28-Lead Ceramic CERDIP Dual In-line (600 mil) 

N 00-=I=-r-

~~i~a~o;- __ ::LJ __ 
a~/€ ~\ c ,,Gt= T: 
~eA~ 

Area ,.__ ___ eB ---

, 0 , 

--ls~ s1--: !---- I I 

~ .. ~~~:it::::j: 
~~~~ng - -u:--v--u---u--u----tr--u--u--v::--t-r-r-r 

s1--i:;:l.-- _; e1 ~-TA1 A3 A 

B ---::~ I ----------- 01------

Package Group: Ceramic CERDIP Dual In-Line (CDP) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a oo 10° oo 10° 

A - 5.461 - 0.215 
A1 0.381 1.524 0.015 0.060 
A2 - - Ref.A3 - - Ref.A3 

A3 3.810 4.445 0.150 0.175 
B 0.355 0.585 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 

0 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 
e1 2.540 2.540 Reference 0.100 0.100 Reference 

eA 14.986 15.748 Typical 0.590 0.620 Typical 

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 0.015 0.070 
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Packaging Diagrams and Parameters 

Package Type: 28-Lead Ceramic CERDIP Dual In-line with Window (600 mil) 

N 

MICROCHIP 

r!LJ· ·:=r=T--r : ', E1 E 

rni~i~~<>~-~ LJ LJ ~ J-,. -===LJ __ 
·"--../[ ~:' c ,,~ =1h 
~9A~ 

Area -----08---

0 ______ ____,~ I 

.... ~- - --------~':::¢,T,L1J_ 
;;>-i\rJW--- : :-:::ti:::ri::1 

81---i:::i-- -; e1 !-: t A1 A3 A A2 
8 ---ii:__ 

-------- 01------

Package Group: Ceramic CERDIP Dual In-Line (CDP) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a oo 10° oo 10° 

A - 5.461 - 0.215 
A1 0.381 1.524 O.Q15 0.060 
A2 3.810 4.699 0.150 0.185 
A3 3.810 4.445 0.150 0.175 
8 0.355 0.585 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 
0 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 
e1 2.540 2.540 Typical 0.100 0.100 Typical 
eA 14,986 15.748 Reference 0.590 0.620 Reference 
e8 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 0.015 0.070 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 40-Lead Ceramic CERDIP Dual In-line (600 mil) 

N 

DD-=I=~r-

~~i~~(,~- --==LJ __ 
.,,_)t d\ c 

,.'~ =1h 
:..--aA~ J 

Area 
___ 99 ___ • 

Package Group: Ceramic CERDIP Dual In-Line (CDP) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a o• 10° oo 10• 

A 4.318 5.715 0.110 0.225 
A1 0.381 1.778 O.Q15 Q.070 
A2 - - Ref.A3 - - Ref.A3 
A3 3.810 4.445 0.150 0.175 
B 0.355 0.585 0.014 0.023 

B1 1.270 1.651 ~cal 0.050 0.065 Ty~cal 

c 0.203 0.381 Typical 0.008 O.Q15 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 
e1 2.540 2.540 Typical 0.100 0.100 Typical 
eA 14.986 16.002 Reference 0.590 0.630 Reference 
eB 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 O.Q15 0.070 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 40-Lead Ceramic CERDIP Dual In-line with Window (600 mil) 

N 

Package Group: Ceramic CERDIP Dual In-Line (CDP) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

CJ. 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 0.150 0.185 II 
A3 3.810 4.445 0.150 0.175 

B 0.355 0.585 0.014 0.023 

61 1.270 1.651 Typical 0.050 0.065 Typical 

c 0.203 0.381 Typical 0.008 0.015 Typical 

D 51.435 52.705 2.025 2.075 

D1 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 

e1 2.540 2.540 Reference 0.100 0.100 Reference 

eA 14.986 16.002 Typical 0.590 0.630 Typical 

eB 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 

81 0.381 1.778 0.015 0.070 
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MICRDCHIP 

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 terminal leads 

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 

E2,E3 Body width parameters not including leads 

e Linear spacing between center lines of body standoffs (terminal leads) 

H Other package width parameter 

L Distance from seating plane lo end of lead 

N Total number of potentially usable lead positions 

Q 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. Sealing plane (standoff) is defined by board hole size. 

4. Parameters "B" and "C" are nominal. 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 28-Lead Ceramic Flatpack 

TerminalN-

-::+-- S1 

01 

-------0------• 

Package Group: Ceramic Flatpack (CFPK) 

Millimeters 

Symbol Min Max Notes Min 

A 2.286 3.302 0.090 

B 0.381 0.482 0.015 
c 0.076 0.153 0.003 
0 17.780 18.796 0.700 
01 16.306 16.714 0.642 
E 9.652 10.668 0.380 
E2 4.572 - 0.180 
E3 0.762 - 0.030 
e 1.270 1.270 BSC 0.050 
H 22.352 29.464 0.880 
L 6.350 9.398 0.250 
N 28 28 28 
Q 0.660 1.143 0.026 
s 0.889 1.016 0.035 

S1 0.254 0.381 0.010 

© 1995 Microchip Technology Inc. 

_________ t ____ --- --
E3 L 

:ii·-! 
E2 E H 

,::):_J __ 
, Seating and 
:-Base Plane 

! ____________ J __ _ 
----+-----:;.;,___ c 

!!-A -..::..-a 

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 

Notes 

Typical 

Typical 

Reference 

Typical 

DS00049F-page B-33 

II 



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 parameter of length 

D1, E1 Body length dimension - end lead center to end lead center 

E Largest overall package dimension of width 

e Linear spacing 

e1 Linear spacing between edges of true lead positions (of corner terminal lead pads) 
lead corner 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. Parameter "e1'' ("e") is non-cumulative. 

3. Seating plane (standoff) is defined by PC board hole size. 

4. Parameter "B" is nominal. 

5. Corner configuration optional. 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 28-Lead Ceramic Leadless Chip Carrier 

~--r 
E 

l..,,,..,-----,_._L 
hx45°-l 

TOP 

_ J_ ----~ ------~---- I ;:::::;:::====;:::;:::i,::.:1 --- - - _ J _ -----------
S t. Pl --------- -----1 I I I I I I '"---r-----------· 

ea mg ane ---f-----·r--·--- . . . ·--- -----------· 
SIDE 

A1 A A2. 

Package Group: Ceramic Leadless Chip Cerrler (LCC) 

Millimeters 

Symbol Min Max Notes Min 

A 1.397 2.159 0.055 

A1 1.651 2.540 0.065 
A2. 0.254 0.381 0.010 
B 0.558 0.712 fypical 0.022 
D 11.226 11.684 0.442 
01 7.620 7.620 Reference 0.300 
E 11.226 11.684 0.442 

E1 7.620 7.620 Typical 0.300 
e 1.270 1.270 Reference 0.050 

e1 0.381 - fypical 0.015 
h 1.016 1.016 Reference 0.040 
j 0.508 0.508 Reference 0.020 
L 1.143 1.397 Typical 0.045 
N 28 28 28 

© 1995 Microchip Technology Inc. 

N 
Pin No. 1 Indicator 
(size and type of 
indicator may vary) 

Inches 

Max Notes 

0.085 

0.100 
0.015 
0.028 fyplcal 
0.460 
0.300 Reference 
0.460 
0.300 Typical 
0.050 Reference 

- ~ical 

0.040 Reference 
0.020 Reference 
0.055 Typical 

28 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 28-Lead Ceramic Leadless Chip Carrier with Window 

---o-: 

hx45°-: 

TOP 

T-- -
E1 

[.J_::L:-
N 

Pin No. 1 Indicator 
(size and type of 
indicator may vary) __ i __________ .. ~ ~. 

---------.: :.+--- -: :- x 45° Index ·B· , , J C 
' ' BOTTOM : : omer 

__ J ____ l------~, --, ____ J _________ __ 
seating Plane :::t::::::r:::: I I I I sioE I I I I :::r:::::::::: 

A1 A A2 

Package Group: Ceramic Leadless Chip Carrier (LCC) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

A 1.397 2.159 0.055 0.085 

A1 2.286 2.540 0.090 O.toO 

A2 .0.889 1.143 0.035 0.045 

B 0.558 0.712 Typical 0.022 0.028 Typical 

D 11.226 11.684 0.442 0.460 

D1 7.620 7.620 Reference 0.300 0.300 Reference 

E 11.226 11.684 0.442 0.460 

E1 7.620 7.620 Reference 0.300 0.300 Reference 

e 1.270 1.270 Typical 0.050 0.050 Typical 

e1 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 28 28 28 28 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 32-Lead Ceramic Leadless Chip Carrier 

-----D---

hx45°-: 

TOP 

A1 A 

T-- -
E1 

L __ L:!:::_ --

:--01----: 

N 

Pin No_ 1 Indicator 
(size and type of 
indicator may vary) 

-r-----------:.~B~:, ----~~.-: :- ix 45° index 

BOTTOM : : Corner 

A2 

Package Group: Ceramic Leadless Chip Carrier (LCC) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

A 1.397 2.159 0.055 0.085 
A1 2.540 3.048 0.100 0.120 
A2 0.254 0.381 0.010 0.015 
B Oo635 0.661 Typical 0.025 0.026 Typical 
D 13.716 14.224 0.540 0.560 

D1 9.982 10.338 Reference 0.393 0.407 Reference 
E 11.226 11.634 0.442 0.458 

E1 7.442 7.798 Reference 0.293 0.307 Reference 
e 1.270 1.270 Typical 0.050 0.050 Typical 

e1 0.381 - Typical 0.015 - Typical 
h 1.016 1.016 Reference O.Q40 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 32 32 32 32 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 32-Lead Ceramic Leadless Chip Carrier - FRIT 

----D--- :---01---: 
' ' ' . ' 
: ------..; e J----
, ' ' 
' ' ' :--r 

E 

~ __ J __ _ 
' ' 
' ' 

hx45°-: :--
, ' 

TOP 

_J _____ i------~· ~, -~, __ _J ____________ _ 
seating Plane ::::f :::::i:::::: 1 1 1 1 SIDE 1 1 1 1:::r::::::::::: 

A1 A A2 

Package Group: Ceramic Leadless Chip Carrier (LCC) 

Millimeters 

Symbol Min Max Notes Min 

A 1.397 2.159 0.055 
A1 2~286 3.302 0.090 
A2 0.635 1.143 0.025 
B 0,558 0.712 Typical 0.022 
D 13.716 14.224 0.540 
01 7.620 7.620 Reference 0.300 
E 11.226 11.634 0.442 

E1 10.160 10.160 Reference 0.400 
e 1.270 1.270 Reference 0.050 

e1 0.381 - Typical O.Q15 

h 1.016 1.016 Reference 0.040 
j 0.508 0.508 Reference 0.020 
L 1.143 1.397 Typical 0.045 
N 32 32 32 

N 

Pin No. 1 Indicator 
(size and type of 
indicator may vary) 

Inches 

Max Notes 

0.085 
0.130 
0.045 
0.028 Typical 
0.560 
0.300 Reference 
0.458 
0.400 Reference 
0.050 Reference 

- T\'l)lcal 
0.040 Reference 
0.020 Reference 
0.055 Typical 

32 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 32-Lead Ceramic Leadless Chip Carrier with Window 

~---0--~~ :----01--.: 

T-- -
E1 

LJ_)::: -· 
N 

Pin No. 1 Indicator 
(size and type of 
indicator may vary) 

hx45°-: 
-r---------·~:,~8~!,----~-~-: :- jx45° index 

BOTTOM : : Corner 
TOP 

__ J ____ l-------1 I ___ _!_ _________ __ 

seating Plane :::1::::::f :::::.~I ~I ~I ~I - 5
-
10

-E ~l~I ~I ~I :::r:::::::::: 
A1 A A2 

Package Group: Ceramic Leadless Chip Carrier (LCC) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

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 0.558 0.712 Typical 0.022 0.028 Typical 
0 13.716 14.224 0.540 0.560 

01 7.620 7.620 Reference 0.300 0.300 Reference 
E 11.226 11.634 0.442 0.458 

E1 10.160 10.160 Reference 0.400 0.400 Reference 
e 1.270 1.270 Reference 0.050 0.050 Reference 

e1 0.381 - Typical 0.015 - Typical 
h 1.016 1.016 Reference O.D40 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 32 32 32 32 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 32-Lead Ceramic Leadless FRIT·Seal Chip Carrier with Window 

:----0---

"-r 
E 

~· __ J_ 
' ' 

hx45°-l ;.--
, ' 

TOP 

:....-- 01 -----: 
' ' ' 
' 
' 

-----: e :--------
' ' ' ' 

_J _____ t-------~, -~, ___ j_ ___________ _ 
seating Plane :::T:::::l:::::: I I I I sioE I I I 1:::r::::::::::: 

A1 A A2 

Package Group: Ceramic Leadless Chip Carrier (LCC) 

Millimeters 

Symbol Min Max Notes Min 

A 1.397 2.159 0.055 

A1 2.286 3.302 0.090 
A2 0.889 1.143 0.035 
B 0.558 0.712 Typical 0.022 
D 13.716 14.224 0.540 
01 7.620 7.620 Reference 0.300 
E 11.226 11.634 0.442 

E1 10.160 10.160 Reference 0.400 
e 1:270 1.270 Typical 0.050 

e1 0.381 - Typical 0.015 
h 1.016 1.016 Reference 0.040 
j 0.508 0.508 Reference 0.020 
L 1.143 1.397 Typical 0.045 
N 32 32 32 

N 

Pin No. 1 Indicator 
(size and type of 
indicator may vary) 

Inches 

Max Notes 

0.085 
0.130 
0.045 
0.028 Typical 
0.560 
0.300 Reference 
0.458 
D.400 Reference 

0.050 Ty_e!cal 

- Ty_e!cal 
0.040 Reference 
0.020 Reference 
0.055 Typical 

32 

DS00049F-page 8-40 © 1995 Microchip Technology Inc. 



MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 44-Lead Ceramic Leadless Chip Carrier 

---o---: 

'fr 
E 

~, __ L 
' 

hx45°-i ~ 

TOP 

:--01--: 
' ' 

. ' 

N 

Pin No. 1 Indicator 
(size and type of 
indicator may vary) 

---i :- j x 45° Index 
BOTIOM : : Comer 

Package Group: Ceramic Leadless Chip Carrier (LCC) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

A 1.371 2.083 0.054 0.082 

A1 1.778 3.048 0.070 0.120 
A2 0.254 1.143 0.010 0.045 
B 0.584 0.712 Typical 0.023 0.028 Typical 
0 16.256 16.815 0.640 0.662 

01 12.700 12.700 Reference 0.500 0.500 Reference 

E 16.256 16.815 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 

e1 0.381 - "!}'.pica I 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 Cer11mic Leaded Chip Carrier Package Parameters 

Symbol Description of Parameters 

A Distance between 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 

D~E3 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: 
1. All dimensions and tolerances conform to ANSI Y14.SM-1982. 

2. Datum plane - - ocated at top of parting line and coincident with top of lead. Where lead exits body. 

3. Datums D-E nd F-G o be determined where center leads exit body at datum plan@. 

4. To be determined at seating plan@. 

5. Transition is optional. 

6. Square: Details of pin1 identifier are optional but must be located within one of the two zones indicated. If the 
number of terminals on a side is odd terminal 1 is the center terminal. 
Rectangle: Details of pin1 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. 

7. Location to datums§n@to be determined at plan@. 

8. All dimensions and tolefances include lead trim offset and lead finish. 

9. These two dimensions deter:mine m~imum 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. Controlllng dimension: inches. 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 68-Lead Ceramic Leaded Chip Carrier (Window) 

0.254 /\ 
.010 Max....,; :-Llfl. -0·: 0.508 

lLC .020 

'' t ---. .-.-· -· ' " ' '' ---L 1.651 

' .065 
R 1.14/0.64 

.045/.025 

~~---• i ~ ....,. 0.812/0.661 N Pies 1:27 : : : : .032/.026 
.050 I I I I 

2 1es-r~::~:~ ~ j.:--, ___ fillEB-%W@BA@ 
I ,,; '_ __'._ __ _' ,;, + A1 2 Sides 
' : . : + 9 
- -- i :- Da!Ea-: i -~.101 Seating 

..---- 02 -· D 004 Pl 

!IEBI~ IF-G@ I&! -C- . ane 

I,.__ E2_.r 

'IEBI~ IF-G@ I&' 

Package Group: Ceramic Leaded Chip Carrier (CLCC) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

A 4.191 4.699 0.165 0.185 

A1 2.286 3.048 0.090 0.120 
0 24.968 25.222 0.983 0.993 

01 23.977 24.333 0.944 0.958 
02 22.860 23.876 0.900 0.940 

03 20.320 - Reference 0.800 - Reference 
E 24.968 25.222 0.983 0.993 

E1 23.977 24.333 0.944 0.958 
E2 22.860 23.876 0.900 0.940 
E3 20.320 - Reference 0.800 - Reference 
N 68 - 68 -

CP - 0.102 - 0.004 
LT 0.152 0.204 0.006 0.008 
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MICRCICHIP 

Packaging Diagrams and Parameters 

Package Type: 84-Lead Ceramic Leaded Chip Carrier (Window) 

D---
!:IEBl-%W@leJo-E@I '; 
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:: .. J\ : : 
: : ....: :..EQ:] ill : : 
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1.27 : : : : .032/.026 
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es1-~~:~:: } :_, ____ Q±:] EB -%W@eA@ 
I ' 0'_'_ _'_ __ ~ '" + A1 2Sides 
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"8:,, _____ ::~LI_ 

- -- : :-D3/E•-: :-~101 S . 
:---- D2 -: D C04 pf"'ting 
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'IEBI~ IF-G@ I&' 

/\ ~ .... , ~·~~-~~-~ 
ill.±J !. JEBJ-%W@l+-G@I A 

0.254 J\ 
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~
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~~--E .020 

---- ,--.-t ·- ' " ' '' ---c_ 1.651 
.065 
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.045/.025 

' ' 0.812/0.661 J\ 
0.254 A -: : .. .032/.026 m 
.010 Max-:! .. 11 0.508 1.524 :·1·--- n 

"::~t--"'--~ -~~c::v, ~ 
----- - 1 651 064 ' ' Lfil. 

065. -·-Min-..: :._o.533/0.331 
' . .025 ' ' .021/.013 

R 1.1410.64 
.0451.025 

Package Group: Cer.amic Leaded Chip Carrier (CLCC) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

A 4.191 4.699 0.165 0.185 

A1 2.286 3.048 0.090 0.120 
0 30.048 30.353 1.183 1.195 
01 28.829 29.591 1.135 1.165 
02 27.940 28.956 1.100 1.140 
03 25.400 - Reference 1.000 - Reference 

E 30.048 30.353 1.183 1.195 
E1 28.829 29.591 1.135 1.165 
E2 27.940 28.956 1.100 1.140 
E3 25.400 - Reference 1.000 - Reference 
N 84 - 84 -

CP - 0.102 - 0.004 
LT 0.152 0.204 0.006 0.008 
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MICROCHIP 

Packaging Diagrams and Parameters 

Plastic Dual In-Line Family 

Symbol List for Plastic In-Line Package Parameters 

Symbol Description of Parameters 

<X Angular spacing between min. and max. lead positions measured at the gauge plane 

A Distance between seating plane to highest point of body 

A1 Distance between seating plane and base plane 

A2 Base body thickness 

B Width of terminal leads 

81 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 

eB 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 "B1" is nominal. 

5. Details of pin Number 1 identifier are optional. 

6. Parameters 'D + E1 • do not include mold flash/protrusions. 
Mold flash or protrusions shall not exceed .010 inches. 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 8-Lead Plastic Dual In-line (300 mil) 

N 

E1 E D:::(l" ·~:( Jt.· 0 "tr =1h 
~~i~~;,~- ===LJ_ 

: ;.......-- 9A -----: I 

ee 
Area 

' D ' ! ---+! s~ s1-+-: !----, ' ' ' ! 
Base ww--------- --- __ _l_ Plane : ' ~ ' ; ; ·------------------· 
seating - __ : __ __ : ___ : _____ J ___ 1 ___ f---f-
Plane ii iii L 

I I I I I 

I I I : : I I ------- -· 

:::-iB1~-: : f A1 A2A 
B ::: --.: e1 :..-

..__,.. I t4-- I 

;.----01-: 

Package Group: Plastic Dual In-Line (PLA) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

<X oo 10° oo 10° 

A - 4.064 - 0.160 
A1 0.381 - 0.015 -
A2 3.048 3.810 0.120 0.150 
B 0.355 0.559 0.014 0.022 

61 1.397 1.651 0.055 0.065 
c 0.203 0.381 Typical 0.008 0.015 Typical 

D 9.017 10.922 0.355 0.430 
01 7.620 7.620 Reference 0.300 0.300 Reference 
E 7.620 8.255 0.300 0.325 

E1 6.096 7.112 0.240 0.280 
e1 2.489 2.591 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 8 8 8 8 

s 0.889 - 0.035 -
S1 0.254 - 0.010 -
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MICRQCHIP 

Packaging Diagrams and Parameters 

Package Type: 14-Lead Plastic Dual In-line (300 mil) 

N 

·~::~ ~c 
: :...------ 9A -----..: : 

' ee ; 

: 0 , 
-! Si- S1-i !4-- l ~ 

.... ~----+-----Plane"'--~ __ JJ ___ r ______ _ 
~~~~g - -! 1 !-- --- -- -- -- 1 --- 1 -------t-r-·1 ·l·-· 

01--i:d- _; e1 ~-----rA1 A2A 

B -----...: l ;.._ : I 
01 

Package Group: Plastic Dual In-Line (PLA) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a. oo 10° oo 100 

A - 4.064 - 0.160 
A1 0.381 - 0.015 - • A2 3.048 3.810 0.120 0.150 
B 0.355 0.559 0.014 0.022 

81 1.524 1.524 Reference 0.060 0.060 Reference 
c 0.203 0.381 Typical 0.008 0.015 Typical 

0 18.415 19.431 0.725 0.765 
01 15.240 15.240 Reference 0.600 0.600 Reference 
E 7.620 8.255 0.300 0.325 

E1 6.096 7.112 0.240 0.280 
e1 2.489 2.591 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 14 14 14 14 
s 0.889 - 0.035 -

51 0.127 - 0.005 -
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 16-Lead Plastic Dual In-line (300 mil) 

N 

·'(,::F ~c 
:..---- eA -----! : 

:.---- 68 ---

Package Group: Plastic Dual ln-Li.ne (PLA) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a oo 10° oo 10° 

A - 4.064 - 0.160 

A1 0.381 - 0.015 -
A2. 3.048 3.810 0.120 0.150 
B 0.355 0.559 0.014 0.022 

B1 1.524 1.524 Reference 0.060 0.060 Reference 
c 0.203 0.381 T~cal 0.008 O.Q15 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 o .. 325 

E1 6.096 7.112 0.240 0.280 

e1 2.489 2.591 T~cal 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 16 16 16 16 

s 0.889 - 0.035 -
51 0.127 - 0.005 -
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 18-Lead Plastic Dual In-line (300 mil) 

N 

Package Group: Plastic Dual In-Lina (PLA) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

(X oo. 10° oo 10° 

A - 4.064 - 0.160 • A1 0.381 - O.Q15 -
A2 3.048 3.810 0.120 0.150 
B 0.355 0.559 0.014 0.022 

B1 1.524 1.524 Reference 0.060 0.060 Relerence 
c 0.203 0.381 Typical 0.008 O.Q15 Typical 
D 22.479 23.495 0.885 0.925 
01 20:320 20.320 Reference 0.800 0.800 Relerence 
E 7.620 8.255 0.300 0.325 

E1 6.096 7.112 0.240 0.280 
e1 2:489 2:591 Typical ;0.098 0.102 Typical 
eA 7.620 7.620 Reference 0.300 0.300 Relerence 
eB 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 -

© 1995 Microchip Technology Inc. DS00049F-page 8-49 



MICRDCHIP 

Packaging Diagrams and Parameters 

Package Type: 22-Lead Plastic Dual In-line (400 mil) 

·'f:::F ~c 
: :+---- eA ----+-: ! 
' ' ee 

Package Group: Plastic Dual In-Line (PLA) 

Miiiimeters Inches 

Symbol Min Max Notes Min Max Notes 

IX o• 10° o• 10° 

A - 4.572 - 0.180 
A1 0.381 - 0.015 -
A2 3.175 3.810 0.125 0.150 
B 0.355 0.559 0.014 0.022 

81 1.524 1.524 Reference 0.060 0.060 Reference 

c 0.203 0.381 TYpical 0.008 0,015 TYJ>lcal 
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 
e1 2.489 2.591 ~ical 0.098 0.102 ~lcal 
eA 10.160 10.160 Reference 0.400 0.400 Reference 

eB 10.160 12.192 0.400 0.480 
L 3.048 3.556 0.120 0.140 
N 22 22 22 22 
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 (600 mil) 

•'-~d~ ~c 
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~::~ng - -! ! r --- -- -- ----- -- --- ! -- ! ----t-r- i---r 

B1~:i:f-- ~ e1 ~--r-·A1 A2A 
B ~::.......- I 

01------

Package Group: Plastic Dual In-Line (PLA) 

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 0.355 0.559 0.014 0.022 
81 1.270 1.270 Typical 0.050 0.050 Typical 
c 0.203 0.381 Typical 0.008 0.015 l)tpical 
0 30.353 32.385 1.195 1.275 
01 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 
e1 2.489 2.591 Typical 0.098 0.102 l)tpical 
eA 15.240 15.240 Reference 0.600 0.600 Reference 
eB 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) 
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Package Group: Plastic Dual In-Line (PLA) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a oo 10° oo 10° 

A - 4.064 - 0.160 
A1 0.381 - 0.015 -
A2 3.048 3.810 0.120 0.150 
B 0.355 0.559 0.014 0.022 
81 1.524 1.524 Typical 0.060 0.060 Typical 
c 0.203 0.381 Typical 0.008 0.015 Typical 
0 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 
e1 2.489 2.591 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 -
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 28-Lead Plastic Dual In-line (300 mil) 

N 

a~,.,;E_3\ ,,lr =1fTc 
~ eA ___..; 

----08---

;...---..; ;..--.; 
: 82: : 81 : 

:93: : B: 
~ :.-.:. 

Detail A 

Package Group: Plastic Dual In-Line (PLA) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a oo 10° oo 10° 

A 3.632 4.572 0.143 0.180 

A1 0.381 - 0.015 -
A2 3.175 3.556 0.125 0.140 
B 0.406 0.559 0.016 0.022 

81 1.016 1.651 Typical 0.040 0.065 Typical 

82 0.762 1.016 4 places 0.030 0.040 4 places 

B3 0.203 0.508 4 places 0.008 0.020 4 places 

c 0.203 0.331 Typical 0.008 0.013 Typical 
D 34.163 35.179 1.385 1.395 
01 33.020 33.020 Reference 1.300 1.300 Reference 

E 7.874 8.382 0.310 0.330 
E1 7.112 7.493 0.280 0.295 
e1 2.540 2.540 Typical 0.100 0.100 Typical 

eA 7.874 7.874 Reference 0.310 0.310 Reference 

eB 8.128 9.652 0.320 0.380 
L 3.175 3.683 0.125 0.145 
N 28 - 28 -
s 0.584 1.220 0.023 0.048 
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MICROCHIP 

Packaging Diagrams· and Parameters 

Package Type: 28-Lead Plastic Dual In-line (600 mil) 
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Package Group: Plastic Dual In-Line (PLA) 

Millimeters Inches 

Symbol j 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 0.355 0.559 0.014 0.022 

81 1.270 1.778 '!le!cal 0.050 0.070 Typical 
c 0.203 0.381 Typical 0.008 0.015 Typical 
0 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 
e1 2.489 2.591 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 28 28 28 ·28 

s 0.889 - 0.035 -
$1 0.508 - 0.020 -
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 40-Lead Plastic Dual In-line (600 mil) 

a\__../F ]J\ c ,,tr =4h 
;..--- eA ----...; i 

eB 

Package Group: Plastic Dual In-Line (PLA) 

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 0.355 0.559 0.014 0.022 

B1 1.270 1.778 Typical 0.050 0.070 Typical 
c 0.203 0.381 Tu'f'ical 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 
e1 2.489 2.591 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 40 40 40 40 
s 1.270 - 0.050 -

S1 0.508 - 0.020 -

© 1995 Microchip Technology Inc. DS00049F-page 8-55 



MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 48-Lead Plastic Dual In-line (600 mil) 
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Package Group: Plastic Dual In-Line (PLA) 

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 0.355 0.559 0.014 0.022 

61 1.270 1.270 Typical 0.050 0.050 Typical 

c 0.203 0.381 Typical 0.008 O.D15 Typical 

0 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 

e1 2.489 2.591 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 -
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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 between seating plane to highest point of body 

A1 Distance between lead shoulder to seating plane 

CP Seating plane coplanarity 

D/E Outside dimension 

D1/E1 Plastic body dimension 

D2/E2 Footprint 

D3/E3 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: 
1. All dimensions and tolerances conform to ANSI Y14.SM-1982. 

2. Datum plane tB:Jlocated at top of mold parting line and coincident with top of lead where lead exits plastic body. 

3. Datums [Q]]an~ F-G I to be determined where center leads exit plastic body at datum plan@. 

4. To be determined at seating plan@. 

5. Transition is optional. 

6. Plastic body details between leads are optional. 

7. Dimension D1 and E1 do not include mold protrusion. Allowable mold protrusion is .254mm/.01 Oin. per side. 
Dimensions D and E include mold mismatch and are determined at parting line. 

8. 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 ofter
minals on a side is odd, terminal 1 is the center terminal. 

9. Location of datums rnancf[] to be determined at plan@. 

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 applications. 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 dambar 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) 

0.254 /\ 
.010 Max-.: : .... L!..11 

~
·: 0.508 

~+-c .020 

---' -,-lt 
11 I + 
" ----c_ 1.651 

' .065 
R 1.1410.64 

.045/,025 

Package Group: Plastic Leaded Chip Carrier (PLCC) 

Millimeters 

Symbol Min Max Notes Min 

A 4.191 4.572 0.165 

A1 2.413 2.921 0.095 
0 12.319 12.573 0.485 
01 11.430 11.583 0.450 
02 10.414 10.922 0.410 
03 7.620 7.620 Reference 0.300 

E 12.319 12.573 0.485 
E1 11.430 11.583 0.450 
E2 10.414 10.922 0.410 
E3 7.620 7.620 Reference 0.300 

N 28 28 28 
CP - 0.102 -
LT 0.203 0.381 0.008 

DS00049F-page 8-58 

Inches 

Max Notes 

0.180 

0.115 
0.495 
0.456 
0.430 
0.300 Reference 

0.495 
0.456 
0.430 
0.300 Reference 

28 
0.004 
0.015 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 32-Lead Plastic Leaded Chip Carrier (Rectangle) 
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' . ' . .025 . . .021/.013 

A 1.14/0.64 A 1.14/0.64 

.045/.025 .045/.025 IEBIW@H F-G ®· D-E ® I 

Package Group: Plastic Leaded Chip Carrier (PLCC) 

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 11.353 11.507 0.447 0.453 
02 9.310 10.780 0.380 0.440 
03 7.620 7.620 Reference 0.300 0.300 Reference 

E 14.859 15.113 0.585 0.595 
E1 13.893 14.047 0.547 0.553 
E2 11.760 13.230 0.480 0.540 

E3 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 - 0.102 - 0.004 
LT 0.203 0.381 0.008 0.015 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 44-Lead Plastic Leaded Chip Carrier (Square) 
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Symbol 

A 

A1 
0 
01 
02 
03 
E 

E1 

E2 
E3 
N 

CP 
LT 

~
·: 0.508 

. ~+-c .020 

--- ._ -:--d 
'' ----i::. 1.651 

' .065 
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Package Group: Plastic Leaded Chip Carrier (PLCC) 

Millimeters Inches 

Min Max Notes Min Max 

4.191 4.572 0.165 0.180 

2.413 2.921 0.095 0.115 
17.399 17.653 0.685 0.695 
16.510 16.663 0.650 0.656 
15.494 16.002 0.610 0.630 
12.700 12.700 Reference 0.500 0.500 

17.399 17.653 0.685 0.695 
16.510 16.663 0.650 0.656 

15.494 16.002 0.610 0.630 
12.700 12.700 Reference 0.500 0.500 

44 44 44 44 
- 0.102 - 0.004 

0.203 0.381 0.008 0.015 

Notes 

Reference 

Reference 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 68-Lead Plastic Leaded Chip Carrier (Square) 

Package Group: Plastic Leaded Chip Carrier (PLCC) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

A 4.191 4.699 0.165 0.185 

A1 2.286 2.794 0.090 0.110 
D 25.019 25.273 0.985 0.995 

D1 24.130 24.334 0.950 0.958 
D2 22.860 23.622 0.900 0.930 
D3 20.320 - Reference 0.800 - Reference 
E 25.019 25.273 0.985 0.995 

E1 24.130 24.334 0.950 0.958 
E2 22.860 23.622 0.900 0.930 
E3 20.320 - Reference 0.800 - Reference 
N 68 - 68 -

CP - 0.102 - 0.004 
LT 0.203 0.254 0.008 0.010 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 84-Lead Plastic Leaded Chip Carrier (Square) 

D---• 

}11l-%W@lslo-E@ I 
II [±] : : 
" D1 , , .. rn& .. 

M, & M ' ' 0.812/0.661 
0.254 0.254 -: :- .032/.026 3 
.010 Max-::• .010 Max-;: .. M ..... 1 ........ 0 
~

': 0.508 @': 0.508 ~ /\ 1.524Min 
~+-c .020 M :: .... c .. _.()?'cU .. :!±..1.m. ·060 -.: :::::. _, ___ t ""' l .... -,-_ : + -;.: .. : "T L:f:_q _____ _ 

" ' " ' . . 5 
'' ---- 1.651 '' -----l 1.651 0.64 . : : ~ L__ 065 --Min-· ,-.-0.533/0.331 

' .065 ' . .025 . ' .021/.013 

R 1.14/0.64 R 1.14/0.64 
.045/.025 .045/.025 iffil-%W@IAI F-G@, D-E ®I 

Package Group: Plastic Leaded Chip Carrier (PLCC) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

A 4.191 4.699 0.165 0.185 

A1 2.286 2.794 0.090 0.110 

0 30.099 30.353 1.185 1.195 

01 29.210 29.414 1.150 1.158 

02 27.940 28.702 1.100 1.130 

03 25.400 .. Reference 1.000 Reference 

E 30.099 30.353 1.185 1.195 

E1 29.210 29.414 1.150 1.158 

E2 27.940 28.702 1.100 1.130 

E3 25.400 .. Reference 1.000 .. Reference 

N 84 - 84 -
CP - 0.102 - 0.004 

LT 0.203 0.254 0.008 0.010 
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MICROCHIP 

Packaging Diagrams and Parameters 

Plastic Small Outline Family 

Symbol List for Small Outline Package Parameters 

Symbol Description of Parameters 

Ot Angular spacing between min. and max. lead positions measured at the gauge plane 

A Distance between seating plane to highest point of body 

A1 Distance between sealing plane and base plane 

B Width of tenninals 

c Thickness of tenninals 

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 cross
hatched area to indicate pin1 position. 

5. Terminal numbers are shown for reference. 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 8-Lead Plastic Surface Mount (SOIC- Narrow, 150 mil Body) 

i ~D~ 
Seat.Ing CP t::::::::~-~~nee 
Plane -·r----r----

A1 A 

Package Group: Plastic SOIC (SN) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

(l oo go oo go 

A 1.371 1.12g 0.054 o.o6g 
A1 0.101 0.249 0.004 0.010 
B 0.355 o.4g3 0.014 0.019 
c 0.190 0.249 0.007 0.010 
D 4.goo 4.979 o.1g9 0.196 
E 3.g10 3.9gg 0.150 0.157 
e 1.270 1.270 Typical 0.050 0.050 Typical 
H 5.g15 6.19g 0.229 0.244 
h 0.3g1 0.762 0.015 0.030 
L 0.5og 1.016 0.020 0.040 
N g g g g 

CP - 0.102 - 0.004 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 8-Lead Plastic Surface Mount (SOIC - Medium, 200 mil Body) 

i r-- D~ 
Seatl·ng CP _L:::::Jiici=iJ--~~~ee 
Plane _ l _____ f __ _ 

A1 A 

Package Group: Plastic SOIC (SM) • Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a oo so oo so 
A 1.778 2.032 0.070 0.080 

A1 0.101 0.249 0.004 0.010 
B 0.355 0.483 0.014 0.019 
c 0.190 0.249 0.007 0.010 
D 5.080 5.334 0.200 0.210 

E 5.156 5.411 0.203 0.213 

e 1.270 1.270 Reference 0.050 0.050 Reference 

H* 7.670 8.103 0.302 0.319 
h 0.381 0.762 0.015 0.030 

L 0.508 1.016 0.020 O.Q40 

N 14 14 14 14 
CP - 0.102 - 0.004 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 14-Lead Plastic Surface Mount (SOIC- Narrow, 150 mil Body) 

Index 
Area 

Symbol 

a 
A 

A1 
B 
c 
D 

E 
e 
H 
h 
L 
N 

CP 
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h x45° 

~ :-+--

~...._.._.__.__, ::f :: r 
E H 

~-,--,---,---,--l:J 

--~ l ~ /J L_J lL :::f::c 
,; --.: ~ 

'L, 

Package Group: Plastic SOIC (SL) 

Millimeters Inches 

Min Max Notes Min Max Notes 

oo ao oo 50 

1.371 1.728 0.054 0.068 

0.101 0.249 0.004 0.010 
0.355 0.483 0.014 0.019 
0.190 0.249 0.008 0.010 
8.559 9.983 0.337 0.393 

3.810 3.988 0.150 0.157 
1.270 1.270 Reference 0.050 0.050 Reference 
5.816 6.198 0.229 0.244 
0.381 0.762 0.015 0.030 
0.406 1.143 0.016 0.045 

14 14 16 16 

- 0.102 - 0.004 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 18-Lead Plastic Surface Mount (SOIC - Wide, 300 mil Body) 

h x45° 
' -. :-

-----~l 
~-- ' '---t--C 

; --..: :.-
~ L ~ 

I L ~. cg::g::gJ 
Sea!l·ng CP ------------ ~ -~ee Plane _ l _____ f __ _ 

A1 A 

Package Group: Plastic SOIC (SO) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a. oo 90 oo eo 
A 2.362 2.642 0.093 0.104 

A1 0.101 0.300 0.004 0.012 
B 0.355 0.483 0.014 0.019 
c 0.241 0.318 0.009 0.013 
D 11.353 11.735 0.447 0.462 

E 7.416 7.595 0.292 0.299 
e 1.270 1.270 Reference 0.050 0.050 Reference 
H 10.007 10.643 0.394 0.419 
h 0.381 0.762 0.015 0.030 

L 0.406 1.143 0.016 0.045 

N 18 18 18 18 
CP - 0.102 - 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 

--i 

' 

er-
' 
' 

h x45° 

~ :---

-~I 
a /J L__J lL :::f::c 

,..... l I 

-+J L:--

t : D 

Sealing 
CP J_:::_::::~__\ ~~-------;·-~~ee 

Plane -r·--T---~ '--g--g-Q-1 

A1 A 

Package Group: Plastic SOIC (SO) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a. oo so oo so 
A 2.362 2.642 0.093 0.104 

A1 0.101 0.300 0.004 0.012 
B 0.355 0.483 0.014 0.019 
c 0.241 0.31S 0.009 O.o13 
D 15.214 15.596 0.599 0.614 
E 7.416 7.595 0.292 0.299 
e 1.270 1.270 Reference 0.050 0.050 Reference 
H 10.007 10.643 0.394 0.419 
h 0.3S1 0.762 0.015 0.030 
L 0.406 1.143 0.016 0.045 
N 24 24 24 24 

CP - 0.102 - 0.004 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 28-Lead Plastic Surface Mount (SOIC - Wide, 300 mil Body) 

h x45° 
--------: :,.._ 

........ ~ I -~--J L__J ~: ::_t::c - ---~ L ~ 

Package Group: Plastic SOIC (SO) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a oo so oo so 
A 2.362 2.642 0.093 0.104 

A1 0.101 0.300 0.004 0.012 
B 0.355 0.4S3 0.014 0.019 
c 0.241 0.31S 0.009 0.D13 
D 17.703 1S.OS5 0.697 0.712 
E 7.416 7.595 0.292 0.299 
e 1.270 1.270 Typical 0.050 0.050 Typical 

H 10.007 10.643 0.394 0.419 
h 0.3S1 0.762 0.015 0.030 
L 0.406 1.143 0.016 0.045 
N 2S 2S 2S 2S 

CP - 0.102 - 0.004 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 28-Lead Plastic Surface Mount (SOIC-Wide, 330 mil Body) 

Index 
Area 

Symbol 

IX 

A 
A1 
B 
c 
D 

E 
e 
H 
h 

L 
N 

CP 
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Min 

0 

2.286 
0.101 
0.355 
0.228 
17.780 
8.636 
1.270 

11.760 
0.254 
0.508 

28 
-

~e~ 
' 
' h x45° 

' ' 
~ ~ 

-----~ I ~/J L__J ~.:::f::c 
... --....: :.-

~ L ~ 

Package Group: Plastic SOIC (SW) 

Millimeters Inches 

Max Notes Min Max Notes 

8" 0 8" 

2.642 0.090 0.104 
0.280 0.004 0.011 
0.508 0.014 0.020 
0.305 0.009 0.012 
18.085 0.700 0.712 
8.890 0.340 0.350 
1.270 Reference 0.050 0.050 Reference 

12.116 0.463 0.477 
0.737 0.010 0.029 
1.067 0.020 0.042 

28 28 28 
0.102 - 0.004 
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MICROCHIP 

Packaging Diagrams and Parameters 

Plastic Shrink Small Outline Family 

Symbol List for Shrink Small Outline 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 

A1 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: 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 .015mm .006 package ends and .01 O" on sides. 

4. A .25mm visual index feature must be located within the shaded area to indicate pin 1 position. 

5. Terminal numbers are shown for reference. 
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MICRCCHIP 

Packaging Diagrams and Parameters 

Package Type: 20-Lead Plastic Surface Mount (SSOP • 209 mil Body 5.30 mm) 

Index 
area 

··-T--
E 

__ __l __ _ 

N -r 
H 

~ ___ J 
1 2 3 

;e; e:: 
~_J_ : : : : , ! A Baseplane . . r CP-----!:'.t::t:::l·:~ 
I I I I "'----: ' ' i Seating plane :-o A1 

Package Group: Plastic SSOP 

Millimeters 

Symbol Min Max Notes Min 

Cl. o• 8• o• 
A 1.730 1.990 0.068 

A1 0.050 0.210 0.002 
B 0.250 0.380 0.010 
c 0.130 0.220 0.005 
D 7.070 7.330 0.278 
E 5.200 5.380 0.205 
e 0.650 0.650 Reference 0.026 
H 7.650 7.900 0.301 
L 0.550 0.950 0.022 
N 20 20 20 

CP - 0.102 -

Inches 

Max 

8• 

0.078 
0.008 
0.015 
0.009 
0.289 
0.212 
0.026 
0.311 
0.037 

20 
0.004 

Notes 

Reference 
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Packaging Diagrams and Parameters 

Package Type: 28-Lead Plastic Surface Mount (SSOP - 209 mil Body 5.30 mm) 

Index 
area 

---T--
E 

___ J __ 

N 

1 2 3 

:e: s;: 

~--_!_ I I I I 

cP------~~J::::~:r Base plane 

' ' ' 'f f' I I I I "'-

: : Seating plane 
D :A1 

Package Group: Plastic SSOP 

Millimeters 

Symbol Min Max Notes Min 

a oo so oo 
A 1.730 1.990 0.06S 

A1 0.050 0.210 0.002 
B 0.250 0.380 0.010 
c 0.130 0.220 0.005 
D 10.070 10.330 0.396 
E 5.200 5.380 0.205 
e 0.650 0.650 Reference 0.026 
H 7.650 7.900 0.301 
L 0.550 0.950 0.022 
N 2S 2S 2S 

CP . 0.102 . 

© 1995 Microchip Technology Inc. 

Inches 

Max 

so 
0.07S 
o.oos 
0.015 
0.009 
0.407 
0.212 
0.026 
0.311 
0.037 

2S 
0.004 

MICROCHIP 

• 
Notes 

Reference 
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MICROCHIP 

Packaging Diagrams and Parameters 

Plastic Thin Small Outline and Very Small Outline Families (TSOP, VSOP) 

Symbol List for Thin Small Outline Package Parameters 

Symbol Description of Parameters 

ex Angular spacing between min. and max. lead positions measured at the gauge plane 

A Distance between seating plane to highest point of body 

A1 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 .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. 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 28-Lead Plastic Surface Mount (TSOP 8 x 20 mm) 

index 
Area 

1-· 

e __ J ____ -· __ T ___ --

s::::?::: 

+ 

Symbol 

CJ. 

A 
A1 

B 
c 
D 
E 
e 
H 
L 
N 

CP 

Min 

0 

-
0.050 

0.150 
0.100 
7.800 
18.290 
0.510 
19.810 
0.410 

28 

-
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H 

28 

Package Group: Plastic TSOP (TS) 

Millimeters 

Max Notes Min 

8" 0 

1.190 -
0.150 0.002 
0.250 0.006 
0.200 0.004 
8.200 0.307 
18.490 0.720 

- Reference 0.020 

20.190 0.780 
0.610 0.016 

28 28 
0.102 -

: A : 

: ..... : CP 

--~----;~ 
A1 T : : 

:~ 
' L' 

DETAIL A 

Inches 

Max Notes 

80 

0.047 
0.006 
0.010 
0.008 
0.323 
0.728 

- Reference 
0.795 
0.024 

28 
0.004 
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MICROCHIP 

Packaging Diagrams and Parameters 

Package Type: 28-Lead Plastic Surface Mount (VSOP 8x13.4 mm)) 

H 
: A : 

CP -· . --·---r---
D 

___ j ___ B 
---T-- ____ J ___ _ 
N 

\ 10°Typical 

,,- ~ Parting 
Seating ~---------------,~ .1.'- Line 
Plane I /, ( '. I\ , \ 

~~( \ =~:f I 
riai;;e See Detail A/' ~ ,,-

---a_l 
A1T-W] 

' L' 

DETAIL A 

Package Group: Plastic VSOP (VS) 

Millimeters Inches 

Symbol Min Max Notes Min Max Notes 

a 0 a· 0 90 

A 1.000 1.250 0.039 0.049 

A1 0.000 0.200 0.000 0.008 

B 0.150 0.300 0.006 0.012 

c 0.130 0.220 0.005 0.009 

D 7.900 8.100 0.311 0.319 

E 11.700 11.900 0.460 0.468 

e 0.550 - Reference 0.022 - Reference 

H 13.100 13.700 0.516 0.539 

N 28 28 28 28 

L 0.300 0.700 0.012 0.027 

CP - 0.102 - 0.004 
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MICROCHIP 

Packaging Diagrams and Parameters 

Plastic Metric Quad Flatpack Family (MQFP) 

Symbol List for Metric Plastic Quad Flatpack 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 

A1 Distance between seating plane and base plane 

A2. Distance from base plane to highest point of body 

b Width of terminals 

c Thickness of terminals 

D1/E1 Largest overall package parameter including leads 

D/E Largest overall package parameter including leads 

D3/E3 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. All dimensions and tolerances conform to ANSI Y14.5M-1982. 

2. Datum plane I -H- ~s located at bottom of mold parting line and coincident with bottom of lead, where lead exits 
body. 

3 Datums §n@to be determined at datum plan@. 

A\_· To be determined at seating plan@. 

S Dimension D1 and E1 do not include mold protrusion. Allowable m. old protrusion i4 0.25jm per side. Dimen
sions D1 and E1 do not include mold mismatch and are determined at datum plan -H- . 

~. Details of pin 1 identifier are optional but must be located within the zone indicated. 

?fi. These dimensions to be determined at datum plan@. 

8. All dimensions are 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. 

LI.ID.. Exact shape of this feature is optional. 

11. N is the number of leads. 

12. Controlling parameter: millimeters: 

13. All packages are gull wing lead form. 
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MICRDCHIP 

Packaging Diagrams and Parameters 

Package Type: 44-Lead Plastic Surface Mount (MQFP 1 Ox1 O mm Body 1.6/0.15 mm Lead Form)) 

Base 
Plane 

r-01&,6-i 
: :---D3~ : 
I I I I 

' ' ' I I I I 

r;~\:::(l 
E3 E1 

___ J_ 

" .e. e:: 
--+! ;.- --..: ;.-

I I "11 

---r-.--~· ------f-A:;, ~ --- - ' ' __ J_ l A . . ---r·'-- Seating 
Plane 

Package Group: Plastic MQFP 

Millimeters 

Symbol Min Max Notes Min 

(l oo 70 oo 
A 2.000 2.350 0,078 

A1 0.050 0.250 0.002 
A2 1.950 2.100 0.768 
b 0.300 0.450 Typical 0.011 
c 0.150 0.180 0.006 
0 12.950 13.450 0.510 

01 9.900 10.100 0.390 
03 8.000 8.000 Reference 0.315 
E 12.950 13.450 0.510 

E1 9.900 10.100 0.390 
E3 8.000 8.000 Reference 0.315 
e 0.800 0.800 0.031 
L 0.730 1.030 0.028 
N 44 44 44 

CP 0.102 - 0.004 
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Inches 

Max 

70 

0.093 
0.010 
0,083 
0.018 
0.007 
0.530 
0.398 
0.315 
0.530 
0.398 
0.315 
0.032 
0.041 

44 

-

~· !-- 0.20min. 

'' '' : :' ' 0.13Rmin. 

1: 
: __ :J(."'"o.1at0.30 R 

' ' '--0---1-- ~---: : : ',~',/ 
:-.: L!-9- )'' C 
:---..: 
i.eo Ref. 

Notes 

Typical 

Reference 

Reference 
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MICROCHIP 

Devices in Die/Wafer Form - Non-Volatile Memory 

INTRODUCTION 

Microchip Technology lnc:s non-volatile memory 
devices 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, 

"Characterization and Qualification of Integrated Cir
cuits", and QCl-39000, "Worldwide Quality Conform
ance Requirements". 

PRODUCT INTEGRITY 

Product supplied in die or wafer form will be 100 per
cent 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 ultra-violet light or 
x-rays must be avoided. Exposure to ultra-violet light or 
x-rays may cause the device to operate improperly. 

These products are susceptible to damage from elec
tro-static discharge. Extreme care is urged in the han
dling 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 electrlcally conduc
tive adhesive (e.g. epoxy) to any substrate. 

© 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 with
out any gold coating. 

ELECTRICAL 

Dice are guaranteed to fully meet data sheet specifica
tions at the commercial temperature range of O"C to 
70°C. 

The die back side is grounded through contacts internal 
to the part. Thus, it 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 "waffle 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 sep
arated by lint free paper and dry packed in a shipping 
container of appropriate size which is labeled with lot 
number, quantity, part number and packing date. 
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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 Is and /w are used to 
designate devices in die and wafer form, respei:tiVely. 

All Microchip Technology lnc:s die proc!ucts are sub
jected to functional and parametrii: testing at the wafer 
level. TM tYpical EEPROM test flow is shown in 
Figure 1. 

FIGURE 1: EEPROM TEST FLOW . 

Untested Wafers 

I 
70°C Electrical and 

Functional Test 

I 
Retention Bake 

5 hours @ 2so0c 

1 
25°C Electrical and 

Functional Test 
(Bad Die Inked) 

I 
Saw and Clean Die 

(N/A for Wafer Sales) 

J 
Optical Inspection 

(100% Visual per QCl-30014) 

l 
. Waffle or Wafer Pack 

I 
Finished Goods Inventory 

j_ 
Die/Wafer Shipment 
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MICROCHIP 

Factory Representatives 

SECTION9 
OFFICE LOCATIONS 

Africa ........................................................................................................................................... 9-1 
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MICROCHIP 

AFRICA 

AMOS 
P.O. Box 58208 
Newville 2114 
Republic of South Africa 
Tel: 27/11-6732141 
Fax: 27/11-6736024 

ASIA/PACIFIC 

Hong Kong 

Microchip Technology Inc. 
Unit No. 3002-3004, Tower 1 
Metro plaza 
223 Hing Fong Road 
Kwai Fong, N.T. Hong Kong 
Tel: 852 2 401 1200 
Fax: 852 2 401 3431 

Japan 

Microchip Technology Intl. Inc. 
BenexS-16F 
3-18-20, Shin Yokohama 
Kohoku-Ku, Yokohama 
Kanagawa 222 Japan 
Tel: 81 45 471 6166 
Fax: 81 45 471 6122 

Korea 

Microchip Technology Korea 
168-1, Youngbo Bldg. 3 Floor 
Samsung-Dong, Kangnam-Ku, 
Seoul, Korea 
Tel: 82 2 554 7200 
Fax: 82 2 558 5934 

Singapore 

Microchip Technology Inc. 
200 Middle Road 
#10-03 Prime Centre 
Singapore 0718 
Tel (mobile): 65 634 2305 

Taiwan 

Microchip Technology Taiwan 
10F-1C 207 
Tung Hua North Road 
Taipei, Taiwan, ROC 
Tel: 886 2 717 7175 
Fax: 886 2 545 0139 
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Factory Representatives 

CANADA 

Alberta 

Enerlec Sales Ltd. 
#103155 Glendeer Circle S.E. 
Calgary, Alberta T2H 2S8 Canada 
Tel: 403-777-1550 
Fax: 403-777-1553 

British Columbia 

Enerlec Sales Ltd. 
#7 3671 Viking Way 
Richmond, B.C. V6V 1W1 Canada 
Tel: 604-273-0882 
Fax: 604-273-0884 

Manitoba 

Enerlec Sales Ltd. 
#7 3671 Viking Way 
Richmond, B.C. V6V 1W1 Canada 
Tel: 604-273-0882 
Fax: 604-273-0884 

New Brunswick 

Dynasty Components, Inc. 
1140 Morrison Drive, Unit 11 O 
Ottawa, Ontario K2H 8S9 Canada 
Tel: 613-596-9800 
Fax: 613-596-9886 

Newfoundland 

Dynasty Components, Inc. 
1140 Morrison Drive, Unit 110 
Ottawa, Ontario K2H 859 Canada 
Tel: 613-596-9800 
Fax: 613-596-9886 

Ontario 

Dynasty Components, Inc. 
1140 Morrison Drive, Unit 11 o 
Ottawa, Ontario K2H 8S9 Canada 
Tel: 613-596-9800 
Fax: 613-596-9886 

Prince Edward Island 

Dynasty Components, Inc. 
1140 Morrison Drive, Unit 110 
Ottawa, Ontario K2H 8S9 Canada 
Tel: 613-596-9800 
Fax: 613-596-9886 

Quebec 

Dynasty Components, Inc. 
1140 Morrison Drive, Unit 11 o 
Ottawa, Ontario K2H 8S9 Canada 
Tel: 613-596-9800 
Fax: 613-596-9886 

Saskatchewan 

Enerlec Sales Ltd. 
#7 3671 Viking Way 
Richmond, B.C. V6V 1W1 Canada 
Tel: 604-273-0882 
Fax: 604-273-0884 
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Factory Representatives 

EUROPE 

Finland 

Memec FinlJllld .. 
Asemankello 
Vernissankatu 6 
Fin 01300 Vantaa 
Finland 
Tel: 358-07001-9830 
Fax: 358-07001-9839 

Germany 
Active Rep GmbH 
Beningastr. 24 
D-26721 Emden 
Germany 
Tel: 49/4921-979071 
Fax: 49/4921-979072 

Active Rep GmbH 
Blumental 1-3 
D-42653 Solingen 
Germany 
Tel: 49/212-25823-0 
Fax: 49/212--282323 

Active Rep GmbH 
Kennedy-StraBe 5 
D-75438 Knittlingen 
Germany 
Tel: 49/7043-33276 
Fax: 49/7043-33492 

Active Rep GmbH 
Reichenaustr. 18 
D-81234 Muenchen 
Germany 
Tel: 49/89-89689181 
Fax: 49/89-89689183 
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Ireland 
Eltech Agencies, Ltd. 
27 Maccurtain Street 
Cork Ireland 
Tel: 353-21-509366 
Fax: 353-21-509344 

Israel 
Elina Electronics Ltd. 
14 Raoul Wallenberg St. 
P.O. Box 13190 
Te1Aviv61131 Israel 
Tel: 972 3 49 85 43 
Fax: 972 3 49 87 45 

Netherlands 
Sonetech 
P.O.Box258 
5670 AG Nuenen 
Netherlands 
Tel: 31-40-837075 
Fax: 31-40-832300 

Scotland 
Juniper Solutions 
Unit NAB, Newhouse Business Park 
NewHouse Road 
Grangemouth FK3 SLL 
Scotland 
Tel: 44-1324-666990 
Fax: 44-1324-666980 

Sweden 
Memec Scandinavia AB 
Kvarnholmsvagen 52 
131 31 Nacka 
Sweden 
Tel: 46-8643-4190 
Fax: 46-8643-1195 

Turkey 
Inter Muehendislik Danismanlik 
Ve TicaretA.S. 1 
Hasircbasi Caddesi No. 55 
81310 Kadikoy 
Istanbul 
Turkey 
Tel: 90 216 349 94 00 
Fax: 90 216 349 94 31 

MEXICO 

CompTech de Mexico 
Av. Morelos Sur 882 
Col.Centro 
Cuernavaca, Morelos CP62000 
Tel: 52 73122733 
Fax: 52 73126368 
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SOUTH AMERICA 

Argentina 

lbars Electronics Corporation 
10020 N.W.6th Ct. 
Pembroke Pines, Florida 33024 
USA 
Tel: 305-430-3740 
Fax: 305-430-3763 

Bolivia 

lbars Electronics Corporation 
10020 N. W. 6th Ct. 
Pembroke Pines, Florida 33024 
USA 
Tel: 305-430-3740 
Fax: 305-430-3763 

Brazil 

Aplicacoes Eletronicas 
Artimar Ltda. 
Rua Marques de ltu N°. 70-10And. 
CEP 01223 
Sao Paulo, Brazil 
Tel: 55-11-231-0277 
Fax: 55-11-255-0511 

© 1995 Microchip Technology Inc. 

Factory Representatives 

Caribbean 

lbars Electronics Corporation 
10020 N.W. 6th Ct. 
Pembroke Pines, Florida 33024 
USA 
Tel: 305-430-3740 
Fax: 305-430-3763 

Chile 

lbars Electronics Corporation 
10020 N.W. 6th Ct. 
Pembroke Pines, Florida 33024 
USA 
Tel: 305-430-3740 
Fax: 305-430-3763 

Columbia 

lbars Electronics Corporation 
10020 N.W. 6th Ct. 
Pembroke Pines, Florida 33024 
USA 
Tel: 305-430-3740 
Fax: 305-430-3763 

Ecuador 

lbars Electronics Corporation 
10020 N.W. 6th Ct. 
Pembroke Pines, Florida 33024 
USA 
Tel: 305-430-3740 
Fax: 305-430-3763 

Paraguay 

lbars Electronics Corporation 
10020 N.W. 6th Ct. 
Pembroke Pines, Florida 33024 
USA 
Tel: 305-430-3740 
Fax: 305-430-3763 

Peru 

lbars Electronics Corporation 
10020 N.W. 6th Ct. 
Pembroke Pines, Florida 33024 
USA 
Tel: 305-430-3740 
Fax: 305-430-3763 

Uruguay 

lbars Electronics Corporation 
10020 N.W. 6th Ct. 
Pembroke Pines, Florida 33024 
USA 
Tel: 305-430-3740 
Fax: 305-430-3763 

Venezuela 

lbars Electronics Corporation 
10020 N.W. 6th Ct. 
Pembroke Pines, Florida 33024 
USA 
Tel: 305-430-3740 
Fax: 305-430-3763 
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Factory Representatives 

UNITED STATES 

Alaska 

Trinity Technologies 
1261 Oakmead Parkway 
Sunnyvale, CA 94086 
Tel: 408-733-9000 
Fax: 408-733-9970 

Alabama 

Concord Component Reps Inc. 
190 Lime Quarry Road, Suite 102 
Madison, AL 35758 
Tel: 205-772-8883 
Fax: 205-772-8262 

Arizona 

Western High Tech Marketing, Inc. 
9414 E. San Salvador, Suite 206 
Scottsdale, AZ 85258 
Tel: 602-860-2702 
Fax: 602-860-2712 

Arkansas 

CompTech Sales, Inc. 
2401 Gateway Drive 
Suite 114 
Irving, TX 75063 
Tel: 214-751-1181 
Fax: 214-550-8113 

California 

Costa Mesa 

Competitive Technology, Inc. 
200 Baker Street, Suite 101 
Costa Mesa, CA 92626 
Tel: 714-540-5501 
Fax: 714-540-5171 

Escondido 

Eagle Technical Sales Assoc. Inc. 
1900 Sunset Drive, Suite A 
Escondido, CA 92025 
Tel: 619-743-6550 
Tel: 619-743-6585 

Sunnyvale 

Trinity Technologies 
1261 Oakmead Parkway 
Sunnyvale, CA 94086 
Tel: 408-733-9000 
Fax: 408-733-9970 
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Colorado 

Western Region Marketing 
9176 Marshall Place 
Westminster, CO 80030 
Tel: 303-428-8088 
Fax: 303-426-8585 

Connecticut 

Gilford 

S-J Associates, Inc. 
10 Copper Ridge Circle 
Gilford, CT 06437 
Tel: 203-458-7558 
Fax: 203-458-1181 

Naugatuck 

S-J Associates, Inc. 
15 Coventry Lane 
Naµgatuck, CT 06770 
Tel: 203-723-4707 
Fax: 202-723-1629 

Delaware 

S-J Mid-Atlantic, Inc. 
131-D Gaither Drive 
Mt. Laurel, NJ 08054 
Tel: 609-866-1234 
Fax: 609-866-8627 

District of Columbia 

S-J Chesapeake 
900 S. Washington Street 
Suite 307 
Falls Church, VA 22046 
Tel: 703-533-2233 
Fax: 703-533-2236 

Florida 

Altamonte Springs 

Electramark Florida, Inc. 
401 Whooping Loop, Suite 1565 
Altamonte Springs, FL 32701 
Tel: 407-830-0844 
Fax: 407-830-0847 

Boca Raton 

Electramark Florida, Inc. 
621 NW 53rd Street, Suite 240 
Boca Raton, FL 33487 
Tel: 407-998-8820 
Fax: 407-998-8821 

Tampa 

Electramark Florida, Inc. 
2910 W. Waters Ave. 
Tampa, FL 33614 
Tel: 813-915-1177 
Fax: 813-915-1188 

Georgia 

Concord Component Reps Inc. 
6825 Jimmy Carter Boulevard 
Norcross, GA 30071 
Tel: 404-416-9597 
Fax: 404-441-0790 

Hawaii 

Trinity Technologies 
1261 Oakmead Parkway 
Sunnyvale, CA 94086 
Tel: 408-733-9000 
Fax: 408-733-9970 

Idaho 

Micro Sales 
2122 - 112th Ave. N.E. 
Bellevue, WA 98004 
Tel: 206-451-0568 
Fax: 206-453-0092 

Illinois 

Janus Incorporated 
650 E. Devon Avenue 
Itasca, IL 60143 
Tel: 708-250-9650 
Fax: 708-250-8761 

Indiana 

Fort Wayne 

Electro Reps, Inc. 
125 Airport North Office Park 
Fort Wayne, IN 46825 
Tel: 219-489-8205 
Fax: 219-489-8408 

Indianapolis 

Electro Reps, Inc. 
7240 Shadeland Station, Suite 275 
Indianapolis, IN 46256 
Tel: 317-842-7202 
Fax: 317-841-0230 

Iowa 

Spectrum Sales 
1364 Elmhurst Drive NE 
Cedar Rapids, IA 52402 
Tel: 319-366-0576 
Fax: 319-366-0635 

Kansas 

Spectrum Sales 
5382 W. 95th Street 
Prairie Village, KS 66207 
Tel: 913-648-6811 
Fax: 913-648-6823 
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Kentucky 

Northern 

Technology Marketing Corporation 
9200 Montgomery Road 
Suite 11A 
Cincinnati, OH 45242 
Tel: 513-984-6720 
Fax: 513-984-6874 

Southern 

Electro Reps, Inc. 
7240 Shadeland Station, Suite 275 
Indianapolis, IN 46256 
Tel: 317-842-7202 
Fax: 317-841-0230 

Louisiana 

CompTech Sales, Inc. 
10550 Richmond Avenue 
Suite 105 
Houston, TX 77042 
Tel: 713-781-7420 
Fax: 713-781-5865 

Maine 

S-J New England, Inc. 
44Mall Road 
Burlington, MA 01803 
Tel: 617-272-5552 
Fax: 617-272-5515 

Maryland 

S-J Chesapeake 
900 S. Washington Street 
Suite 307 
Falls Church, VA 22046 
Tel: 703-533-2233 
Fax: 703-533-2236 

Massachusetts 

S-J New England, Inc. 
44Mall Road 
Burlington, MA 01803 
Tel: 617-272-5552 
Fax: 617-272-5515 

Michigan 

Farmington Hiiis 

J. L. Montgomery Associates, Inc. 
34405West 12 Mile Road, Suite 149 
P.O. Box 2726 
Farmington Hills, Ml 48333-2726 
Tel: 810-489-0099 
Fax: 810-489-0189 

Grand Rapids 

J. L. Montgomery Associates, Inc. 
2215 Oak Industrial Drive NE 
Grand Rapids, Ml 49505 
Tel: 616-458-5490 
Fax: 616-458-5709 
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Factory Representatives 

Minnesota 

Comprehensive Technical Sales Inc. 
6513 City West Parkway 
Eden Prairie, MN 55344 
Tel: 612-941-7181 
Fax: 612-941-4322 

Mississippi 

Concord Component Reps Inc. 
190 Lime Quarry Road, Suite 102 
Madison, AL 35758 
Tel: 205-772-8883 
Fax: 205-772-8262 

Missouri 

Spectrum Sales 
5494 Brown Road, Suite 124 
St. Louis, MO 63042 
Tel: 314-731-4477 
Fax: 314-731-1332 

Montana 

Western Region Marketing 
9176 Marshall Place 
Westminster, CO 80030 
Tel: 303-428-8088 
Fax: 303-426-8585 

Nebraska 

Spectrum Sales 
5382 W. 95th Street 
Prairie Village, KS 66207 
Tel: 913-648-6811 
Fax: 913-648-6823 

Nevada 

Northern 

Trinity Technologies 
1261 Oakmead Parkway 
Sunnyvale, CA 94086 
Tel: 408-733-9000 
Fax: 408-733-9970 

Southern 

Western High Tech Marketing, Inc. 
9414 E. San Salvador, Suite 206 
Scottsdale, AZ. 85258 
Tel: 602-860-2702 
Fax: 602-860-2712 

New Hampshire 

S-J New England, Inc. 
44Mall Road 
Burlington, MA 01803 
Tel: 617-272-5552 
Fax: 617-272-5515 

New Jersey 

Northern 

Parallax 
734 Walt Whitman Road 
Melville, NY 11747 
Tel: 516-351-1000 
Fax: 516-351-1606 

Southern 

S-J Mid-Atlantic, Inc. 
131-D Gaither Drive 
Mt. Laurel, NJ 08054 
Tel: 609-866-1234 
Fax: 609-866-8627 

New Mexico 

Western High Tech Marketing, Inc. 
9414 E. San Salvador, Suite 206 
Scottsdale, AZ. 85258 
Tel: 602-860-2702 
Fax: 602-860-2712 

New York 

Melville 

Parallax 
734 Walt Whitman Road 
Melville, NY 11747 
Tel: 516-351-1000 
Fax: 516-351-1606 

Rochester 

Apex Associates, Inc. 
121 o Jefferson Road 
Rochester, NY 14623 
Tel: 716-272-7040 
Fax: 716-272-7756 

North Carolina 

Zucker Associates 
4070 Barrett Drive 
Raleigh, NC 27609 
Tel: 919-782-8433 
Fax: 919-782-8476 

North Dakota 

Comprehensive Technical Sales Inc. 
6513 City West Parkway 
Eden Prairie, MN 55344 
Tel: 612-941-7181 
Fax: 612-941-4322 
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Factory Representatives 

Ohio 

Cincinnati 

Technology Marketing Corporation 
9200 Montgomery Road, Suite 11A 
Cincinnati, OH 45242 
Tel: 513-984-6720 
Fax: 513-984-6874 

Middleburg Heights 

Technology Marketing Corporation 
7017 Pearl Road 
Middleburg Heights, OH 44130 
Tel: 216-885-5544 
Fax: 216-885-5011 

Oklahoma 

CompTech Sales, Inc. 
18700 Woodbriar Lane 
Catoosa, OK 74015 
Tel: 918-266-1966 
Fax: 918-266-1808 

Oregon 

Micro Sales 
1865 N.W. 169th Pl. #210 
Beaverton, OR 97006 
Tel: 503-645-2841 
Fax: 503-645-3754 

Pennsylvania 

Eastern 

S-J Mid-Atlantic, Inc. 
131-D Gaither Drive 
Mt. Laurel, NJ 08054 
Tel: 609-866-1234 
Fax: 609-866-8627 

Western 

Technology Marketing Corporation 
9200 Montgomery Road, Suite 11A 
Cincinnati, OH 45242 
Tel: 513-984-6720 
Fax: 513-984-6874 

Rhode Island 

S-J New England, Inc. 
44 Mall Road 
Burlington, MA 01803 
Tel: 617-272-5552 
Fax: 617-272-5515 

South Carolina 

Zucker Associates 
4070 Barrett Drive 
Raleigh, NC 27609 
Tel: 919-782-8433 
Fax: 919-782-8476 
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South Dakota 

Comprehensive Technical Sales Inc. 
6513 City West Parkway 
Eden Prairie, MN 55344 
Tel: 612-941·7181 
Fax: 612-941-4322 

Tennessee· 

Eastern 

Zucker Associates 
4070 Barrett Drive 
Raleigh, NC 27609 
Tel: 919-782-8433 
Fax: 919-782-8476 

Western 

Concord Component Reps Inc. 
6825 Jimmy Carter Boulevard 
Norcross, GA 30071 
Tel: 404-416-9597 
Fax: 404-441-0790 

Texas 

Austin 

CompTech Sales, Inc. 
11130 Jollyville Road, Suite 200 
Austin, TX 78759 
Tel: 512-343-0300 
Fax: 512-345-2530 

Brownsville 

CompTech Sales, Inc. 
2390 Central Blvd., Suite P 
Brownsville, TX 78520 
Tel: 210-504-9693 
Fax: 210-504-9982 

El Paso 

CompTech Sales, inc. 
3120Wheeling Rd. 
El Paso, TX 79930 
Tel: 915-566-1022 
Fax: 915-566-1030 

Houston 

Comp Tech Sales, Inc. 
10550 Richmond Avenue 
Suite 105 
Houston, TX n042 
Tel: 713-781-7420 
Fax: 713-781-5865 

Irving 

CompTech Sales, Inc. 
2401 Gateway Drive 
Suite 114 
Irving, TX 75063 
Tel: 214-751-1181 
Fax: 214-550-8113 

Utah 

Western Region Marketing 
3539 South Main, Suite 210 
Salt Lake City, UT 84115 
Tel: 801-268-9768 
Fax: 801-268-9796 

Vermont 

S-J New England, Inc. 
44Mall Road 
Burlington, MA 01803 
Tel: 617-272-5552 
Fax: 617-272-5515 

Virginia 

S-J Chesapeake 
900 S. Washington Street 
Suite307 
Falls Church, VA 22046 
Tel: 703-533-2233 
Fax: 703-533-2236 

Washington 

Micro Sales 
2122 - 112th Ave. N.E. 
Bellevue, WA 98004 
Tel: 206-451-0568 
Fax: 206-453-0092 

West Virginia 

S-J Chesapeake 
900 S. Washington Street 
Suite307 
Falls Church, VA 22046 
Tel: 703-533-2233 
Fax: 703-533-2236 

Wisconsin 

Janus Incorporated 
375 Williamstowne 
Delafield, WI 53018 
Tel: 414-646-5420. 
Fax: 414-646-2421 

Wyoming 

Western Region Marketing 
9176 Marshall Place 
Westminster, CO 80030 
Tel: 303-428-8088 
Fax: 303-426-8585 
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MICROCHIP 

AFRICA 

South Africa 

Pace Electronic Components Ltd. 
Cnr. Vanacht & Gewel Streets 
P.O. Box 701 
lsando 1600, Transvaal 
Republic of South Africa 
Tel: 27/11-9741211 
Fax: 27 /11-97 41271 

ASIA/PACIFIC 

Australia 

Har-Tee Australia 
205 Middleborough Road 
Box Hill, Victoria Australia 3128 
Tel: 61-3-890-0970 
Fax: 61-3-899-5191 

China 

Wuhan Liyuan 
107-2 Luo Yu Road 
Wuhan 430070 
Peoples Republic of China 
Tel: 86-27-7802986 
Fax: 86-27-7802985 

Fuzhou Dingxu 
3/F, No3 Building 
Chang Ting Industrial Area 
Xianjin Rd 
Fuzhou 
Peoples Republic of China 
Tel: 86-591-372-9174 
Fax: 86-591-371-7704 

Goldenchip Electronics 
7/F, 275 Wushi Road 
Fuzhou 
Peoples Republic of China 
Tel: 86-591-784-4159 
Fax: 86-591-784-4160 
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Distributors 

Hong Kong 

Goldenchip Research 
11/F, 1116-7 Kwai on Fty Bldg 
103 Tai Lin Pai Road 
Kwai Chung, N.T. Hong Kong 
Tel: 852-2426-3968 
Fax: 852-2481-7403 

lnfinitron 
Rm 802, 8/F Kinox Centre 
9 Hung To Rd, Kwun Tong 
Kowloon 
Hong Kong 
Tel: 852-2341-6611 
Fax: 852-2950-0987 

Excelpoint Systems 
Rm. 2108, Fortress Tower 
250 King's Road 
North Point 
Hong Kong 
Tel: 852-2503-2212 
Fax: 852-2503-1558 

India 

Excelpoint Systems 
11/1 & 111 /2 Dickenson Road 
Bangalore 560042 India 
Tel: 91-80-5586719 
Fax: 91-80-5586606 

Japan 

Dianichi Contronics Inc. 
Dainichi Bldg. 1-7 Karaku-Chrome, 
Bunkyo-Ku 
Tokyo 112, Japan 
Tel: 81-3-818-8081 
Fax: 81-3-3818-8088 

Marubeni Hytech Co., Ltd. 
Marubeni Hytech Building 
4-20-22, Koishikawa 
Bunkyo-Ku 
Tokyo 112 Japan 
Tel: 81-3-3817-4921 
Fax: 81-3-3817-4880 

Japan (continued) 

Nippon Precision Device Corp. 
Nichibei Time 24 Bldg. 
35 Tansu-Cho, Shinjuku-Ku 
Tokyo 162 Japan 
Tel: 81-3-3260-1411 
Fax: 81-3-3260-7100 

Ryoden Trading Co. 
3-15-15, Higashi lkebukuro 
Toshima-Ku 
Tokyo 170 Japan 
Tel: 81-3-5396-6197 
Fax: 81-3-5396-6443 

Unidux 
5-1-21, Kyonan-cho 
Musashino-shi 
Tokyo 180 Japan 
Tel: 81-422-32-4111 
Fax: 81-422-31-2050 

Korea 

ProCHIPS Inc. 
779-12, Daelim 3-Dong 
Youngdeungpo-Ku, 
Seoul, Korea 
Tel: 822-849-8567 
Fax: 822-849-8659 

New Zealand 

Har-Tee NZ Limited 
50 O'Rourke Road 
P.O. Box 12055 
Penrose, Aukland New Zealand 
Tel: 64-9-525-1096 
Fax: 64-9-525-1097 

05000561-page 9-7 

II 



Distributors 

ASIA/PACIFIC (continued) 

Singapore 
Gates Engineering 
5611 North Bridge Road 
#06-01 Eng Cheong Tower 
Singapore 0719 
Tel: 65-299-9937 
Fax: 65-299-7636 

Excelpoint Systems 
12 Tannery Lane #06-01/02 
Beam Building 
Singapore 1334 
Tel: 65-741-8980 
Fax: 65-741-8980 

Taiwan, R.O.C. 
Solomon Technology Corp. 
5th Floor, No. 293, Sec. 5 
Chung Hsiao E. Rd. 
Taipei, Taiwan, R.O.C. 
Tel: 886-02-788-8989 
Fax: 866-02-788-8029 

Pinnacle Technologies Co. Ltd. 
4F, No. 270, Sec. 3 
Nan-Kang Road 
Taipei, Taiwan, R.O.C. 
Tel: 02 788 4800 
Fax: 02 788 5969 
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CANADA 

Vancouver, British Columbia 

Famell Electronic Services 
8525 Baxter Place, Unit 101 
Production Court 
Bumaby, B.C. V5A 4V7 
Canada 
Tel: 604-421-6222 
Fax: 604-421-0582 

Samad Electronics 
3700 Gilmore Way, #212 
Bumaby, B.C. V5G 4M1 
Canada 
Tel: 604-451-3444 
Fax: 604-451-3445 

Pioneer/Zentronics 
4455 No. 6 Road 
Richmond, B.C. V6V 1 PB 
Canada 
Tel: 604-273-5575 
Fax: 604-273-2413 

Future Electronics 
1695 Boundary Road 
Vancouver, B.C. V5K 4X7 
Canada 
Tel: 604-294-1166 
Fax: 604-294-1206 

Calgary, Alberta 
Famell Electronic Services 
3015 - 5th Ave. NE 
Suite 210 
Calgary, Alberta T2A 6T8 
Canada 
Tel: 403-273-2780 
Fax: 403-273-7458 

Future Electronics 
2015 32nd Ave. N.E., Unit 1 
Calgary, Alberta T2E 6Z3 
Canada 
Tel: 403-250-5550 
Fax: 403-291-7054 

Pioneer/Zentronics 
#560, 1212-31st Avenue N:E. 
Calgary, Alberta T2E 7S8 
Canada 
Tel: 403-291-1988 
Fax: 403-291-0740 

Semad Electronics 
6815 8th St. N.E. 
Suite 175 
Calgary, Alberta T2E 7H7 
Canada 
Tel: 403-252-5664 
Fax: 800-565-9779 
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Distributors 

Edmonton, Alberta Ottawa, Ontario Quebec City, Quebec 

Future Electronics Farnell Electronic Services Future Electronics 
4606-97th Street 39 Robertson Road, Suite 506 1000 Ave. St. Jean Baptiste 
Edmonton, Alberta T6E 5NG Bell Mews Suite 100 
Canada Nepean, Ontario K2H 8R2 Quebec G2E 5G5 
Tel: 403-438-2858 Canada Canada 
Fax: 403-434-0812 Tel: 613-596-6980 Tel: 418-877 -6666 

Fax: 613-596-6987 Fax: 418-877 -6671 
Pioneer/Zentronics 
Plaza 124 #708 Pioneer/Zentronics Pioneer/Zentronics 
10216-124 Street 223 Colonnade Road, Suite 112 2954 Blvd. Laurier 
Edmonton, Alberta T5N 4A3 Nepean, Ontario K2E 7K3 Suite 100 
Canada Canada Ste-Foy, Quebec G1V 4T2 
Tel: 403-482-3038 Tel: 613-226-8840 Canada 
Fax: 403-482· 1336 Fax: 613-226-6352 Tel: 418-654· 1077 

London, Ontario Fax: 418-654-2958 
Future Electronics Winnipeg, Manitoba Pioneer/Zentronics 1050 Baxter Road 

148 York Street, Suite 209 Ottawa, Ontario K2C 3P2 Pioneer/Zentronics 
London N6A 1A9 Canada 540 Marjorie Street 
Canada Tel: 613-820-8313 Winnipeg, Manitoba R3H OS9 
Tel: 519-672-4666 Fax: 613-820-3271 Canada 
Fax: 519-672-3528 Tel: 204-989· 1957 

Toronto, Ontario Semad Electronics Fax: 204-633-9255 

Farnell Electronic Services 
2781 Lancaster 
Suite 302 Future Electronics 

300 N. Rivermede Road Ottawa, Ontario K1B 1A7 106 King Edward 
Concord, Ontario L4K 2Z4 Canada Winnipeg, Manitoba R3H ON8 
Canada Tel: 613-526-4866 Canada 
Tel: 416· 798-4884 Fax: 613-523-4372 Tel: 204-944-1446 
Fax: 416· 798-4889 Fax: 204-783-8133 

Montreal, Quebec 
Semad Electronics Farnell Electronic Services Farnell Electronic Services 
85 Spy Court 6600 Trans Canada Highway Unit 250, 1625 Dublin Ave. 
Markham, Ontario L3R 4Z4 Suite620 Winnipeg, Manitoba R3H OW3 
Canada Pointe Clare, Quebec H9R 4S2 Canada 
Tel: 416-475-3922 Canada Tel: 204-786-2589 
Fax: 416-475-4158 Tel: 514-697-8149 Fax: 204-786-2637 

Fax: 514-697-1210 
Future Electronics 
5935 Airport Road, Suite 200 Future Electronics/Branch 

II Mississauga, Ontario L4V 1W5 237 Hymus Boulevard 
Canada Pointe Claire, Quebec H9R 5C7 
Tel: 905-612-9200 Canada 
Fax: 905-612-9185 Tel: 514-694-7710 

Fax: 514-695-3707 
Pioneer/Zentronics 
3415 American Drive Semad Electronics 
Mississauga, Ontario L4V 1T4 243 Place Frontenac 
Canada Pointe Clare, Quebec H9R 427 
Tel: 905-405-8300 Canada 
Fax: 905-405-6423 Tel: 514-694-0860 

Fax: 514-694-0965 

Pioneer/Zentronics 
520 McCaffrey Street 
Ville St. Laurent, Quebec H4T 1 N1 
Canada 
Tel: 514-737-9700 
Fax: 514-737-5212 
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Distributors 

EUROPE 

Austria 
Elbatex GmbH 
Eitnergasse 6 
A-1230 Wien 
Austria 
Tel: 43/1-86642-0 
Fax: 43/1-86642-201 

Belgium, Netherlands 
Sonetech 
P.O.Box258 
5670 AG Nuenen 
Netherlands 
Tel: 31-40-837075 
Fax: 31-40-832300 

Memec Benelux 
Rue 1200 Bruxelles 
Saint Lambert 135 
Belgium 
Tel: 010-32-2778-9850 
Fax: 010-32-2778-9858 

Denmark 
Arrow Exatec 
Mileparken 20E 
2740 Skovlund 
Denmark 
Tel: 45-44-927000 
Fax: 45-44-926020 
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England 
Polar Electronics PLC 
Cherrycourt Way 
Leighton Buzzard 
Bedfordshire LU7 8YY England 
Tel: 44-1525-377093 
Fax: 44-1525-378367 

Farnell Multi 
346 Edinburgh Avenue 
Slough 
Berkshire SL 1 4TU England 
Tel: 44-1753-84212 
Fax: 44-1753-824160 

Future Electronics Ltd. 
Future House 
Poyle Road, Colnbrook 
Berkshire SL3 OEZ England 
Tel: 44-1753-763000 
Fax: 44-1753-689100 

Eiger Technologies 
14 Howard Court 
Manor Park Avenue 
Manor Park Runcorn 
CheshireWA71SJ England 
Tel: 44-1928-579009 
Fax: 44-1928-579123 

Hawke Components Ltd. 
26 Campbell Court 
Bramley NR.Bassingstoke 
Hantshire RG26 5EG England 
Tel: 44-1258-880800 
Fax: 44-1256-880325 

H.B. Electronics Ltd. 
Lever Street 
Bolton 
Lancshire BL3 6BJ England 
Tel: 44-1204-525544 
Fax: 44-1204-384911 

Finland 
Memec Finland 
Asemankello 
Vernissankatu 6 
Fin 01300 Vahtaa 
Finland 
Tel: 358-07001-9830 
Fax: 358-07001-9839 

France 
Mecodis 
Pare d'Activites 
3 Allee des Erables 
94042 CRETEIL Cedex 
France 
Tel: 33 1 43 99. 44 00 
Fax: 33 1 43 99 98 28 

Farnell Electronic Services 
BP 69 Saint Aubin 
91192 GIF SurYvette Cedex 
France 
Tel: 33 1 69 85 83 00 
Fax: 33 1 69 85 83 99 

ScaibSA 
6 rue Ambroise Croizat 
ZI des Glaises - BP 58 
91122 Palaiseau Cedex 
France 
Tel: 331691989 00 
Fax: 331691989 20 
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Germany 

Rutronik RSC-Halbleiter GmbH 
lndustriestr. 2 
D-75228 lspringen 
Germany 
Tel: 49/7231-801-0 
Fax: 49/7231-82282 

Future Electronics Deutschland GmbH 
Muenchner Sir. 18 
D-85774 Unterfoehring 
Germany 
Tel: 49/89-95727-0 
Fax: 49/89-95727-140 

Semitron W. Roeck GmbH 
Im Gut 1 
D-79790 Kuessaberg 
Germany 
Tel: 49/7742-8001-0 
Fax: 49m42-6901 

Avnet E2000 GmbH 
Stahlgruberring 12 
D-81829 Muenchen 
Germany 
Tel: 49/89-4 5110-01 
Fax: 49/89-45110-210 

Metronik GmbH 
Leonhardsweg 2 
D-82008 Unterhaching 
Germany 
Tel: 49/89-61108-0 
Fax: 49/89-61108-155 

Greece 

P. Caritato & Associates S.A. 
Ilia lliou 31 
Athens 117 43 
Greece 
Tel: 30 1 902 01 15 
Fax: 30 1 901 70 24 

Hungary 

Humansoft Ltd. 
Angol u. 24/b 
H-1149 Budapest 
Hungary 
Tel: 36/1162-2879 
Fax: 36/1251-3673 
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Israel 

Elina Electronics Lid. 
14 Raoul Wallenberg St. 
P.O. Box 13190 
Tel Aviv 61131 Israel 
Tel: 972 3 49 85 43 
Fax: 972 3 49 87 45 

Italy 

Eurelettronica Sri 
Viale E. Fermi 8 
20090 Assago Milano 
Italy 
Tel: 39-2-457841 
Fax: 39-2-4880275 

Farnell Spa 
Viale Milanofiori E/5 
20090 Assago Milano 
Italy 
Tel: 39-2-824701 
Fax: 39-2-82470278 

Kevin 
Via del Gradenigo, 3 
20148 Milano 
Italy 
Tel: 39-2-48706300 
Fax: 39-2-48706500 

Norway 

Berendsen 
P.O. Box 9376 Gronlund 
N0135 
Oslo Norway 
Tel: 47-22-677290 
Fax: 47-22-677380 

Portugal 

Digicontrole 
Dpt Comercial 
Aven. Eng Arantes E. Oliveira 52d 
1900 LISBOA 
Portugal 
Tel: 35 11 80 57 30 
Fax: 35 11 849 03 73 

Distributors 

Russia 

Gamma lid. 
Grazdanski PR-T 
111KOM427, 429 
Elektronmash Building 
R-195265 St. Petersburg 
Russia 
Tel: 7/812-5311-180 
Fax: 7/812-5311-402 

Spain 

Sagitron 
Corazon de Maria 80/82 
28002 Madrid 
Spain 
Tel: +34 1 416 92 61 
Fax: +34 1 415 86 52 

Sweden 

Memec Scandinavia AB 
Kvarnholmsvagen 52 
131 31 Nacka 
Sweden 
Tel: 011-46-8643-4190 
Fax: 011-46-8643-1195 

Switzerland 

Elbatex Gruppe AG 
Hardstr. 72 
CH-5430 Wettingen 
Switzerland 
Tel: 41/56-275100 
Fax: 41 /56-275454 

Semitron W:Roeck & Co. 
Promenadenstr.6 
CH-8047 Zuerich 
Switzerland 
Tel: 41/56-493383 
Fax: 41 /56-493569 

Avnet E2000 AG 
Boehnirainstr. 11 
CH-8801 Thalwil 
Switzerland 
Tel: 4111-7221330 
Fax: 41/1-7221340) 

Turkey 

Inter Muehendislik Danismanlik 
Ve Ticaret A.S. 1 
Hasircbasi Caddesi No. 55 
81310 Kadikoy 
Istanbul 
Turkey 
Tel: 90 216 349 94 00 
Fax: 90 216 349 94 31 
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Distributors 

MEXICO 

Mexico, D.F. 

Semiconductores Profesionales 
Madrid No. 55 
Col. Del Carmen Coyoacan 
04100 Mexico, D. F. 
Tel: 525-658-60-11 
Fax: 525-658-60-44 

Edo de Mexico 

Electronics Seta 
Galeana No. 114-20 l;'iso 
La Loma Tlalnepantla 
54060 Edo de Mexico 
Tel: 525-390-77-13 
Fax: 525-390-94-68 

Guadalajara 

Future Electronics de Mexico 
S.A.deC.V. 
Prol. Americas 1600 
2doPisco 
Guadalajara, Jalisco 
Mexico 44610 
Tel: 523-678-9281 
Fax: 523-678-9200 
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SOUTH AMERICA 

Argentina 

lbars Electronics Corporation 
10020 N.W. 6th Ct. 
Pembroke Pines, Florida 33024 
USA 
Tel: 305-430-3740 
Fax: 305-430-3763 

Bolivia 

lbars Electronics Corporation 
10020 N.W. 6th Ct. 
Pembroke Pines, Florida 33024 
USA 
Tel: 305-430-3740 
Fax: 305-430-3763 

Brazil 

Aplicacoes Eletronicas 
Artimar Ltda. 
Rua Marques de ltu N°. 70-1 OAnd. 
CEP 01223 
Sao Paulo, Brazil 
Tel: 55-11-231-0277 
Fax: 55-11-255-0511 

Caribbean 

lbars Electronics Corporation 
10020 N.W. 6th Ct. 
Pembroke Pines, Florida 33024 
USA 
Tel: 305-430-3740 
Fax: 305-430-3763 

Chile 
lbars Electronics Corporation 
10020 N.W. 6th Ct. 
Pembroke Pines, Florida 33024 
USA 
Tel: 305-430-3740 
Fax: 305-430-3763 

Columbia 

lbars Electronics Corporation 
10020 N.W. 6th Ct. 
Pembroke Pines, Florida 33024 
USA 
Tel: 305-430-3740 
Fax: 305-430-3763 

Ecuador 

lbars Electronics Corporation 
10020 N.W. 6th Ct. 
Pembroke Pines, Florida 33024 
USA 
Tel: 305-43o-3740 
Fax: 305-43o-3763 

Paraguay 

lbars Electronics Corporation 
10020 N.W. 6th Ct. 
Pembroke Pines, Florida 33024 
USA 
Tel: 305-430-3740 
Fax: 305-430-3763 

Peru 
lbars Electronics Corporation 
10020 N.W. 6th Ct. 
Pembroke Pines, Florida 33024 
USA 
Tel: 305-430-3740 
Fax: 305-430-3763 

Uruguay 

lbars Electronics Corporation 
10020 N.W. 6th Ct. 
Pembroke Pines, Florida 33024 
USA 
Tel: 305-43Q-3740 
Fax: 305-430-3763 

Venezula 

lbars Electronics Corporation 
10020 N.W. 6th Ct. 
Pembroke Pines, Florida 33024 
USA 
Tel: 305-430-3740 
Fax: 305-430-3763 
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UNITED STATES 

Alabama 

Future Electronics 
4825 University Square, Suite 12 
Huntsville, AL 35816 
Tel: 205-830-2322 
Fax: 205-830-6664 

Pioneer Technologies 
4835 University Square, Suite 5 
Huntsville, AL 35816 
Tel: 205-837-9300 
Fax: 205-837-9358 

Arizona 

Bell Industries 
10611 North Hayden Road 
Building D, Suite 103 
Scottsdale, AZ. 85260 
Tel: 602-905-2355 
Fax: 602-905-2356 

Future Electronics 
4636 E. University Dr., Suite 245 
Phoenix, AZ. 85034 
Tel: 602-968-7140 
Fax: 602-968-0334 

Pioneer Standard 
1438 W. Broadwa, Suite B140 
Tempe, AZ. 85282 
Tel: 602-350-9335 
Fax: 602-350-9376 

© 1995 Microchip Technology Inc. 

California 

San Jose Area 

Bell Industries 
1161 N. Fairoaks Ave. 
Sunnyvale, CA 94089 
Tel: 408-734-8570 
Fax: 408-734-8875 

Future Electronics 
1024 Marilyn Dr. 
Mountain View, CA 94040 
Tel: 408-232-1998 
Fax: 408-433-0822 

Future Electronics 
2220 O'Toole Ave. 
San Jose, CA 95131 
Tel: 408-434-1122 
Fax: 408-433-0822 

Pioneer Technical Products 
333 River Oaks Parkway 
San Jose, CA 95134 
Tel: 408-954-9100 
Fax: 408-954-9113 

Roseville 

Bell Industries 
300 Douglas Blvd., Suite 205 
Roseville, CA 95661 
Tel: 916-781-8070 
Fax: 916-781-2954 

Future Electronics 
755 Sunrise Avenue, Suite 150 
Roseville, CA 95661 
Tel: 916-783-7877 
Fax: 916-783-7988 

Agoura Hills 

Bell Industries 
30101 Agoura Court, Suite 118 
Agoura Hills, CA 91301 
Tel: 818-865-7900 
Fax: 818-991-7695 

Future Electronics 
27489 West Agoura Road, Suite 300 
Agoura Hills, CA 91301 
Tel: 818-865-0040 
Fax: 818-865-1340 

Pioneer Standard 
5126 Clareton Dr., Suite 160 
Agoura Hills, CA 91301 
Tel: 818-865-5800 
Fax: 818-865-5814 

Distributors 

Los Angeles 

Bell Industries 
11812 San Vicente Blvd., Suite 300 
Los Angeles, CA 90049 
Tel: 310-826-2355 
Fax: 310-447-3265 

Irvine 

Bell Industries 
220 Technology Dr. #100 
Irvine, CA 92718 
Tel: 714-727-4500 
Fax: 714-453-4610 

Future Electronics 
258 Technology, Suite 200 
Irvine, CA 92718 
Tel: 714-453-1515 
Fax: 714-453-1226 

Pioneer Standard 
217 Technology Drive #110 
Irvine, CA 92718 
Tel: 800-753-5090 
Fax: 714-753-5074 

San Diego 

Aegis Electronic Group, Inc. 
1015 Chestnut Ave., Suite G2 
Carlsbad, CA 92008 
Tel: 619-729-2026 
Fax: 619-729-9295 

Bell Industries 
5520 Ruffin Rd., Suite 209 
San Diego, CA 92123 
Tel: 619-576-3294 
Fax: 800-444-0139 

Future Electronics 
5151 Shoreham Place, Suite 220 
San Diego, CA 92122 
Tel: 619-625-2800 
Fax: 619-625-281 O 

Pioneer Standard 
9449 Balboa Ave., Suite 114 
San Diego, CA 92123 
Tel: 619-514-7700 
Fax: 619-514-7799 
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Distributors 

Colorado 

Bell Industries 
1873 S. Bellaire St. 
Denver, CO 80222 
Tel: 303-691-9270 
Fax: 303-790-4991 

Future Electronics 
12600 W. Colfax Avenue 
Suite B110 
Lakewood, CO 80215 
Tel: 303-232-2008 
Fax: 303-232-2009 

Pioneer Technologies 
5600 Greenwood Plaza Blvd~ 
Suite 201 
Englewood, CO 80111 
Tel: 303-773-8090 
Fax: 303-773-8194 

Connecticut 

Bell Industries 
1064 East Main Street 
Meriden, CT 06450 
Tel: 203-639-6000 
Fax: 203-639-6005 

Future Electronics 
700 W. Johnson Ave. 
Westgate Office Center 
Cheshire, CT 0641 O 
Tel: 203-250-0083 
Fax: 203-250-0081 

Pioneer Standard 
Two Trap Falls #101 
Shelton, CT 06484 
Tel: 203-929-5600 
Fax: 203-929-9791 
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Florida 

Altamonte Springs 

Bell Industries 
650 S. North Lake Blvd. #400 
Altamonte Springs, FL 32701 
Tel: 407-339-0078 
Fax: 407-339-0139 

Future Electronics 
237 S. Westmonte Drive, Suite 307 
Altamonte Springs, FL 32714 
Tel: 407-865-7900 
Fax: 407-865-7660 

Pioneer Technologies 
337 South-North Lake, Suite 1000 
Altamonte Springs, FL 32701 
Tel: 407-834-9090 
Fax: 407-834-0865 

Deerfield Beach 

Future Electronics 
1400 E. Newport Center Drive 
Suite200 
Deerfield Beach, FL 33442 
Tel: 305-426-4043 
Fax: 305-426-3939 

Pioneer Technologies 
674 S. Military Trail 
Deerfield Beach, FL 33442 
Tel: 305-428-8877 
Fax: 305-481-2950 

Largo 

Future Electronics 
2200 Tall Pines Drive, Suite 108 
Largo, FL 34641 
Tel: 813-530-1222 
Fax: 813-538-9598 

Georgia 

Pioneer Technologies 
4250 C Rivergreen Pkwy. 
Duluth, GA 30136 
Tel: 404-623-1003 
Fax: 404-623-0665 

Bell Industries 
3020 Business Park Drive, Suite A 
Norcross, GA 30071 
Tel: 404-446-7167 
Fax: 404-446-7264 

Future Electronics 
3150 Holcomb Bridge Rd. 
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 
3150W. Higgins Rd., Suite 160 
Hoffman Estates, IL 60195 
Tel: 708-882-1255 
Fax: 708-490-9290 

Pioneer Standard 
2171 Executive Drive #200 
Addison, IL 60101 
Tel: 708-495-9680 
Fax: 708-495-9831 
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Indiana 

Fort Wayne 

Bell Industries 
525 Airport North Office Park 
Fort Wayne, IN 46825 
Tel: 219-490-2100 
Fax: 219-490-2104 

Pioneer Standard 
237 Airport N. Office Park 
Fort Wayne, IN 46825 
Tel: 219-489-0283 
Fax: 219-489-6262 

Indianapolis 

Bell Industries 
5230 W. 79th St. 
P.O. Box 6885 
Indianapolis, IN 46268 
Tel: 317-875-8200 
Fax: 317-875-8219 

Future Electronics 
8425 Woodfield Crossing 
Suite 175 
Indianapolis, IN 46240 
Tel: 317-469-0447 
Fax: 317-469-0448 

Pioneer Standard 
9350 N. Priority Way W. Dr. 
Indianapolis, IN 46240 
Tel: 317-573-0880 
Fax: 317-573-0979 

Kansas 

Future Electronics 
8826 Sante Fe Drive, Suite 150 
Overland Park, KS 66212 
Tel: 913-649-1531 
Fax: 913-649-1786 
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Maryland 

Bell Industries 
8945 Guilford Rd., Suite 130 
Columbia, MD 21046 
Tel: 800-274-6953 
Fax: 410-290-8006 

Future Electronics 
6716 Alexander Bell Drive 
Suite 101 
Columbia, MD 21046 
Tel: 410-290-0600 
Fax: 410-290-0328 

Seymour Electronics 
Columbia Business Center 
6440 Dobbin Road, Suite B 
Columbia, MD 21045 
Tel: 410-992-7474 
Fax: 410-992-7410 

Pioneer Technologies 
9100 Gaither Road 
Gaithersburg, MD 20877 
Tel: 301-921-3953 
Fax: 301-921-4255 

Pioneer Technologies 
15810 Gaither Drive 
Gaithersburg, MD 20877 
Tel: 301-921-3822 
Fax: 301-921-3858 

Massachusetts 

Bell Industries 
100 Burtt Road #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: 508-779-3050 

Pioneer Standard 
44 Hartwell Ave. 
Lexington, MA 02173 
Tel: 617-861-9200 
Fax: 617-863-1547 

Distributors 

Michigan 

Grand Rapids 

Future Electronics 
4505 Broadmoor S.E. 
Grand Rapids, Ml 49512 
Tel: 616-698-6800 
Fax: 616-698-6821 

Pioneer Standard 
4467 Byron Ctr Rd SW 
Grand Rapids, Ml 49509 
Tel: 616-534-3145 
Fax: 616-534-3922 

Detroit Area 

Future Electronics 
35200 Schoolcraft Road, Suite 106 
Livonia, Ml 48150 
Tel: 313-261-5270 
Fax: 313-261-8125 

Pioneer Standard 
44190 Plymouth Oak Blvd. 
Plymouth, Ml 48170 
Tel: 313-525-1800 
Fax: 313-427-3720 
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Distributors 

Minnesota 

Bloomington 

Bell Industries 
9400 James Ave. So. #142 
Bloomington, MN 55431 
Tel: 612-888-7247 
Fax: 612-888-7757 

Eden Prairie 

Future Electronics 
10025 Valley View Road, Suite 196 
Eden Prairie, MN 55344 
Tel: 612-944-2200 
Fax: 612-944-2520 

Pioneer Standard 
7625 Golden Triangle 
Eden Prairie, MN 56344 
Tel: 612-944-3355 
Fax: 612-944-3794 

Thief River Falls 

Digi-Key Corporation 
701 Brooks Ave. So. 
P.O.Box677 
Thief River Falls, MN 55344 
Tel: 218-681-6674 
Fax: 218-681-3380 

Missouri 
Future Electronics 
12125 Woodcrest Executive Dr. 
Suite220 
St. Louis, MO 63141 
Tel: 314-469-6805 
Fax: 314-469-7226 
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New Jersey 

Northern 

Bell Industries 
271 Route 46 West 
Suites F202-203 
Fairfield, NJ 07004 
Tel: 201-227-6060 
Fax: 201-227-2626 

Pioneer Standard 
14A Madison Road 
Fairfield NJ 07006 
Tel: 201-575-3510 
Fax: 201-575-3454 

Future Electronics 
1259 Route 46 East 
Parsippany, NJ 07054 
Tel: 201-299-0400 
Fax: 201-299-1377 

Phase 1 Technology 
295 Molnar Drive 
Elmwood Park, NJ 07407 
Tel: 201-791-2990 
Fax: 201-791-2552 

Seymour Electronics Corporation 
357 Crossways Park Drive 
Woodbury, NY 11797-2042 
Tel: 516-496-7474 
Fax: 516-496-0857 

Southern 

Bell Industries 
158 Gaither Drive, Suite 11 O 
Mt. Laurel, NJ 08054 
Tel: 609-439-9009 
Fax: 609-439-0570 

Seymour Electronics 
520 Fellowship Road, Suite A104 
Mt. Laurel, NJ 08054 
Tel: 609-235-7474 
Fax: 609-235-4992 

Future Electronics 
12 East Stow Road, Suite 200 
Marlton, NJ 08053 
Tel: 609-596-4080 
Fax: 609-596-4266 

New Mexico 

Bell Industries 
11728 Linn N.E. 
Albuquerque, NM 87123 
Tel: 505-292-2700 
Fax: 505-275-2819 

New York 

Binghamton 

Pioneer Standard 
1249 Front Street, Suite 201 
Binghamton, NY 13901 
Tel: 607-722-9300 
Fax: 607-722-9562 

Long Island 

Future Electronics 
801 Motor Parkway 
Hauppauge, NY 11788 
Tel: 516-234-4000 
Fax: 516-234-6183 

Phase 1 Technology 
46 Jefryne Blvd. 
Deer Park, NY 11729 
Tel: 516-254-2600 
Fax: 516-254-2693 

Pioneer Standard 
60 Crossways Park West 
Woodbury, NY 11797 
Tel: 516-921-8700 
Fax: 516-921-2143 

Seymour Electronics 
357 Crossways Park Drive 
Woodbury, NY 11797-2042 
Tel: 516-496-7474 
Fax: 516-496-0857 

Fairport 

Pioneer Standard 
840 Fairport Park 
Fairport, NY 14450 
Tel: 716-381-7070 
Fax: 716-381-5955 

Rochester 

Future Electronics 
300 Linden Oaks 
Rochester, NY 14625 
Tel: 716-387-9550 
Fax: 716-387-9563 

Syracuse 

Future Electronics 
200 Salina Meadows Parkway 
Suite 130 
Syracuse, NY 13212 
Tel: 315-451-2371 
Fax: 315-451-7258 
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North Carolina 

Future Electronics 
8401 University Executive PK. 
Suite 108 
Charlotte, NC 28262 
Tel: 704-547-1107 
Fax: 704-547-9650 

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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Ohio 

Cleveland 

Pioneer Standard 
4800 East 131st St. 
Cleveland, OH 44105 
Tel: 216-498-6305 
Fax: 216-587-3906 

Future Electronics 
6009-E Landerhaven Dr. 
Mayfield Heights, OH 44124 
Tel: 216-449-6996 
Fax: 216-449-8987 

Bell Industries 
31200 Solon Road Unit 11 
Solon, OH 44139 
Tel: 216-498-2002 
Fax: 216-498-2006 

Pioneer Standard 
29125 Solon Road 
Solon, OH 44139 
Tel: 216-248-8710 
Fax: 216-248-9166 

Dayton 

Bell Industries 
446 Windsor Park Drive 
Dayton, OH 45459 
Tel: 513-434-8231 
Fax: 513-434-8103 

Pioneer Standard 
4433 lnterpoint Blvd. 
Dayton, OH 45424 
Tel: 513-236-9900 
Fax: 513-236-8133 

Future Electronics 
1430 Oak Ct., Suite 203 
Beavercreek, OH 45430 
Tel: 513-426-0090 
Fax: 513-426-8490 

Worthington 

Pioneer Standard 
1 oo Old Wilson Bridge, Suite 105 
Worthington, OH 43085 
Tel: 614-848-4854 
Fax: 614-848-4889 

Distributors 

Oklahoma 

Pioneer Standard 
9717 E. 42nd St., Suite 105 
Tulsa, OK 74146 
Tel: 918-665-7840 
Fax: 918-665-1891 

Oregon 

Bell Industries 
9275 S.W. Nimbus 
Beaverton, OR 97005 
Tel: 503-644-3444 
Fax: 503-520-1948 

Future Electronics 
15236 N.W. Greenbrier Pkwy. 
Beaverton, OR 97006 
Tel: 503-645-9454 
Fax: 503-645-1559 

Pioneer Technologies 
8905 SW Nimbus, Suite 160 
Beaverton, OR 97008 
Tel: 503-626-7300 
Fax: 503-626-5300 

Pennsylvania 

Horsham 

Pioneer Technologies 
500 Enterprise Road 
Keith Valley Business Center 
Horsham, PA 19044 
Tel: 215-674-4000 
Fax: 215-674-3107 

Pittsburgh 

Pioneer Standard 
259 Kappa Drive 
Pittsburgh, PA 15238 
Tel: 412-782-2300 
Fax: 412-963-8255 
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Distributors 

Texas 

Austin 

Future Electronics 
9020 II Capital of Texas Hwy N 
Suite610 
Austin, TX 78759 
Tel: 512-502-0991 
Fax: 512-502-0740 

Dallas 

Pioneer Standard 
13765 Beta Road 
Dallas, TX 75244 
Tel: 214-386-7300 
Fax: 214-490-6419 

Richardson 

Bell Industries 
1701 Greenville Ave. #306 
Richardson, TX 75081 
Tel: 214-690-9096 
Fax: 214-690-0467 

Future Electronics 
800 E. Campbell Rd., Suite 130 
Richardson, TX 75081 
Tel: 214-437-2437 
Fax: 214-669-2347 

Houston 

Future Electronics 
10333 Richmond Ave., Suite.970 
Houston, TX 77042 
Tel: 713-785-1155 
Fax: 713-785-4558 

Pioneer Standard 
10530 Rackley Road, Ste 100 
Houston, TX 77099 
Tel: 713-495-4700 
Fax: 713-495c5642 
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Utah 

Bell Industries 
6912 S. 185 West, Suite B 
Midvale, UT 84047 
Tel: 801-561-9691 
Fax: 801-255-2477. 

Future Electronics 
3540 S. Highland Drive #301 
Salt Lake City, UT 84106 
Tel: 801-467-4448 
Fax: 801-467-3604 

Washington 

Bell Industries 
1715114thAve S.E #208 ·· 
Bellevue, WA 98004 
Tel: 206-646-8750 . 
Fax: 206-646-8559 

Pioneer Technologies 
2800 156th Ave., SE, Suite 100 
Bellevue, WA 98007 
Tel: 206-644-7500 
Fax: 206-644-7300 

Future Electronics 
19102 N. Creek Parkway South 
Suite 118 
Bothell, WA. 98011 
Tel: 206-489-3400 
Fax: 206-489-3411 

Wisconsin 

Future Electronics 
250 N. Patrick Boulevard, Suite 170 
Brookfield, WI 53045 
Tel: 414-879-0244 
Fax: 414-879-0250 

Pioneer Standard 
120 Bishop's Way, Suite 163 
Brookfield, WI 53005 
Tel: 414-784-3480 
Fax: 414-784-8207 

Bell Industries 
W 226 N 900 Eastmound 
Waukesha, WI 53186 
Tel: 414-547-8879 
Fax: 414-547-6547 

Authorized Distributor 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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MICROCHIP 

AMERICAS 

Corporate Office 
Microchip Technology Inc. 
2355 West Chandler Blvd. 
Chandler, AZ. 85224-6199 
Tel: 602 786-7200 
Fax: 602 786-7277 

Atlanta 
Microchip Technology Inc. 
500 Sugar Mill Road, Suite 200B 
Atlanta, GA 30350 
Tel: 404 640-0034 
Fax: 404 640-0307 

Boston 
Microchip Technology Inc. 
Five The Mountain Road, Suite 120 
Framingham, MA 01701 
Tel: 508 820-3334 
Fax: 508 8204326 

Chicago 
Microchip Technology Inc. 
333 Pierce Road, Suite 180 
Itasca, IL 60143 
Tel: 708 285-0071 
Fax: 708 285-0075 

Dallas 
Microchip Technology Inc. 
14651 Dallas Parkway, Suite 816 
Dallas, TX 75240-8809 
Tel: 214 991-7177 
Fax: 214 991-8588 

Dayton 
Microchip Technology Inc. 
35 Rockridge Road 
Englewood, OH 45322 
Tel: 513 832-2543 
Fax: 513 832-2841 

Los Angeles 
Microchip Technology Inc. 
18201 Von Karman, Suite 455 
Irvine, CA 92715 
Tel: 714 263-1888 
Fax: 714 263-1338 
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Factory Sales 

AMERICAS (continued) 

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 North First Street, Suite 590 
San Jose, CA 95131 
Tel: 408 436-7950 
Fax: 408 436-7955 

ASIA/PACIFIC 

Hong Kong 
Microchip Technology Inc. 
Unit No. 3002-3004, Tower 1 
Metro plaza 
223 Hing Fong Road 
Kwai Fong, N.T. Hong Kong 
Tel: 852 2 401 1200 
Fax: 852 2 401 3431 

Korea 
Microchip Technology Korea 
168-1, Youngbo Bldg. 3 Floor 
Samsung-Dong, Kangnam-Ku, 
Seoul, Korea 
Tel: 82 2 554 7200 
Fax: 82 2 558 5934 

Singapore 
Microchip Technology Inc. 
200 Middle Road 
#10-03 Prime Centre 
Singapore 0718 
Tel (mobile): 65 634 2305 

Taiwan 
Microchip Technology Taiwan 
10F-1C 207 
Tung Hua North Road 
Taipei, Taiwan, AOC 
Tel: 886 2 717 7175 
Fax: 886 2 545 0139 

EUROPE 

United Kingdom 
Arizona Microchip Technology Ltd. 
Unit 6, The Courtyard 
Meadow Bank, Furlong Road 
Bourne End, Buckinghamshire 
SLB 5AJ 
Tel: 44 (0) 1628 851077 
Fax: 44 (0) 1628 850259 

France 
Arizona Microchip Technology SAAL 
2 Rue du Buisson aux Fraises 
91300 Massy- France 
Tel: 33 1 69 53 63 20 
Fax: 33 1 69 30 90 79 

Germany 
Arizona MicrochipTechnology GmbH 
Gustav-Heinemann-Ring 125 
D-81739 Muenchen, Germany 
Tel: 49 89 627 144 0 
Fax: 49 89 627 144 44 

Italy 
Arizona Microchip Technology SAL 
Centro Direzionale Colleoni 
Palazzo Pegaso lngresso No. 2 
Via Paracelso 23, 20041 
Agrate Brianza (Ml) Italy 
Tel: 39 039 689 9939 
Fax: 39 039 689 9883 

JAPAN 
Microchip Technology Intl. Inc. 
Benex S-16F 
3-18-20, Shin Yokohama 
Kohoku-Ku, Yokohama 
Kanagawa 222 Japan 
Tel: 81 45 471 6166 
Fax: 81 45 471 6122 
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Microchip Worldwide Sales and Distribution 

MICROCHIP 
Microch ip Technology Inc. 
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Chandler, AZ. 85224-6199 
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